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This lecture aims to expose you to how 
computational biologists’ way of thinking 
(and any small topics that relevant)

The content of this lecture will not be in 
the final exam. There is a written 
homework assignment.



Lecture outline

1.Research Effectively
2.Linux
3.Keep tracking / Reproducible research
4.Data Type / Visualisations
5.R



Credit: http://www.omicscouts.com

http://www.omicscouts.com/


https://www.nature.com/articles/nbt.2740.pdf

https://www.nature.com/articles/nbt.2740.pdf


https://www.nature.com/articles/nbt.2740.pdf

https://www.nature.com/articles/nbt.2740.pdf


https://www.nature.com/articles/nbt.2740.pdf

https://www.nature.com/articles/nbt.2740.pdf


http://collections.plos.org/ten-simple-rules

http://collections.plos.org/ten-simple-rules


Research effectively / Data management



17 papers in 2017 ; how?
(I know he’s doing the work) 







What do we actually do everyday?

• You have got new data!
• (1) Need to understand, QC, and analyse the data. How?

• Once the data has been explored, you need to compare against 
published ones
• (2) You need to survey, and download the right dataset
• Move to step (1)

• (3) Then you need to visualise
• Does it answer your question? There are times when you need to

(4) develop new/better algorithms and 
(5) generate more data



Finally to present to an audience

• Remember to save all your work first!
• Organisation and record-keeping

• Publications? But before that…

• Are the data shared to the public?
• How?

• Are the results reproducible?
• How?



Experimental Analysis

Present / 
publicationExperiments New questions / 

insights

Original 
question



Relationship of the research life cycle (A) to the data life cycle (B)

•https://doi.org/10.1371/journal.pcbi.1004525

https://doi.org/10.1371/journal.pcbi.1004525


Analysis in a high throughput world: challenges

QC
Analysis Present / 

publicationVisualisation

Interpretation

New questions / 
insights

Experiments
High 

throughput 
sequencing

data
Organisation

Share

x10-30



Analysis in a high throughput world: reorganisation

Present / 
publication

New questions / 
insights

Experiments
High 

throughput 
sequencing

Readily organise, 
analyse, visualise, 

interpret and 
share

Require standardization!!

x10-30



When most people think of analysis



Relationship 

Column name

Row names

Title

Visualisation

Each cell has a data Data of interest



You need a platform to rearrange, tidy, subset, merge data easily

So what do you need?

X
Recommendation: 
R and Python in a 
linux environment



https://www.oreilly.com/ideas/2016-data-science-salary-survey-results

40 hour = Monday - Friday
9am-6pm
one hour lunch break

How much do you work a week?

In Taiwan2016 Data science survey



Time spent in meetings and coding

https://www.oreilly.com/ideas/2016-data-science-salary-survey-results



2015 Data science survey

https://www.oreilly.com/ideas/2015-data-science-salary-survey



2015 Data science survey

https://www.oreilly.com/ideas/2015-data-science-salary-survey



2015 Data science survey

https://www.oreilly.com/ideas/2015-data-science-salary-survey



Some observations
A day of a data scientist /bioinformatician / biologist with lots of 
data:

• Less than 1 to 4 hours to quickly explore data (78%)
• Less than 1 to 4 hours to do data cleaning (74%)
• Less than 1 to 4 hours to visualise data (70%)
• Less than 1 to 4+ hours to present analysis (73%)

= 4 – 16 hours to finish your daily task



https://www.theguardian.com/money/2018/mar/03/sarah-
teichmann-wake-4am-think-about-work

https://www.theguardian.com/money/2018/mar/03/sarah-teichmann-wake-4am-think-about-work


Some observations (my own opinions)
• Data scientist are needed everywhere
• Bioinformatician / data scientist in Biology field are less well-paid in 

relative to other field, 

This will result in 
• All high throughput data / analysis are outsourced to companies -> 

students/labs will not gain the experience
• A few labs can enjoy deal with all the data in Taiwan -> also not good as 

no energy to initiate novel projects

• Try to be as much hands on as possible early in your training



Linux



History of Unix

Wikihttps://en.wikipedia.org/wiki/History_of_Unix

Unix is a family of multitasking, 
multiuser computer operating 
systems that derive from the 
original AT&T Unix, development 
starting in the 1970s at the Bell 
Labs research center by Ken 
Thompson, Dennis Ritchie, and 
others.

Shell (execute commands from terminal window) 

Kernel (manages hardware resources) 

Hardware (CPU, RAM, network…) 

User

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


History of Unix

Wikihttps://en.wikipedia.org/wiki/History_of_Unix

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


What is GNU/Linux?
GNU/Linux is a Unix-like computer operating system (OS) assembled 
under the model of free and open-source software development and 
distribution.

Wiki

Linux kernel was designed by Linux Torvalds
GNU project contains lots of UNIX-like libraries and applications



Linux distributions

Wiki

A Linux distribution (often called a distro for
short) is an operating system made from a
software collection, which is based upon the
Linux kernel and, often, a package
management system.



Linux distributions

Mx Linux Mint



Installing programs in Linux

• Open-source and free
• More than one way of installing

• From downloaded files
• Binaries (already executable)
• Compile from source files

• From package manager (like App store)
• Contains official repositories (secure, stable malware-free)
• New repositories can be added (latest)

• Dependencies
• A software uses (depends) another software which performs specific 

tasks



Installing programs in Linux

https://help.ubuntu.com/community/SynapticHowto

Desktop type
Software manager

https://help.ubuntu.com/community/SynapticHowto


Download files from internet

https://www.snapgene.com/snapgene-viewer/

https://www.snapgene.com/snapgene-viewer/


Download files from internet (II)

https://www.snapgene.com/snapgene-viewer/

Source code
Some may contain executable binaries
Some need to be compiled from scratch
Usually come in compressed file (need to decompress them)

https://www.snapgene.com/snapgene-viewer/


Console and Command-line interface



Console and Command-line interface

Wiki

Computer terminal or system consoles are the text entry and display device for 
system administration messages, particularly those from the BIOS or boot loader, 
the kernel, from the init system and from the system logger. It is a physical device 
consisting of a keyboard and a screen. 

A command-line interface is a means of interacting with a computer 
program where the user issues commands to the program (putty, terminal) in the 
form of successive lines of text (command lines).

http://www.ictlounge.com/html/operating_systems.htm



Using command line in day-to-day bioinformatics

• Most sequence files are text files
• Text mining easy!

• Features programming functions (e.g., loops, variables)
• Lots of little scripts

• Package everything (scripts, programs) into working pipelines

• Automation and reproducibility

• Remote access



A typical command

Application or script name

Options always start with ‘-’, and often expect to receive an option (xxx)

Argument can be passed to programs



Special characters in bash



Special characters in bash

$ command xxxx yyyyy

Linux treats xxxx and yyyy as two arguments of
the command

You can uses single quotes or escape to distinguish special
characters (in this case: space )

$ command ‘xxxx yyyyy’
$ command xxxx\ yyyy



Short cut and emergency command in linux

*



Directory structure

Try:
ls (list segment)
cd (change directory)
rm (abbreviation for remove)
mkdir (make directory)
pwd (print working directory)



Directory structure is like a tree

From /home/ishengtsai/

Relative path: 
cd fungi # moves into fungi folder 

# now you are in /home/ishengtsai/fungi/
# you can only do this successfully when you are in /home/ishengtsai/

cd ..              # you go up one directory
# now you are in /home/

Or absolute path:
cd /home/ishengtsai/fungi/ ; 



Files commands **

awk https://en.wikipedia.org/wiki/AWK



Compression commands



Redirection of input / output

$ ls > out.txt

# The result of the ls command will be output and saved into out.txt

$ ls >> out.txt

# The result of the ls command will be output and append into out.txt
# If the file out.txt already exists, then the original content will not be replaced, and
# the new information will be added into the file



Pipeline

… a pipeline is a set of processes chained by their standard streams, so that
the output of each process (stdout) feeds directly as input (stdin) to the next one.

program1 | program2 | program3

Special character to pipe the results

ls -l | grep key | less
Example:



Demonstration I: daily tasks
1. Login into a terminal
2. Go to a specific directory that contains your data
3. Inspect your fasta files

$ less ref.fa | grep '>' | less
$ less ref.fa | grep '>' | wc -l 

4. How about fastq file?
- how many sequences?

5. How about gff file?
- how many exons? How many genes?
- how many genes that are expressed in the forward strand?

6. Check if command is successful



Installation
1. You need a bioinformatics program

1. Download binaries and it should be ready to execute
2. Or you have to compile 
3. Most modern program now deposit their program in github

cd /home/ijt/NGScourse/
git clone https://github.com/relipmoc/skewer.git
cd skewer
make 
/home/ijt/NGScourse/skewer/skewer

compile

Ready to run!

https://github.com/relipmoc/skewer.git


Demonstration II: daily tasks

1. Downloaded some sequenced data ; mapped to genome and you want to start 
looking at it.

2. Look at sam file
$ samtools view xxx.bam | less

3. Okay, how about if I want to check the insert size of properly mapped reads? 
What filter to use? (https://broadinstitute.github.io/picard/explain-flags.html )

4. You have a file that you want to visualize, what next?

https://broadinstitute.github.io/picard/explain-flags.html


Demonstration III: daily tasks

1. How many genes are there in a gff file?

2. Length of fasta files

3. Longest sequence in the fasta (if not sorted)

4. Scripts to find out

5. Echo 

6. For loop



Good references 

https://www.bits.vib.be/training-list/112-
bits/training/upcoming-trainings/124-linux-for-
bioinformatics

https://www.bits.vib.be/training-list/112-bits/training/upcoming-trainings/124-linux-for-bioinformatics


Keep tracking



Keep a track of your science

All the command can be reused (copy 
and paste!)

Screenshot to log results

# Comment your code (what was the purpose)

Evernote; onenote; notion.. Etc?



Evernote  / Notion 



Readily share / reproducible



Markdown and notebook ; 
Reproducible and 
redistributable

https://try.jupyter.org/

https://try.jupyter.org/


Version control: Git



https://guides.github.com/activities/hello-world/

https://guides.github.com/activities/hello-world/


Use of markdown

• Created by John 
Gruber 

• Informal plain-text 
formatting 
language 

• Converts readable 
text to valid 
(X)HTML 

• Primary goal -
readability 



Some examples:

• https://cgsb.gitbooks.io/ngs-analysis/content/
• https://pfern.github.io/OSODOS/gitbook/

Git + Github + markdown

https://cgsb.gitbooks.io/ngs-analysis/content/
https://pfern.github.io/OSODOS/gitbook/


Lab communication (fb, LINE?; SLACK)

https://cen.acs.org/articles/94/i29/Slack-ing-helps-
chemists-manage.html

https://cen.acs.org/articles/94/i29/Slack-ing-helps-chemists-manage.html


Ten simple rules series

http://collections.plos.org/ten-simple-rules

http://collections.plos.org/ten-simple-rules


Summary so far

• No need to do everything ‘perfect’
• Depending on scale, use something that is most effective

https://xkcd.com/927/

https://xkcd.com/927/


A series of Jypyter notebooks hosted on github
• https://github.com/jupyter/jupyter/wiki/A-gallery-of-interesting-Jupyter-Notebooks

Other links
• http://linux.vbird.org/linux_basic/ (Chinese ; extremely useful) ****
• https://evomics.org/learning/unix-tutorial/
• http://www.ark-genomics.org/events-online-training-eu-training-course/introduction-linux
• http://linuxcommand.org/

Useful links:

https://github.com/jupyter/jupyter/wiki/A-gallery-of-interesting-Jupyter-Notebooks
http://linux.vbird.org/linux_basic/
https://evomics.org/learning/unix-tutorial/
http://www.ark-genomics.org/events-online-training-eu-training-course/introduction-linux
http://linuxcommand.org/


Data type / Visualisations











Relationship 

Column name

Row names

Title

Visualisation

Each cell has a data Data of interest



Locations / maps
• How do we represent/visualise them?

Gene locations / strand

Circos



Properties on the genome



Visualising genomes - Circos



BED/gff format

http://genome.ucsc.edu/FAQ/FAQformat#format1
http://gmod.org/wiki/GFF2

• Features on genome use bed / gff files to represent their locations
• “Optional field” can be added for additional information



Pathways



Importance of networks in biology 

Protein interaction networkGene interaction networks



Phylogeny

https://www.khanacademy.org/science/biology/her/tree-of-
life/a/phylogenetic-trees

https://www.khanacademy.org/science/biology/her/tree-of-life/a/phylogenetic-trees


Phylogeny

https://www.khanacademy.org/science/biology/her/tree-of-
life/a/phylogenetic-trees

https://www.khanacademy.org/science/biology/her/tree-of-life/a/phylogenetic-trees


Phylogeny with added features



Intersections, unions – Venn diagrams











R is a programming environment
• It’s free

• Hence R is supported by a large user network
• R is open source

• Can be run on Windows, Linux and Mac
• Provides an unparalleled platform for programming new statistical 

methods in an easy and straightforward manner. 
• Excellent graphics capabilities
• Lots and lots of analysis packages
• It is also old, hence you need to know new functions which do things 

much faster



Suggested textbook (also a gitbook!)
http://r4ds.had.co.nz/

http://r4ds.had.co.nz/


Suggested textbook + learn statistics

Code is kind of obsoleted but contents about 
statistics are still outstanding

http://onlinelibrary.wiley.com/book/10.1002/9781119941750

http://onlinelibrary.wiley.com/book/10.1002/9781119941750


Download R and Rstudio
http://www.r-project.org
https://www.rstudio.com/

http://www.r-project.org/
https://www.rstudio.com/


Rstudio interface



R as a calculator

Press enter to complete the expression

Incomplete expression will result in 
continuation prompt +

Completed expression



Assignment

<- is the assignment operation

Original value is replaced

R is case sensitive ; x does not equal to X

New value can be assigned as the result 
of calculation



Boolean assignment

student <- 30000
phd <- 56000

student > phd student < phd student != phd

[1] FALSE [1] TRUE [1] FALSE

student + student > phd

[1] TRUE

#Two heads are better than one



Vector is the simplest data structure in R 

x<- c(1,2,3,4,5,6,7,8,9,10)
c = combine
In this case, we assign a vector of 10 
numbers into x

x * 2
x /10 + 1



Selection
x<- c(1,2,3,4,5,6,7,8,9,10)
names(x)<-c("A","B","C","D","E","F","G","H","I","J") 

x[x>5] 
x[1:3]
x[1]
x[-1] 
x[c("C","D")] 
x[c("Z")] 
x[x %in% c(7,9)] 
x[x %in% c(7,13)] 



Different types of vectors

x<- c(1,2,3,4,5,6,7,8,9,10)
strings <- c("AS","BRC")

typeof(x)
typeof(strings)

This matters when one 
data type is numbers, 
and you want to sort 
them categorically 



Function

function (arg1, arg2, arg3… , option1=,option2=...)

x<- c(1,2,3,4,5,6,7,8,9,10)
y<- c(3,6,9,10,13,30,20,100)

mean(x)
mean(y)
median(x)
max(x)

• Must have assigned names
• Applies using round brackets
• Takes argument and options



R simple plot I

x<- c(1,2,3,4,5,6,7,8,9,10)
y<- c(3,6,9,10,13,30,20,100,220,100)

plot(x,y)
plot(x,y,col="red")

boxplot(x,y,col="red")
boxplot(x,y,col=c("hotpink", "yellow"))

boxplot(x,y,col=c("hotpink", "yellow"),main="Lec2")



R simple plot II

# Follow examples here:
http://al2na.github.io/compgenr/intro_to_r/plotting_in_r.html

http://al2na.github.io/compgenr/intro_to_r/plotting_in_r.html


Matrices are a collection of vectors of the same type

http://al2na.github.io/compgenr/intro_to_r/data_types.html

mat <- matrix(c(1, 3, 2, 5, -1, 2, 2, 3, 9), nrow = 3)
rownames(mat) <- c("a","b","c")
colnames(mat) <- c(”x",”y",”z")



Matrices - summary

• Each row and column must have data of the same 
type (numeric, character etc)

• Most useful when do linear algebra (e.g. PCA,)

• If you want different data types, need to use 
objects called data.frames



Data frames
• Think of these like Excel spreadsheets
• All the values of the same variable must go in the same column

• E.g., age, sex, RPKM, numbers
• Rows represent samples

• E.g., sample A collected in Taiwan, sample B collected in Japan

• Like matrices but different types of data are allowed

• Tibble from the dplyr package ; basically like data frame but much easier to 
manipulate



R has some pre-installed data frames
iris
head(iris)

worms <- read.table("worms.txt", header=T) 
head(worms) 

# Or you can read into data

File available here: 
https://github.com/shifteight/R/blob/master/TRB/data/worms.txt

https://github.com/shifteight/R/blob/master/TRB/data/worms.txt


Selection in data frames

# Square brackets

# dollar ($) operation (for columns only) 

# subset (not discussing today)

• dat[i , ] would select the i-th row (which is a vector)
• dat[ , j] would select the j-th column (which is a vector)
• dat[i, j] would select the value from the i-th row and j-th column 

worms$Area

worms[,1]
worms[1,]
worms[1,1]



Some combinations of it 

# Square brackets
• dat[i , ] would select the i-th row (which is a vector)
• dat[ , j] would select the j-th column (which is a vector)
• dat[i, j] would select the value from the i-th row and j-th column 

worms[worms$Area < 3,]
worms[(worms$Area < 3) & (worms$Worm.density <4),]
worms[(worms$Area < 3) & (worms$Worm.density <4),]$Soil.pH



More plot from dataframes
plot(worms$Area,worms$Slope,col=as.numeric(worms$Vegetation))
plot(worms$Area,worms$Slope,col=as.numeric(worms$Vegetation),pch=as.numeric(worms$Vegetation))
boxplot(worms$Worm.density ~ worms$Vegetation)



More useful functions here

y<-abs(-20)
x<-Sum(y+5)
Z<-Log(x)
round(x,1)
summary(worms)
head(worms)
tail(worms)
ncol(worms)
nrow(worms)



Statistics

x <- rnorm(500,4)                     # mean at 4
y <- rnorm(500,6)                    # mean at 6 

# Plot histogram
plot(hist(x), col=rgb(0,0,1,1/4), xlim=c(0,10)) 
plot(hist(y), col=rgb(1,0,0,1/4), xlim=c(0,10), add=T)
t.test(x,y)

x <- rnorm(500,3) 
y <- rnorm(500,3) 
t.test(x,y)

# Simulate two normal distributions at mean =3 

# Simulate two normal distributions one at mean =4, and another at  6 



Running out of functions to use?

Use Packages

• R consists of a core and additional packages. 
• Collections of R functions, data, and compiled code
• Well-defined format that ensures easy installation, a basic standard of 

documentation, and enhances portability and reliability



Install R packages

http://r4ds.had.co.nz/introduction.html#rstudio

http://r4ds.had.co.nz/introduction.html


Tidyverse package



Example I 

library("pheatmap") 
library("vegan") 
healthy <- read.table(“myoviridae_healthy.txt") 
healthy_hellinger <- decostand(healthy, method="hellinger") 
pheatmap(healthy_hellinger, cluster_cols=FALSE, cellwidth=8, cellheight=8, main="Healthy") 



Case study one (iris)
The data set consists of 50 samples from 
each of three species of Iris (Iris setosa, 
Iris virginica and Iris versicolor). Four 
features were measured from each sample: 
the length and the width of the sepals 
and petals, in centimetres. Based on the 
combination of these four features, Fisher 
developed a linear discriminant model to 
distinguish the species from each other.

This data set became a typical test case 
for many statistical classification 
techniques in machine learning such as 
support vector machines

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

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


Case study one (iris)

https://rpubs.com/koushikstat/167274

https://rpubs.com/koushikstat/167274


R markdown in Rstudio

https://rmarkdown.rstudio.com/r_notebooks.html

https://rmarkdown.rstudio.com/r_notebooks.html


https://gallery.shinyapps.io/001-hello/
https://shiny.rstudio.com/gallery/genome-browser.html
https://shiny.rstudio.com/gallery/

https://gallery.shinyapps.io/001-hello/
https://shiny.rstudio.com/gallery/genome-browser.html
https://shiny.rstudio.com/gallery/


Coronavirus examples

https://mp.weixin.qq.com/s/_0D8ENb-4lGm4UV16Ok28A

https://towardsdatascience.com/an-r-package-to-explore-
the-novel-coronavirus-590055738ad6

https://mp.weixin.qq.com/s/bPXdOGFzFK5dWLTEOEJB3g

https://mp.weixin.qq.com/s/_0D8ENb-4lGm4UV16Ok28A
https://towardsdatascience.com/an-r-package-to-explore-the-novel-coronavirus-590055738ad6
https://mp.weixin.qq.com/s/bPXdOGFzFK5dWLTEOEJB3g


Coronavirus Shiny example

https://johncoene.shinyapps.io/contest-coronavirus/_w_5602e0c8/
https://community.rstudio.com/t/coronavirus-2020-shiny-contest-submission/53061

https://community.rstudio.com/t/coronavirus-2020-shiny-contest-submission/53061
https://community.rstudio.com/t/coronavirus-2020-shiny-contest-submission/53061


In summary

• Start practicing
• There are so much data out there
• Going through tutorials
• Learn through real case scenarios

• Think how to manage your notes and 
data effectively

• Research fast 
• Reproducible research



Data sources
• https://data.gov.tw/

• http://fivethirtyeight.com/

• https://www.kaggle.com/

• All the various R datasets:
• https://vincentarelbundock.github.io/Rdatasets/datasets.html
• Iris is part of them

https://data.gov.tw/
http://fivethirtyeight.com/
https://www.kaggle.com/
https://vincentarelbundock.github.io/Rdatasets/datasets.html

