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Part A :Presentation of the module
Break — question answering

Part B :Introduction
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This module will describe fundamental concepts and technologies underlying
computational biology and bioinformatics.

Computational Biology is the development and application of data driven
mathematical modeling and computational simulation techniques to study of

biological, behavioral, and social systems

Bioinformatics is an interdisciplinary field of science that develops methods and
software tools for understanding biological data Bioinformatics combines computer

science, statistics, mathematics, and engineering to analyse and interpret biological
data. adapted from wikipedia

BMS353



The
University
Of

Now, uoui'e
exatﬂerafjnc]

Bioinfonmatict AT B R e

bioinfortaticians
thats what we do

www.bioco

Sample preparation

Sequencing
Gene identification
Novel 9enes
Discoveries...etc

/

N-I'p:hblocormh_bbwal- com

Shefficld What is a Bioinformatician?

What | do in my research:

* Next generation Sequencing data analysis
* Noise deconvolution

* Modelling uncertainty

* Integration of data

* Modelling observed data for predictions

What am | going to teach you?

Some of that STUFF
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What are the learning outcomes of this
module?

This module aims to:

1. provide an understanding of the fundamental concepts and technologies
underlying computational biology and bioinformatics

2. equip biology students with basic knowledge of mathematical concepts
them with methods of Bioinformatics and Computational biology

3. use a multidisciplinary approach integrated with programming tools and
statistical concepts underpinning advanced data analysis and methods that

are suitable for high-throughput data analysis

4. provide new transferable skills
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How will you be learning?

Lectures on theoretical concepts

Online resources from open source software

Writing simple scripts for data analysis during practical classes
Self-marking and formative feedback

Group discussion and forum through the module website
Small research project on real data

Banging your head on the computer ..

Giving yourself time to adapt to this new way of thinking...

BMS353
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* Training in data analysis and basic programming skills with the aims of being
aware of the effects of experimental design in the data analysis

* A good understanding of technologies and methods for Bioinformatics and use of
workflow and pipelines for data analysis

* New qualifications that will increase your employability
* Deeper insight into the principles of conducting a research data analysis project

* A new se of transferable skills, like programming and awareness of cloud
computing and data sharing

* Learning a new terminology and new interdisciplinary skills
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The teaching consists of two hours of lectures and two of lab

classes each week. The lectures will be followed by practical
classes.

In the lab classes we will use coding to transform theory in
practice

Lab classes are split in two groups to reduce class numbers

Coding requires practice, the more the better
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Module Outline (cont.)

e Course-works are essential to learn the coding skills— do them.

* Hit the deadlines for the self-assessment to monitor your progress and highlight
problem you might have.

 Make sure you participate actively to the interactive sessions in the class and in
the labs.

* Use the resources on the module website and
* Read carefully the notebook and follow the instructions

e Avoid catch up! Remember BMS353 is different from biology teaching and can be
overwhelming if left all at the end.

* Please note, if you email a question that can be answered by reading the module

handbook or instructions on MOLE or module website you will not receive an
answer.
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BMS353 Bioinformatics for Biomedical Science

Coter Koy

)

Deadlines Exam Feedback About Overview

Overview

BMS353 - Bioinformatics for Biomedical Science — Module Co-ordinator: Dr Marta Milo

Research Software Support: the module is supported by principle of Open Data Science Initiative and
Research Software Engineering in collaboration with Dr Mike Croucher

Semester 1B - Level 3 Biomedical Science 2018/2019
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The tools we will use

L
A Jupyter notebook (Originally Ipython notebook)

J u pyte I’ Combines computer programs (code), text, data, results

v into one interactive document

( \ We will use a cloud computing

environment called CoCalc

COC/‘.-C (SageMathCloud)

Collaborative Calculation in the Cloud

A popular programming language in areas such
as bioinformatics, statistics and data analysis.

We will use our brain to create new knowledge

s Some mathematical concepts
: BMS353
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N el BMS353 assessment

The exam for this module will be split in two parts:

Part A — A Multiple Choice Question test for the duration of 1hr and 30 minutes, that
will count 30% of the final grade

Part B — A notebook with the implementation of allocated projects that will count for
70% of the final grade.

The project will be a collection of all the tools experienced in the practical labs
implemented on a set of real data. It will be developed in groups of three students, but

notebook will have to be handed individually.

The lab practical notebooks handed in every week during the module will constitute
formative feedback that can be used for the final project.
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MCQ assessment

Each question will have 4 possible responses A, B, C or D. ONLY ONE RESPONSE IS
CORRECT IN EACH CASE. Each question is worth one mark, correct answer will count as

1, an incorrect answer will count as -0.5. Not answered questions will count as 0.

1. What is the main subject of BMS353:
A. Phycology

B. Statistics
C. Computational biology
D. Computer Science

2. What level students BMS353 is aimed at: 3. There will be no mathematics in BMS353:
A. Level 3-BMS A. TRUE

B. Post graduate B. FALSE
C. Master students

C. TRUE only in odd days
D. Computer Science students

D. TRUE only in even days

Student 1: 1C, 2B, 3A mark=0

Student 2: 1C, 2-, 3- mark=1

BMS353
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Cloud computing, or simply “the cloud”, also known as on-demand computing is a model
for enabling on-demand access to a shared pool of configurable resources

Bk Advantages

servers

g e Cost efficient

* Large space storage

* Backup and recovery

* Easy access

* Quick to gain functionality

* Incentives collaboration and data sharing

Laptops

Application

E 9 a

(——) Collaboration an Finance
Content Communication

Platform

Monitoring

Runtime

Infrastructure

= 2 N

Compute Network

Object Storage Database

Block Storage
Phones

:
Disadvantages

Technical issues
Security in the cloud
Prone to attack

Cloud Computing

Sam Johnston — from Wikipedia

The cloud metaphor: the network elements
representing the services are invisible to the user,
like obscured by a cloud
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A very effective use of the cloud resources and its commercial exploitation

is given by Amazon
They used cloud computing to create the

concept of Elastic Computing (EC2).

It is a key part of the Amazon Web Services
(AWS), which is composed of scalable elastic

ooty gt el compute unit (ECU) that were introduced as an

largest Internet-based retailer in the United a bSt ra Cti on Of com p Ute r resources
States. Wikipedia .

Amazon.com, Inc.

Electronic commerce company - amazon.co.uk

Amazon.com, Inc. is an American electronic

Customer service: 0800 496 1081

Stock price: AMZN (NASDAQ) US$659.68 +4.19 (+0.64%) A user can create, |aunch' and terminate

10 Nov, 16:00 GMT-5 - Disclaimer

CEO: Jeff Bezos server usage as needed. It is based on a
Headquarters: Seattle, Washington, United States ”paylng by the hour for act-lve Servers” this is
Founder: Jeff Bezos .. " T

Founded: July 5, 1994, Bellevue, Washington, United States Why It IS Ca”ed elast‘IC .

Country of origin: India

Subsidiaries: Audible Inc., The Book Depository, Alexa Internet, more

Its global feature allows users to control over
the geographical location of instances (server
usage), optimising latency and redundancy.

First to allow company to rent scalable computing resources

Their retail ecommerce site is entirely base on cloud computing
BMS353
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Big data is a very generic term to indicate datasets that are so large or complex that
traditional data processing applications are inadequate for mining it.
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Visualization of daily Wikipedia edits created by IBM. At
multiple terabytes in size, the text and images of Wikipedia

are an example of big data. BMS353
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There are many challenges when dealing with big data, some of them are:
e Data analysis

* Data curation

* Searching engines

e Data sharing

e Data storage and transfer

* Data visualization

* Information privacy

However, big data has a high predictive power and its accuracy may lead to more
confident decision making.

In biology:

With the advent of high-throughput genomics, life scientists are starting to grapple

with massive datasets, encountering big data challenges
Technology Feature, Nature 2013

Analysing the large amount of genomic data with local infrastructure is impossible.
The data is then moved to the cloud for analysis and storage.
Data sharing is becoming crucial for biological data. BMS353
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WWW.cocalc.com

O COCALC Policies  Pricing APl  Sign In

®

COCALC

Collaborative Calculation in the Cloud

Create Your Free CoCalc Account!

or sign in with your account

Online computing environment

We are using the cloud to learn in BMS353. The resources on the cloud are used as
teaching tool

BMS353



The
University

D Shemeta Jupyter Notebooks on CoCalc Cloud

We will use Jupyter Notebooks and their kernels on CoCalc for all our practical
classes .

A Jupyter Notebooks kernel is a “computational engine” that executes the code
written in the Notebook document.

In this module (BMS353) we will use R kernels to implement our data analysis in
the notebooks.

There will be allocated folder and storage space to our project: BMS353
You will access your assignments and data using CoCalc with a web browser.

Everything will be stored in CoCalc folder allocated to you.
The cloud will backup and secure our work, as well as giving us computational

time for the data analysis

All the lab practicals and the final project will be marked and assessed from
notebooks saved in the CoCalc folders.
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Programming language = is a language formally designed to communicate instruction to a machine, i.e. a
computer, to control behavior or to express a mathematical construct in numerical form ( make operations,
more or less complex)

Algorithm =it is a procedure or formula for solving a problem
Kernels = computational engine that is activated by a specific language (i.e. R, Python, C etc.)

Scripts = a list of instructions that represent the command needed to represent a task. It has a logical structure
and a defined structure for data input

Implementation = the process of putting into effect the list of instructions that are specified in the script. This is
done by using numerical values as input. The implementation process will produce a a final set of values.

Debug = Process for identifying and removing error from scripts

Object = virtual container of values stored in the working space. It is used to implement the instructions and to
store values during the implementation and as final set.

Programming Function =it is a procedure or a routine that encapsulate a “task”. Many instructions are
combined in one “word” ( the name of the programming function) which will implement that “task” on a set of
specified input.

Read and Write = The process of uploading data into the work space and to download data from the working
space into a local or remote archive (folder)

BMS353
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Basic mathematics notation

Single values and vectors

x,yEN

x and y are values from the real numbers

zZ 4 —
A=(x,y,2)
A

? In general
-Z —
: . X=(X[, X0 Xy)
Ly X

...... L x, €R

X
Y i=1,..,N

The values x; are called variables since they can assume a range a fixed values

The parameter are fixed values that we indicate in mathematical notation with Greek
letters

BMS353
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Matrices are tables of values or letters that are organised in rows and columns. In common use
they only have two dimensions, in more advanced use they can have three.

Vectors are special cases of matrices, they have a number of N columns and only one row

- (0) ti ith Matri
o - eration wi atrix
app dapz daps dpqg A =[3X4] P
3 ar| r> dr3y drg 3 X 4 matrix Sum and Difference same dimensions

ay) diz dz3z dig
- - Multiplications number of column of the
first matrix need to be the same as
number of raw of the second matrix.

/Cl” d, - 4, \( X ) /bl ) Multiplication is done so that:
Ay Ay 0y || X% | bz 4
. .o . = - [1 2 3] [5]|=1-4+25+3.6=22
) f
a, a., - a X b ——
\nl n2 nn )\ n/ \n/ m ;)’(_1‘ - 1x1

BMS353
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Basic mathematics notation (cont.)

A way of writing a notation for large sums or multiplication is to use the Greek

symbols of
E For summing
H For multiplying

N
For summing N values we will use the following notation: Exi /O

i=1

N
For multiplying N values we will use the following notation: Hx,-/U
i=1

BMS353
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A function is a relation from a set of input to a set of possible outputs, where each
input is related to exactly one output.

fx)=x/2 f) =y +4

/ \ When the input is one we say a one-dimension

Input (variable) function

When the input is more that one variable we say a

2 2 .. ; ] ) )
— multi-dimension function. With two variable we sa
f,y)=x"+Yy lti-dimension juncti v
a bi-dimensional function

2 : .
X2 +y We can also have function conditional to a
fx,y/a)="—"——=— parameter. In this case we call them conditional
o functions

Where a has value from a set of even number between 0 and 10 BMS353
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What is BMS353 about and what you expect to learn and gain after taking
BMS353

* How to gain information about the module and where to find links to additional
reading material, lectures content and practical classes (Web site)

* How to interact for discussion and problem-solving
 How you will get assessed

* Tools we will be using in BMS353

e Cloud computing and Big Data

* Jupyter Notebooks and CoCalc Cloud

e Basic programming terminology

 Refreshed some basic mathematical notions and notations.
BMS353



