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Online workshop contents  

Sr. no. Topics covered Presenter Duration 

1. Welcome address Organizers 3.00 - 3.15 pm 

2. Bioinformatics and Actins in Arabidopsis 
Prof. Sudeshna 

Mazumdar-Leighton 

3.15 - 3.45 pm 

(35 min.) 

3. 
A brief overview of protein sorting; 

What is iPSORT and how does it work? 
Aashima Mehra 

3.45 - 4.00 pm 

(15 min) 

4. 

Retrieval of sequences from NCBI; Preparation of 

Fasta files; Prediction of localization sites of 

protein sequences 

K. Tingneivah Mate 
4.00 - 4.15 pm 

(15 min) 

5. Run amino acid index and Data analysis Mansi Bansal 
4.15 - 4.30 pm 

(15 min) 

6. Bayesian-based prediction software  Parul Bhardwaj 
4.30 - 4.45 pm 

(15 min) 

7. Homework exercise and concluding session 4.45 – 5.00 pm 



Overview 

Cell ( Animal, Plant, Bacteria, Virus + & - ) 

Genome Sequencing Projects (HUGO, TAIR*) 

Sequence Databases (NCBI, PDB) 

Computational Biology/  

Bioinformatics 

Genomes (Nuclear, Mitochondrial, Chloroplast) 

recoDNA technologies (Cloning, PCR, DNA sequencing*) 
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Sequence Databases 

• History: Margaret Dayhoff (1970s), Walter 

Goad (Los Alamos National Lab, NM,USA) 

(1980s) 

• DDBJ, EMBL, NCBI (NA) 

• PIR, Swiss-Prot, MIPS, JIPID (Proteins) 

 

WE RECOMMEND USING FOR CLASS: 

http://www.ncbi.nlm.nih.gov 
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Databases 

Bioinformatics/Computational Biology 

Gene Protein 

Structure Function  
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  Databases 

Bioinformatics/Computational Biology 

Gene family Homologous Proteins 

Conserved Structures Related Functions  
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Molecular Evolution of Actin genes in 

Arabidopsis thaliana 

www.sml-botanydu.com  
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A FASTA FILE 
• >ACT1 

MADGEDIQPLVCDNGTGMVKAGFAGDDAPRAVFPSIVGRPRHTGVMVGMGQKDAYVGDEA

QSKRGILTLKYPIEHGIVNNWDDMEKIWHHTFYNELRVAPEEHPILLTEAPLNPKANREKMTQI

MFETFNAPAMYVAIQAVLSLYASGRTTGIVLDSGDGVSHTVPIYEGYALPHAILRLDLAGRDLT

DALMKILTERGYSFTTTAEREIVRDIKEKLCYIALDYEQELETAKTSSSVEKNYELPDGQVITIGS

ERFRCPEVLYQPSMIGMENAGIHETTYNSIMKCDVDIRKDLYGNIVLSGGTTMFPGIADRMSKE

ITALAPSSMKIKVVAPPERKYSVWIGGSILASLSTFQQMWIAKAEYDESGPSIVHRKCF 

• >ACT2 

MAEADDIQPIVCDNGTGMVKAGFAGDDAPRAVFPSVVGRPRHHGVMVGMNQKDAYVGDEA

QSKRGILTLKYPIEHGVVSNWDDMEKIWHHTFYNELRIAPEEHPVLLTEAPLNPKANREKMTQI

MFETFNSPAMYVAIQAVLSLYASGRTTGIVLDSGDGVSHTVPIYEGFSLPHAILRLDLAGRDLT

DYLMKILTERGYMFTTTAEREIVRDIKEKLSFVAVDYEQEMETSKTSSSIEKNYELPDGQVITIG

AERFRCPEVLFQPSFVGMEAAGIHETTYNSIMKCDVDIRKDLYGNIVLSGGTTMFSGIADRMSK

EITALAPSSMKIKVVAPPERKYSVWIGGSILASLSTFQQVKIDQILFRILLHAN 

• >ACT3 

MADGEDIQPLVCDNGTGMVKAGFAGDDAPRAVFPSIVGRPRHTGVMVGMGQKDAYVGDEA

QSKRGILTLKYPIEHGIVNNWDDMEKIWHHTFYNELRVAPEEHPILLTEAPLNPKANREKMTQI

MFETFNAPAMYVAIQAVLSLYASGRTTGIVLDSGDGVSHTVPIYEGYALPHAILRLDLAGRDLT

DALMKILTERGYSFTTTAEREIVRDIKEKLCYIALDYEQELETAKTSSSVEKNYELPDGQVITIGS

ERFRCPEVLYQPSMIGMENAGIHETTYNSIMKCDVDIRKDLYGNIVLSGGTTMFPGIADRMSKE

ITALAPSSMKIKVVAPPERKYSVWIGGSILASLSTFQQMWIAKAEYDESGPSIVHRKCF 

• >ACT4 www.sml-botanydu.com    
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Methods 

Choose set of related sequences 

 

Obtain multiple sequence alignment 

 

Is there strong sequence similarity? 

 

   Yes.                      Maximum Parsimony Methods 

No.           Is there clearly recognizable sequence 
similarity?          Yes.           Distance methods 

     

 No.      Maximum likelihood methods 
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CLUSTAL W ( http://www.ebi.ac.uk ) 
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CLUSTAL W ( http://www.ebi.ac.uk ) 
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Sequence Alignments 

• Pair-wise comparison…. 

 

LGPSSKQTGKGS--SRIWDN 

 

LN--ITKSAGKGAIMRLGDA 

GLOBAL ALIGNMENT 

LOCAL ALIGNMENT 
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Sequence Alignment 

• 2 sequences (protein and nucleotide) 

Needleman & Wunsch, 1970 alignments 

G A T C T A 

 

 G 1       

 

A  2    1  

 

T   3  1   

 

C    4    

 

A  1    5 minus gap penalty 
D 

GATCTA 

GATCDA 
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Aligning gene & protein sequences 

• Margaret Dayhoff, 1972, 1978 (PIR) Matrices based PAM tables 

(percent amino acid substitutions) 

 

Organism a AWTVASAVRLSI 

Organism b AYTVAAAVRLSI 

Organism c AWTVAAAVLTSI 

a b c 

L to R 

W to Y 
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Significance of Sequence Alignments 

Ancestor sequence 

Sequence A 

Sequence B 

x 
y steps 

Gene Duplication 

Species 1              Species 2 

Species 0 

Orthologs 

Paralogs 

www.sml-botanydu.com    

http://www.sml-botanydu.com/
http://www.sml-botanydu.com/
http://www.sml-botanydu.com/


Multiple Sequence Alignment, MSA 

seqA N *  F L S 

seqB N *  F -  S 

seqC N K Y L S 

seqD N *  Y L S 

N Y L S    N K Y L S       N F S          N F L S 

Y  to F 

+ F -L 
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Multiple Sequence Alignment & Trees 

• MSA is a foundation step in the determination of 

evolutionary relationships among multiple sequences. 

They can be of proteins or nucleotides. 

GAGTT    GAATC 

 

 

Ancestor: GA (G/A)T(C/T) 

*Softwares convert MSA data into a tree using 

algorithms. Trees can be Rooted/Unrooted. 
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MSA: Arabidopsis Actins 

http://www.sml-botanydu.com/
http://www.sml-botanydu.com/
http://www.sml-botanydu.com/


Tree of Arabidopsis actins 
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**Arabidopsis, Actin, Meagher 
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GDV, Actin genes of A. thaliana 
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MAPVIEWER: A. thaliana ACTIN 
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MAPVIEWER 
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Link to TAIR 
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A FASTA FILE 
• >ACT1 (POLLEN) 

• MADGEDIQPLVCDNGTGMVKAGFAGDDAPRAVFPSIVGRPRHTGVMVGMGQKDAYVGDEA

QSKRGILTLKYPIEHGIVNNWDDMEKIWHHTFYNELRVAPEEHPILLTEAPLNPKANREKMTQI

MFETFNAPAMYVAIQAVLSLYASGRTTGIVLDSGDGVSHTVPIYEGYALPHAILRLDLAGRDLT

DALMKILTERGYSFTTTAEREIVRDIKEKLCYIALDYEQELETAKTSSSVEKNYELPDGQVITIGS

ERFRCPEVLYQPSMIGMENAGIHETTYNSIMKCDVDIRKDLYGNIVLSGGTTMFPGIADRMSKE

ITALAPSSMKIKVVAPPERKYSVWIGGSILASLSTFQQMWIAKAEYDESGPSIVHRKCF 

• >ACT2 (ROOT, STEM, LEAVES of mature plants) 

• MAEADDIQPIVCDNGTGMVKAGFAGDDAPRAVFPSVVGRPRHHGVMVGMNQKDAYVGDEA

QSKRGILTLKYPIEHGVVSNWDDMEKIWHHTFYNELRIAPEEHPVLLTEAPLNPKANREKMTQI

MFETFNSPAMYVAIQAVLSLYASGRTTGIVLDSGDGVSHTVPIYEGFSLPHAILRLDLAGRDLT

DYLMKILTERGYMFTTTAEREIVRDIKEKLSFVAVDYEQEMETSKTSSSIEKNYELPDGQVITIG

AERFRCPEVLFQPSFVGMEAAGIHETTYNSIMKCDVDIRKDLYGNIVLSGGTTMFSGIADRMSK

EITALAPSSMKIKVVAPPERKYSVWIGGSILASLSTFQQVKIDQILFRILLHAN 

• >ACT3 (POLLEN, OVULES) 

MADGEDIQPLVCDNGTGMVKAGFAGDDAPRAVFPSIVGRPRHTGVMVGMGQKDAYVGDEA

QSKRGILTLKYPIEHGIVNNWDDMEKIWHHTFYNELRVAPEEHPILLTEAPLNPKANREKMTQI

MFETFNAPAMYVAIQAVLSLYASGRTTGIVLDSGDGVSHTVPIYEGYALPHAILRLDLAGRDLT

DALMKILTERGYSFTTTAEREIVRDIKEKLCYIALDYEQELETAKTSSSVEKNYELPDGQVITIGS

ERFRCPEVLYQPSMIGMENAGIHETTYNSIMKCDVDIRKDLYGNIVLSGGTTMFPGIADRMSKE

ITALAPSSMKIKVVAPPERKYSVWIGGSILASLSTFQQMWIAKAEYDESGPSIVHRKCF 

• >ACT4 (SEEDS) www.sml-botanydu.com    
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Tree of Arabidopsis actins 
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Hypothesis 

 “The macro-evolution of vegetative 

and reproductive plant structures is 

linked to the molecular evolution of 

two, differentially regulated classes 

of cytoskeletal genes that physically 

direct development.” 
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Link Out & Explore “A Brave New World” 
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Suggested Readings 

• RB Meagher, EC McKinney and AV Vitale, 1999 “The evolution of new 

structures: clues from plant cyto-skeletal genes” TIG 15:7, 278-284. 

• Bioinformatics: A Practical Approach, Higgins & Taylor, OUP (Indian 

ed.) Rs. 295 

• Biological Sequence Analysis : Probabilistic Models of Proteins and 

Nucleic Acids, Durbin et al., CUP (Indian ed.) Rs. 395. 

• Surf the web!! 
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Protein sorting in plant cells 

 Protein sorting is the mechanism by which a 

cell transports proteins to the appropriate 

positions in the cell or outside of it. 

 Valuable annotations for novel proteins 

 Proteins can move between compartments in 

different ways –  
Gated transport (Nucleus) 

Transmembrane transport (Mitochondria, Peroxisomes) 

Vesicular transport (ER) 

 

Compartmentalization in cellular organelles  

Eukaryotic cell              Mitochondria                Chloroplast 



Protein subcellular localization 

Some signals are easily recognizable while others are difficult to 

understand 

Proteins must have intrinsic signals for their localization – a cellular 

address (eg. N-terminal signal sequences) 

The pre-sequences of the targeting peptides are often found at the N-

terminal extension. 

It is composed of between 6 to 136 basic and hydrophobic amino acids. 

Signal sequences are removed from the finished protein by specialized 

signal peptidases once the sorting process has been completed. 

Enough experimental data exists to build highly accurate computational 

predictors of localization. 



Common structure of N-terminal signal peptide 



Predictions from known data 

Different information can be used for predictions from known data 

Sequence motifs 

N-terminal 

Secretory signal 
peptides 

Mitochondrial 
targeting peptides 

Chloroplast transit 
peptides 

C-terminal 

Peroxisome 
import 
signal 

ER retention 
signal 

Mid-sequence 

NLS 

Amino acid 
composition 

AA frequency 

Dipeptide 
composition 

Homology 



The PSORT family  

The PSORT family server 
(http://psort.nibb.ac.jp/; 

http://psort.org/) contains 
several variant tools for the 

prediction of protein 
localization sites in cells.  

It receives the information 
of an amino acid sequence 
and its source origin, e.g., 
Gram-negative bacteria, as 

inputs.  

Then, it analyzes the input 
sequence by applying the 
stored rules for various 

sequence features of known 
protein sorting signals.  

Finally, it reports the 
possibility for the input 

protein to be localized at 
each candidate site with 
additional information.  

• PSORT: an old version for plants and bacteria  

• PSORT II: recommended for yeast and animal  

• iPSORT: for N-terminal sorting signals for plants or non-plants  

• PSORT-B: recommended for Gram-negative bacteria  

• WoLF PSORT: recommended for animal, plant and fungi 

Variant tools of the 
PSORT family 



What is iPSORT  ̶  Overview 

iPSORT is a subcellular localization site predictor for 
N-terminal sorting signals. 

Given a protein sequence, it will predict whether it 
contains a (Signal Peptide SP), Mitochondrial Targeting 
Peptide (mTP), or Chloroplast Transit Peptide (cTP).  



Getting started with iPSORT 



iPSORT homepage opens 



Link to PSORT www service (PSORT, PSORT II):  
The original PSORT and PSORT II 



iPSORT  ̶  Structure 

The structure of iPSORT is 

simply a decision list consisting 

of 3 nodes (2 for non-plant) 
At the 1st node, the protein sequence 

is checked if it is a Signal Peptide 

(SP) or not. If it is predicted as SP, 

then the output is simply "SP". 



iPSORT  ̶  Structure 

At the last node, the protein sequence is judged if 

it is a mitochondrial targeting peptide or not. If 

yes, then "mTP" is the output, and if no, "cTP". 

At the 2nd node, the protein sequence is judged if it is 

either a mitochondrial targeting peptide (mTP), or 

chloroplast transit peptide (cTP). If it is determined not to 

be either of them, the sequence is predicted to be "Other". 

(For non-plant sequences, this will be the final node). 

The rules deciding whether or not the given signals contain a certain signal consists of two elements:  

an amino acid index rule, and an alphabet indexing+pattern rule. (except for SP with only an amino acid index rule). 

To be judged "yes" at each node, the input amino acid sequence must satisfy both of the two rules (except SP). 



Suggested readings for iPSORT 

 Bannai, H., Tamada, Y., Maruyama, O., Nakai, K., and Miyano, S., "Extensive feature detection 

of N-terminal protein sorting signal", Bioinformatics, 18(2) 298‐305, 2002.  

 Bannai, H., Tamada, Y., Maruyama, O., Nakai, K., Miyano, S., Views: Fundamental Building 

Blocks in the Process of Knowledge Discovery, In Proceedings of the 14th International FLAIRS 

Conference, 233-238, AAAI Press, 2001. 

 Gardy, J. L., Spencer, C., Wang, K., Ester, M., Tusnady, G. E., Simon, I., ... & Brinkman, F. S. 

(2003). PSORT-B: Improving protein subcellular localization prediction for Gram-negative 

bacteria. Nucleic acids research, 31(13), 3613-3617. 

 Horton, P., Park, K. J., Obayashi, T., Fujita, N., Harada, H., Adams-Collier, C. J., & Nakai, K. 

(2007). WoLF PSORT: protein localization predictor. Nucleic acids research, 35(suppl_2), 

W585-W587. 

 Hiller, K., Grote, A., Scheer, M., Münch, R., & Jahn, D. (2004). PrediSi: prediction of signal 

peptides and their cleavage positions. Nucleic acids research, 32(suppl_2), W375-W379. 

 Zheng, Z., Chen, Y., Chen, L., Guo, G., Fan, Y., & Kong, X. (2012). Signal-BNF: a Bayesian 

network fusing approach to predict signal peptides. Journal of Biomedicine and 

Biotechnology, 2012. 



Sequence retrieval from database 

 Search the Gene database with the desired gene name, species, or accession number. 

 Nucleotide/ Protein sequence: Basic Local Alignment Search Tool (BLAST) tool. 

NCBI database website:  

https://www.ncbi.nlm.nih.gov/ 

2 

1 
3 

https://www.ncbi.nlm.nih.gov/sites/entrez?db=gene


Preparation of FASTA files 

1 2 



>XP_004135094 

MASSILSSAAVASVNSASPAQASMVAPFTGLKSSAGFPITRKNNVDITTLASN
GGKVQCMKVWPPLGLRKFETLSYLPDMSNEQLSKECDYLLRNGWVPCVEF
DIGSGFVYRENHRSPGYYDGRYWTMWKLPMFGCTDSSQVIQEIEEAKKEYP
DAFIRVIGFDNVRQVQCISFIAYKPPRFYSS 

 

>WP_140970218 

MLKKAIAEFIGTFVLVLFGTGVAVLGGGIEGIGTLGIAMAFGLSIVAMAYSIG
TISGCHINPAVSVAMFINKRMNAMELCYYVLAQILGGLLGTATLVTILKSAK
APLDNLGQNGFGTLGLSGAFLVEFILTFVFVLVIVAVTGKKGSSSLAGLVIGFT
LVLIHLLGIPLTGTSVNPARSIAPALFAGGEALSQLWVFIVAPILGGIVAAIVGK
FILNTEK 

Preparation of FASTA files 



Localization sites of protein sequences 

iPSORT domain address: 

https://ipsort.hgc.jp/ 

Bannai et al., 2002 

Protein Sorting Signals: 

Signal Peptides (SP) 

Chloroplast transit peptides (cTP) 

Mitochondrial targeting peptides (mTP) 

 

SP has conserved three-region structure: a 

positively charged n-region, a hydrophobic   

h-region, and a polar c-region. 

cTP are known to be rare in acidic residues. 

mTP are rich in arginine (R), alanine (A), 

and serine (S), while negatively charged 

amino acid residues (aspartic acid (D) and 

glutamic acid (E)) are rare. 



Localization sites of protein sequences 

1. XP_004135094 (Cucumis sativus - Rubisco) 



Localization sites of protein sequences 

1. XP_004135094 (Cucumis sativus- Rubisco) 

Threshold = 0.083 

Sequence Value = 0 



Localization sites of protein sequences 

2. WP_140970218 (Bacillus- Aquaporin) 



Localization sites of protein sequences 

2. WP_140970218 (Bacillus- Aquaporin) 

Sequence Value = 1.96667 

Threshold = 0.953 



Amino acid index analysis 
• Amino Acid indices 

• Amino Acid Index analysis tool at iPSORT WWW service 



Proteins are built from a repertoire of 20 Amino Acids  

 

Genetic code encodes 20 

basic amino acids which are 

the building blocks of all 

proteins 

Three dimensional structure of Mygolobin, RuBiSCo, Fatty acid binding 

protein , Haemoglobin tetramer, Auxin binding protein, Papain. 
Source : Berg et al., 2002, www.rcsb.org 



Physical 
properties of 
amino acids 

Chemical 
properties of 
amino acids 

Biochemical 
properties of 
amino acids 

Protein 
structure 

and function 

• The amino acid composition determines the primary structure of the protein. 
• The spatial arrangement of the amino acid sequence in three-dimensional space determine the 

secondary and tertiary structure of the protein. 
• The constituent amino acid has multifaceted properties that are responsible for the specificity and 

diversity of protein structure and function. 

Properties of Amino Acids determine Protein structure 

Source: Berg et al., 2002;  Kawashima & Kanehisa. 2000 



AminoAcid Index or AA Index 

Source: Kawashima & Kanehisa. 2000 

AA INDEX 

AA index is a database of 
amino acid indices and 
amino acid mutation 

matrices 

AA INDEX I 

An amino acid index is a set 
of 20 numerical values 

representing various physico-
chemical and biochemical 
properties of amino acids. 

AA INDEX II 

An amino acid mutation 
matrix is generally 20 × 20 

numerical values 
representing similarity of 

amino acids 

Examples: Isoelectric point, Hydrophobicity, 

Hydropathy index, Alpha helix propensity 



Running Amino Acid Index analysis tool at iPSORT WWW Service 



Step 1 : Visit iPSORT WWW Service home page through your web browser 

iPSORT homepage URL : 

https://ipsort.hgc.jp 



Step 2 : Click on the „Run amino acid index analysis‟ option in „Contents‟  

iPSORT homepage URL : 

https://ipsort.hgc.jp 



Step 2 : Click on the „Run amino acid index analysis‟ option in „Contents‟  

The amino acid index analysis or the 

AAindex Analysis tool of iPSORT 

A long list of amino acid indices to 

select from  

GUI input box to enter/paste the 

query sequence 

GUI input box to customize the window 

size for analysis of query sequence  

GUI input boxes to customize/specify 

a part of query sequence for analysis Submit button 



Step 3 : Choose amino acid index of your interest 

iPSORT homepage URL : 

https://ipsort.hgc.jp 

The selected amino acid index 

highlights in blue 



Step 4 : Enter/Paste query sequence 

The query protein sequence is pasted 

in the GUI box provided 

The search can be customized for 

window size or a part of protein 

If not stated, the default window size of 10 is 

selected and entire sequence is analysed 



Step 5 : Click on „Submit‟ Button 



Example 1  



Example 1  

It is the overall frequency 

calculated for each amino 

acid to occur in a alpha 

helix 

The output graph shows the 

plot of average values of 

normalized alpha helix 

frequency for amino acids in 

selected window size 



Example 2  



Example 2  

The isoelectric point of an 

amino acid is the point at 

which the amino acid has 

no net electrical charge. 

The output graph shows the 

plot of average values of 

isoelectric points for amino 

acids in selected window size 



Exploring AAindex database further 



Exploring AAindex database further 



Exploring AAindex database further 



Exploring AAindex database further 





• PrediSi allows the evaluation of whole proteome datasets i.e. analysis of large datasets in real time with 
high accuracy. 

• The method employed is based on a position weight matrix approach. 

• A freely available, user-friendly web interface tool (http://www.predisi.de)  

• Presentation of the results in user- as well as computer-friendly formats such as HTML, XML and CSV. 

• Free availability as a Java package for integration into other software projects. 

Hiller et al., 2004; Kilpatrick, 2015 

http://www.predisi.de/
http://www.predisi.de/
http://www.predisi.de/
http://www.predisi.de/
http://www.predisi.de/
http://www.predisi.de/
http://www.predisi.de/


Steps to follow 

1 

http://www.predisi.de/ 



2 

Steps to follow 



Result 

Detailed Results 
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Algorithms for Prediction Softwares 

• Signal peptides serve as “address tags”. It is highly desirable to develop the 

fast and accurate algorithms to identify the signal sequences and predict their 

cleavage sites. Based on different kinds of characteristics, several algorithms 

such as neural networks,  and Hidden Markov Models have been used. 

• Bayesian network is a method of statistical inference in which some kind of 

evidence or observations are used to calculate the probability if a hypothesis 

may be true.  



Hidden Markov Model & Bayes Theorem 



Life of a Science student 

Experiment 

worked!! 
Experiment 

failed!! 



Experiment 

worked!! 
Experiment 

failed!! 

0.8 0.2 0.6 0.4 

Exceptions 



Experiment 

worked!! 
Experiment 

failed!! 

0.8 

0.2 

0.4 

0.6 

0.8 0.2 0.6 0.4 

Hidden 

Hidden Markov Model 

Observations 



Experiment 

worked!! 
Experiment 

failed!! 

0.8 

0.2 

0.4 

0.6 

0.8 0.2 0.6 0.4 

Transition probabilities 

Hidden Markov Model 

Emission probabilities 



Experiment 

worked!! 
Experiment 

failed!! 

Probability of an experiment working or failing on a Random day? 

W=0.8W+0.4F F=0.2W+0.6F 

W+F=1 

0.8 

0.2 

0.4 

0.6 



Experiment 

worked!! 
Experiment 

failed!! 

W=0.8W+0.4F F=0.2W+0.6F 

W+F=1 

0.8 

0.2 

0.4 

0.6 

Probability of an experiment failing or working on a Random day? 

P (W)=2/3 

P (F)=1/3 



Experiment 

worked!! 

Experiment 

failed!! 

Probability of an experiment failing or working if I ordered Oreo shake? 

P (W)=2/3 

P (F)=1/3 

Prior 

Probability 



Bayes Theorem 

P(W)=2/3 P(F)=1/3 Prior Probability 

0.8 

0.2 



Bayes Theorem 

P(W)=2/3 P(F)=1/3 Prior Probability 

0.8 

0.2 

0.4 

0.6 



Bayes Theorem 

P(W)=2/3 P(F)=1/3 

If OS, 

P (W|OS)= 8/10 

P (F|OS)=2/10 

If C, 

P (W|C)= 2/5 

P (F|C)=3/5 

Posterior Probabilities 

Prior Probability 

0.8 

0.2 

0.4 

0.6 



Maximum Likelihood- Home Exercise 

Experiment 

worked!! 

Experiment 

failed!! 

If for 2 consecutive days I ordered Oreo shake, what was the status of my experiments? 

0.8 

0.2 

0.4 

0.6 

0.8 0.2 0.6 0.4 



Hint 

Experiment 

worked!! 

Experiment 

failed!! 

No. of possibilities= 2n where n=2 in this case 

Experiment 

worked!! 

Experiment 

worked!! 

Experiment 

failed!! 

Experiment 

worked!! 

Experiment 

failed!! 

Experiment 

failed!! 
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