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Topics

• Introduction

• Sequence: Whole genome alignments, motifs and 

microRNAs

• Expression: Gene expression in similar studies 

across species and databases

• Interactions: Protein-protein, protein-DNA and 

genetic interaction networks across species



Grades

• Class presentations: 50%

• Projects:            35%

• Class participation and reading: 15%



Introduction to Molecular Biology 

(with special emphasis on integrating 

data from multiple  species) 

• Genomes

• Genes

• Regulation

• microRNAs

• mRNAs

• Proteins

• Biological systems



The Eukaryotic Cell

DNA



Central dogma

Protein

mRNA

DNA

transcription

translation

CCTGAGCCAACTATTGATGAA

PEPTIDE

CCUGAGCCAACUAUUGAUGAA



Genes and Genomes



Genome

• A genome is an organism’s complete set of DNA 

(including its genes).

• In humans less than 3% of the genome actually encodes 

for genes. In other organisms that percentage is much 

higher.

• A part of the rest of the genome serves as a control 

regions (though that’s also a small part).

• The goal of the rest of the genome is not completely 

known (it includes non coding RNAs, control regions, 

enhancer regions, etc.) 



Comparison of Different Organisms 

Genome size Num. of genes

E. coli .05*108 4,200

Yeast .15*108 6,000

Worm 1*108 18,400

Fly 1.8*108 13,600

Human 30*108 25,000

Plant 1.3*108 25,000



Genomic DNA

Promoter Protein coding sequence Terminator

What is a gene?



Genes Encode for Proteins



Number of Genes in Public Databases



Assigning function to genes / 

proteins

• One of the main goals of molecular (and 

computational) biology.

• There are 25000 human genes and the vast majority 

of their functions is still unknown

• Several ways to determine function

- Direct experiments (knockout, overexpression)

- Interacting partners

- 3D structures

- Sequence homology

Hard

Easier



Function from sequence homology

• We have a query gene: ACTGGTGTACCGAT

• Given a database with genes with a known function, our 

goal is to find another gene with similar sequence 

(possibly in another organism)

• When we find such gene we predict the function of the 

query gene to be similar to the resulting database gene

• Problems

- How do we determine similarity?



Sequence analysis techniques

• A major area of research within computational biology.

• Initially, based on deterministic (dynamic programming) 

or heuristic (Blast) alignment methods

• More recently, based on probabilistic inference methods 

(HMMs).   



Identifying Genes in Sequence 

Data

• Predicting the start and end of genes as well as the 

introns and exons in each gene is one of the basic 

problems in computational biology.

• Gene prediction methods look for ORFs (Open Reading 

Frame).

• These are (relatively long) DNA segments that start with 

the start codon, end with one of the end codons, and do not 

contain any other end codon in between.

• Splice site prediction has received a lot of attention in the 

literature. 

In many cases cross species analysis is used to 

improve gene finding and alternative splicing 

analysis



Whole Genome Alignment



Comparative genomics





Regulatory Regions



Promoter

The promoter is the place where RNA 

polymerase binds to start transcription. This is 

what determines which strand is the coding 

strand. 



DNA Binding Motifs

• In order to recruit the transcriptional machinery, a 

transcription factor (TF) needs to bind the DNA in front of 

the gene. 

• TFs bind in to short segments which are known as DNA 

binding motifs.

• Usually consists 6 – 8 letters, and in many cases these 

letters generate palindromes.



Example of Motifs



Scer   TTATATTGAATTTTCAAAAATTCTTACTTTTTTTTTGGATGGACGCAAAGAAGTTTAATAATCATATTACATGGCATTACCACCATATACA
Spar   CTATGTTGATCTTTTCAGAATTTTT-CACTATATTAAGATGGGTGCAAAGAAGTGTGATTATTATATTACATCGCTTTCCTATCATACACA
Smik   GTATATTGAATTTTTCAGTTTTTTTTCACTATCTTCAAGGTTATGTAAAAAA-TGTCAAGATAATATTACATTTCGTTACTATCATACACA
Sbay   TTTTTTTGATTTCTTTAGTTTTCTTTCTTTAACTTCAAAATTATAAAAGAAAGTGTAGTCACATCATGCTATCT-GTCACTATCACATATA

* * ****  * *  *   ** ** *  *   **           **  ** * *    *    **   **    *  * * ** * * *

Scer   TATCCATATCTAATCTTACTTATATGTTGT-GGAAAT-GTAAAGAGCCCCATTATCTTAGCCTAAAAAAACC--TTCTCTTTGGAACTTTCAGTAATACG
Spar   TATCCATATCTAGTCTTACTTATATGTTGT-GAGAGT-GTTGATAACCCCAGTATCTTAACCCAAGAAAGCC--TT-TCTATGAAACTTGAACTG-TACG
Smik   TACCGATGTCTAGTCTTACTTATATGTTAC-GGGAATTGTTGGTAATCCCAGTCTCCCAGATCAAAAAAGGT--CTTTCTATGGAGCTTTG-CTA-TATG
Sbay   TAGATATTTCTGATCTTTCTTATATATTATAGAGAGATGCCAATAAACGTGCTACCTCGAACAAAAGAAGGGGATTTTCTGTAGGGCTTTCCCTATTTTG

**   ** ***  **** ******* **   *  *   *     *  *    *  *       **  **      * *** *    ***    *  *  *

Scer   CTTAACTGCTCATTGC-----TATATTGAAGTACGGATTAGAAGCCGCCGAGCGGGCGACAGCCCTCCGACGGAAGACTCTCCTCCGTGCGTCCTCGTCT
Spar   CTAAACTGCTCATTGC-----AATATTGAAGTACGGATCAGAAGCCGCCGAGCGGACGACAGCCCTCCGACGGAATATTCCCCTCCGTGCGTCGCCGTCT
Smik   TTTAGCTGTTCAAG--------ATATTGAAATACGGATGAGAAGCCGCCGAACGGACGACAATTCCCCGACGGAACATTCTCCTCCGCGCGGCGTCCTCT
Sbay   TCTTATTGTCCATTACTTCGCAATGTTGAAATACGGATCAGAAGCTGCCGACCGGATGACAGTACTCCGGCGGAAAACTGTCCTCCGTGCGAAGTCGTCT

**  **          ** ***** ******* ****** ***** ***  ****   * *** ***** * *  ****** ***    * ***

Scer   TCACCGG-TCGCGTTCCTGAAACGCAGATGTGCCTCGCGCCGCACTGCTCCGAACAATAAAGATTCTACAA-----TACTAGCTTTT--ATGGTTATGAA
Spar   TCGTCGGGTTGTGTCCCTTAA-CATCGATGTACCTCGCGCCGCCCTGCTCCGAACAATAAGGATTCTACAAGAAA-TACTTGTTTTTTTATGGTTATGAC
Smik   ACGTTGG-TCGCGTCCCTGAA-CATAGGTACGGCTCGCACCACCGTGGTCCGAACTATAATACTGGCATAAAGAGGTACTAATTTCT--ACGGTGATGCC
Sbay   GTG-CGGATCACGTCCCTGAT-TACTGAAGCGTCTCGCCCCGCCATACCCCGAACAATGCAAATGCAAGAACAAA-TGCCTGTAGTG--GCAGTTATGGT

** *   ** *** *      *      ***** ** *  *   ****** **     *   * **     * *             ** ***  

Scer   GAGGA-AAAATTGGCAGTAA----CCTGGCCCCACAAACCTT-CAAATTAACGAATCAAATTAACAACCATA-GGATGATAATGCGA------TTAG--T
Spar   AGGAACAAAATAAGCAGCCC----ACTGACCCCATATACCTTTCAAACTATTGAATCAAATTGGCCAGCATA-TGGTAATAGTACAG------TTAG--G
Smik   CAACGCAAAATAAACAGTCC----CCCGGCCCCACATACCTT-CAAATCGATGCGTAAAACTGGCTAGCATA-GAATTTTGGTAGCAA-AATATTAG--G
Sbay   GAACGTGAAATGACAATTCCTTGCCCCT-CCCCAATATACTTTGTTCCGTGTACAGCACACTGGATAGAACAATGATGGGGTTGCGGTCAAGCCTACTCG

****    *         *   *****     ***              * * *    *  * *    *     *           **    

Scer   TTTTTAGCCTTATTTCTGGGGTAATTAATCAGCGAAGCG--ATGATTTTT-GATCTATTAACAGATATATAAATGGAAAAGCTGCATAACCAC-----TT
Spar   GTTTT--TCTTATTCCTGAGACAATTCATCCGCAAAAAATAATGGTTTTT-GGTCTATTAGCAAACATATAAATGCAAAAGTTGCATAGCCAC-----TT
Smik   TTCTCA--CCTTTCTCTGTGATAATTCATCACCGAAATG--ATGGTTTA--GGACTATTAGCAAACATATAAATGCAAAAGTCGCAGAGATCA-----AT
Sbay   TTTTCCGTTTTACTTCTGTAGTGGCTCAT--GCAGAAAGTAATGGTTTTCTGTTCCTTTTGCAAACATATAAATATGAAAGTAAGATCGCCTCAATTGTA

* *      *    ***       * **   *  *     *** ***   *  *  **  ** * ********   ****    *              

Scer   TAACTAATACTTTCAACATTTTCAGT--TTGTATTACTT-CTTATTCAAAT----GTCATAAAAGTATCAACA-AAAAATTGTTAATATACCTCTATACT
Spar   TAAATAC-ATTTGCTCCTCCAAGATT--TTTAATTTCGT-TTTGTTTTATT----GTCATGGAAATATTAACA-ACAAGTAGTTAATATACATCTATACT
Smik   TCATTCC-ATTCGAACCTTTGAGACTAATTATATTTAGTACTAGTTTTCTTTGGAGTTATAGAAATACCAAAA-AAAAATAGTCAGTATCTATACATACA
Sbay   TAGTTTTTCTTTATTCCGTTTGTACTTCTTAGATTTGTTATTTCCGGTTTTACTTTGTCTCCAATTATCAAAACATCAATAACAAGTATTCAACATTTGT

*   *     *     *      * *  **  ***   *  *        *        *  ** **  ** * *  * *    * ***       *   

Scer   TTAA-CGTCAAGGA---GAAAAAACTATA
Spar   TTAT-CGTCAAGGAAA-GAACAAACTATA
Smik   TCGTTCATCAAGAA----AAAAAACTA..
Sbay   TTATCCCAAAAAAACAACAACAACATATA

*    *   **  *    ** **  **
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slide credits: M. Kellis

Conservation of Motifs



RNA: mRNA, microRNAs 



RNA

Four major types (one recently discovered regulatory 

RNA).

• mRNA – messenger RNA

• tRNA – Transfer RNA

• rRNA – ribosomal RNA

•microRNA – small non coding RNAs



Messenger RNA

• Basically, an intermediate product

• Transcribed from the genome and translated into protein

• Number of copies correlates well with number of proteins 

for the gene.

• Unlike DNA, the amount of messenger RNA (as well as 

the number of proteins) differs between different cell types 

and under different conditions. 



Complementary base-pairing

mRNA
label

hybridization AUGC

UACG

• mRNA is transcribed from the DNA 

• mRNA (like DNA, but unlike proteins) binds to its complement

Activators

Gene
RNAPII

TFIIH

Transcription 

apparatus
mRNA



Expression databases are 

also exploding

Growth of GenBank in the 90’s Growth of GEO in 2000’s



Comparison of expression changes 

in yeast response to drugs



Comparison of immune 

response in mice and mnkeys

 Looked for common and unique response 

patterns.

 Initial goal: core genes; genes that respond in a 

similar way to all infections in both species.



Serpinb

apol2

Pla2g

Specie – specific genes

 Gene are more 

differentiated 

among animals 

than among 

pathogens



60 new potential miRNAs (15 

for human and 45 for mouse)

• Mature miRNA were either perfectly conserved or differed by only 1 
nucleotide between human and mouse.

Weber, FEBS 2005



Interactions: Protein-protein, 

protein-DNA, genetic etc.



Protein Interaction

In order to fulfill their function, proteins interact with 

other proteins in a number of ways including:

• Regulation

• Pathways, for example A -> B -> C

• Post translational modifications

• Forming protein complexes



Other types of interactions

In addition to protein-DNA and protein-protein 

interactions there are many other physical 

interactions that are studied using cross species 

analysis. These include:

• Genetic interactions

• microRNA-mRNA interactions

• Co-expression

• etc.



Genetic interactions



Protein 

interactions in 

yeast, worms  

and flies

Sharan et al PNAS 2005



Not all 

interactions are 

well conserved …

Protein- protein 

interactions

Expression

Genetic interactions 

(positive & negative)

Highly conserved (90% 

human / mouse, 50+% 

budding and fission yeast) 

Weakly conserved (20% 

between human and 

mouse, 20% between 3 

yeasts with 85% 

sequence identify)

Weakly conserved. 

~3% conservation 

between the two 

yeasts. 

Protein- DNA 

interactions

Sequence

Weakly conserved. 15% 

between the same 

tissues in human and 

mouse

Not conserved. 

~2% 

conservation 

between the two 

yeasts.



… but those within strong modules 

usually are

Budding and fission yeast DNA replication initiation modules


