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Some teachers in FoB 
 
•  Nicola Bonzanni – PhD (1/11/07)  

•  Anton Feenstra - UD (1/09/05) 
 
•  Mohammed El-Kebir – PhD (1/06/10) 
 
•  Sanne Abeln – UD (1/11/09) 

•  Jaap Heringa – Hgl (1/10/02) 

•  Punto Bawono – PhD (1/06/11) 

•  Paul Groth – PD Semantic Web VU   
    (guest lecturer) 

  
 

 



Gathering knowledge 

•  Anatomy, architecture 

•  Dynamics, mechanics  
  

•  Informatics 
–  (Cybernetics – Norbert Wiener, 1948)  

 (Cybernetics has been defined as the science of control in 
machines and animals, and hence it applies to technological, 
animal and environmental systems) 

–  Genomics, bioinformatics, systems biology 
 

Rembrandt, 
1632 

Newton, 
1726 
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Bioinformatics 
“Studying informational processes in biological 

systems”  (Pauline Hogeweg, early 1970s) 
•  No computers necessary 
•  Back of envelope OK 

Applying algorithms with mathematical formalisms in  
biology (genomics)  
Hazardous: biology and biological knowledge is crucial for making  
meaningful analysis methods!  

“Information technology applied to 
the management and analysis of 
biological data” (Attwood and Parry-
Smith)  



How does information come 
in? 

•  Modeling a lion leaving its territory 
due to food shortage 

•  Prey density? What does this mean for 
the lion? 

•  #prey/area? 
•  What else? 



The starting point: the cell 
Prokaryotes: Bacteria and Archaea bacteria 
•  DNA ‘floats’ freely in the cell 
•  No organelles (mitochondria, chloroplasts) 
 
Eukaryotes: remaining species (plant, animal, 
fungus, protists, etc.) 
•  DNA in a compartment: nucleus, nucleolus 
•  Contain organelles (e.g. mitochondria, 

chloroplasts in plants, Golgi system, 
lysosomes) 



A bacterial cell 



A eukaryotic cell 



Phylogenetics – the tree of life 

Organisms are related through their evolutionary history, which can be traced using 
their genetic material 



The modern (interactive) tree of life 

Letunic I and Bork P (2007) Bioinformatics 23(1):127-8 Interactive Tree Of Life 
(iTOL): an online tool for phylogenetic tree display and annotation 

Tree Of Life v1.0 (Ciccarelli FD, et al., Science.; 
2006 Mar 3. 311(5765): 1283-7) 

One of the main 
issues was cleaning 
up the tree by 
fitering out 
horizontally 
transferred genes in 
order to base the 
phylogeny on 
orthologous genes 
only 



Multicellular organisms: 
Development of a zygote into a mature 

organism: many questions remain! 



What makes a biological species: how are 
differences generated and what are the 

consequences of these differences? 
•  What is causing the difference between species? 

How do species arise? 

•  What is causing the difference between members 
of a population? 



What makes us human? 

Olson and Varki (2002) 
Nat Rev Gen 4: 20-28 

Look at our nearest neighbor: 
Chimpanzee 
 
•  Differences in gene expression 
•  Positive selection for certain 

genes (e.g. HAR1 in the brain) 
•  Gene duplications 
•  Differences in ‘non-coding’ 

sequences 
•  Several other events 

See: Khaitovich et al. ‘Evolution of primate 
gene expression’ Nature Rev. Genetics: 
Sept 2006 issue 



The human brain and the HAR1 gene  
And the award for the fastest-evolving piece of human DNA 
goes to... 
 

Out of 35,000 non-coding genes, 49 candidate segments have evolved a lot in the human lineage. The most 
drastically altered of all is a segment dubbed HAR1 (for human accelerated region 1). It is 118 base pairs 
long. Chimpanzees and chickens, separated by over 300 million years, carry versions of HAR1 that 
are identical except for two base pairs. In humans, on the other hand, 18 out of 118 base pairs have 
changed since we split from chimps. 
 
Human cells make RNA molecules out of the HAR1 segment. Specifically, brain cells express HAR1 in the 
cortex, the hippocampus, and certain other regions. The sequence of HAR1 suggests that an RNA 
molecule produced from it would be stable enough to carry out some important job, such as regulating the 
activity of protein-coding genes. HAR1 probably plays several roles. It is not just active in the adult brain, but 
in development-guiding cells in the fetus. 
 
HAR1, is part of a novel RNA gene (HAR1F) that is expressed specifically in Cajal–Retzius neurons in the 
developing human neocortex from 7 to 19 gestational weeks, a crucial period for cortical neuron 
specification and migration. HAR1F is co-expressed with reelin, a product of Cajal–Retzius neurons that is of 
fundamental importance in specifying the six-layer structure of the human cortex. HAR1 and the other 
human accelerated regions provide new candidates in the search for uniquely human biology.  
 
However, HAR1 is also active in the ovary and testis of adult humans. Perhaps selection has acted on 
HAR1 in connection with reproduction, rather than with thought, although expression of HAR1 is far smaller 
in the sex cells than in the brain. Still, it's a strange point that may be worth raising at your next party: we 
have genes that are only active in our brains and sex cells.  
 
Pollard et al. (2006) Nature 443, 167-172  



The human brain and the HAR1 gene   
Recent evidence points at biased gene conversion (BGC) to 
explain the divergence of human accelerated region 1.  
•  BGC speeds up the rate of evolution in certain genes. This 

process increases the rate at which certain mutations spread 
through a population, regardless of whether they are beneficial 
or harmful. 

•  BGC is thought to be strongest in regions of high 
recombination, and can cause harmful mutations to spread 
through populations. Many of the genetic changes leading to 
human-specific characters may be the result of the fixation of 
harmful mutations. This contrasts the traditional Darwinistic 
view that they are the result of natural selection in favour of 
adaptive mutations. 

Gene conversion  is a process by 
which DNA sequence information is 
transferred from one DNA helix 
(which remains unchanged) to 
another DNA helix, whose sequence 
is altered. It is one of the ways a 
gene may be mutated. Gene 
conversion may lead to non-
Mendelian inheritance  



Gene Conversion 
•  Conversion of one allele to the other due to base mismatch repair during 

recombination:  
–  if one of the four strands during meiosis pairs up with one of the four strands of a different 

chromosome, as can occur if there is sequence homology, mismatch repair can alter the 
sequence of one of the chromosomes, so that it is identical to the other. 

–  Gene conversion can result from the repair of damaged DNA as described by the Double 
Strand Break Repair Model. Here a break in both strands of DNA is repaired from an intact 
homologous region of DNA. Resection (degradation) of the DNA strands near the break site 
leads to stretches of single stranded DNA that can invade the homologous DNA strand. The 
intact DNA can then function as a template to copy the lost DNA.  

•  Gene conversion acts to homogenize the DNA sequences composing the 
gene pool of a species. Over time, gene conversion events lead to a 
homogenous set of DNA sequences, both for allelic forms of a gene and for 
multi gene families.  

–  Interspersed repeats act to block gene conversion events, thus catalyzing evolution of new 
genes and species. 

•  Gene conversion has medical implications: 
–  Gene conversion resulting in mutation of the CYP21A2 gene is a common underlying genetic 

cause of congenital adrenal hyperplasia. 
–  Somatic gene conversion is one of the mechanisms that can result in familial retinoblastoma, a 

congenital cancer of the retina. 
–  It is theorized that gene conversion may play a role in the development of Huntington's Disease. 

•  Conversely, biased gene conversion leads to accellerated mutation rates (see 
preceding slide). It happens primarily in recombination-prone areas. 

 



Important questions in biology are dealing 
with the decoding of the ‘information’ that 

resides in the genetic material. 
How can this……      …lead to this? 

DNA: Genotype         Phenotype 



.....acctc ctgtgcaag acatgaaaca cccgatttac 
nctgtggttc cccagatgg gtcctgtccc aggtgcacct 
gcaggagtcg gcccaggac tggggaagcc tccagagctc 
aaaaccccac tggtgacac aactcacaca tgcccacggt 
gcccagagcc aaatcttgt gacacacctc ccccgtgccc 
acggtgccca agcccaaat cttgtgacac acctccccca 
tgcccacggt cccagagcc caaatcttgt gacacacctc 
ccccgtgccc cggtgccca gcacctgaac tcttgggagg 
accgtcagtc tcctcttcc ccccaaaacc caaggatacc 
cttatgattt ccggacccc tgaggtcacg tgcgtggtgg 
tggacgtgag cacgaagac cctnnngtcc agttcaagtg 
gtacgtggac gcgtggagg tgcataatgc caagacaaag 
ctgcgggagg gcagtacaa cagcacgttc cgtgtggtca 
gcgtcctcac gtcctgcac caggactggc tgaacggcaa 
ggagtacaag gcaaggtct ccaacaaagc aaccaagtca 
gcctgacctg ctggtcaaa ggcttctacc ccagcgacat 
cgccgtggag gggagagca atgggcagcc ggagaacaac 
tacaacacca gcctcccat gctggactcc gacggctcct 
tcttcctcta agcaagctc accgtggaca agagcaggtg 
gcagcagggg acatcttct catgctccgt gatgcatgag 
gctctgcaca ccgctacac gcagaagagc ctctc.....  

DNA sequence 
OH BRAD,THEY SAY THERE’S 

DNA IN MY BODY! 

WHO CARES, 
DARLING, ...WHO CARES... 



DNA as an information carrier 

 
•  Stable at room temperature: DNA can last for hundreds of 

thousands of years (Neanderthals 40,000 BC, ‘Denisovan’ human 
700,000-200,000 BC) 
 

•  Efficient:  
•  Theoretical limit: Store 1 zettabyte (1 billion TB) in 1 gram of 

DNA 
•  Total world information (about 2 zettabytes) in 4 gram DNA 
 

•  Usable: 
•  Organisms do this well 
•  Next-generation Sequencing (NGS) and analysis techniques 

bring reading and using the information artificially within reach. 
 

George Church’s textbook stored in DNA; see http://
wyss.harvard.edu/viewpage/381/ 



Wrapping up  
•  Statics (anatomy), dynamics (mechanics) and informatics 
•  What is bioinformatics, how is it positioned 
•  The cell, bacterial, archaeal and eukaryotic cells 
•  The role of information in life, analysis and modeling 
•  Cell organelles, origin of mitochondria and chloroplasts 
•  DNA, evolution 
•  Differentiation, speciation, population genetics 
•  What makes us human – the HAR gene: Darwinian selection or GC-

biased Gene Conversion? 
•  DNA as a fantastic storage medium 

 


