The Contribution of Bioinformatics
to Evolutionary Thought

A demonstration of the abilities of Entrez, BLAST, and UCSC’s Genome
Browser to provide information about common ancestry.
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1
Biological evolution is the central organizing principle of modern

biology...modern chimpanzees, other great apes, and humans are

descended from a common ancestor that 1S now extinct.
79

-U.S. National Academy of Sciences,
Science, Evolution, and Creationism (2008)




The history of evolutionary thought with regards to
common ancestry dates back to 1698...

...when the English anatomist Edward Tyson acquired the remains
of a chimpanzee, and published his astonishment at the anatomical
similarity between the chimpanzee and a human.




Pierre-Louis Moreau de Maupertuis, 1745

Maupertuis’ Vénus Physique is an early attempt at a
materialistic explanation of the origin of species,
suggesting that natural variation and selection give

rise to function.

Immanuel Kant, 1790

Wrote that the “analogy of animal forms” implies a common original type.




Charles Darwin published On the Origin of Species in 1859

Sixty years after his grandfather posed the question of common ancestry.

L Therefore | should infer from analogy that probably all the organic beings
which have ever lived on this earth have descended from some one primordial
form, into which life was first breathed.

-Darwin, On the Origin of Species, 1859




Since then, biologists have discovered that...

...all life forms share the same fundamental biochemical organization:

It is such similarities that have prompted bioinformaticians to meticulously compare sequences,
pseudogenes, and repeated sequences in the genomes of humans and chimpanzees.




Even more recently, the field of bioinformatics has begun to
contribute to the search for answers...

 In 2002, Ebersberger et al. aligned 1.9 million nucleotides of chimpanzee DNA with the
human genome, and found a difference of a mere 1.24%.

* In 2003, Lie et al. compared 4.97 million nucleotides of human DNA from chromosome 7
to the corresponding chimpanzee DNA, and found that the sequences differed by 1.13%.

» The publication of a rough draft of the chimpanzee genome, also in 2003, provided even
greater evidence for the similarity between chimpanzees and humans.

The entire sequence differs from the human genome by 86-89% (Tomkins, 2011);
this statistic is a matter of live debate, and fluctuates regularly in the literature.




Using bioinformatics, we can examine the arguments

for/against common ancestry for ourselves.

*This is an informational talk, I will not draw conclusions about the strength of the data.
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Example: Human Chromosome 2

* The structure of human chromosome 2 resembles the structure one might see if
chimpanzee chromosomes 2a and 2b were fused together.

o Scientists accept that there is good evidence that chromosome 2 is composed of
two fused chromosomes.

Regardless of the plausibility of a fusion event...

How similar are the genes on human chromosome 2 to
those on chimpanzee chromosomes 2a and 2b?

PAX3 is a gene that belongs to the paired-box family of transcription factors, located
on human chromosome 2, and chimpanzee chromosome 2b.

 Associated with ear, eye, and facial development.




Entrez BLAST

A tutorial

“Entrez is NCBI’s [National Center for Biotechnology Information] primary text search
and retrieval system that integrates the PubMed database of biomedical literature with 39
other literature and molecular databases including DNA and protein sequence, structure,
gene, genome, genetic variation and gene expression.”




Entrez BLAST

A tutorial




Entrez BLAST

A tutorial




Entrez BLAST

A tutorial




A BLAST comparison of the protein sequences vields...

The query and the subject sequences are identical.
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UCSC’s Genome Browser

A tutorial

This site contains the reference sequence and working draft assemblies for a large
collection of genomes.




UCSC’s Genome Browser

A tutorial




Example: GULOP (pseudogene)

Darwinian scientists claim that much non-coding DNA is functionless “genetic flotsam
and jetsam” (i.e., junk) that has accumulated many random mutations.

Pseudogenes, genes that have lost their protein-coding ability, are often called “junk DNA”.

"At face value, pseudogenes hardly seem like genomic features that would be
designed by a wise engineer....given the relative ease of origin of pseudogenes, their
persistence in genomes is understandable in the light of evolutionary reasoning."

-John C. Advise

(From John C. Avise, Inside the Human Genome: A Case for Non-Intelligent Design [Oxford University Press, 2010, pp. 115-6])

Using Genome Browser:

A gene that presumably encoded the L-gulono-y-lactone oxidase enzyme in primates
(GULO) exists as a pseudogene (GULOP) in both humans and chimpanzees...




UCSC’s Genome Browser

A tutorial







A BLAST comparison of the two sequences reveals a high
sequence similarity, though the two are not identical:
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Example: Alu Sequence (AluSg2)

Alu sequences are mobile genetic elements that appear to insert into the genome at random...

The vast majority of them are found in identical locations in the human
and chimp genomes, which strongly suggests they were inserted in the
common ancestor of humans and chimpanzees before they diverged.

Using Genome Browser:

AluSg2 is an SINE located in the SPTLCZ2 gene in humans...




Example: Alu Sequence (AluSg2)




Example: Alu Sequence (AluSg2)




Example: Alu Sequence (AluSg2)




In the new age of technology, bioinformatics has become
the battleground of choice for evolutionary biologists...

The field is a collaborative effort among scientists all over the globe, and provides a wealth of
information about comparative genomics:

 Blogs
o Articles
e Papers

Yet the plethora of genetic information about common
ancestry already available is only just the beginning...
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A List of Useful Databases

 NCBI

- PubMed

- Entrez
- BLAST

 Ensembl (European)

e UCSC’s Genome Browser




LL
Genetic mechanism in all its happenstance has produced the genetic basis
of humanness. Genetics describes the process, ordained and upheld by God,

to make the creature that expresses God’s ‘image and likeness’... .

-Graeme Finlay
(emphasis added)







