Using biological databases
to teach evolution and
biochemistry

Online tools can be
used to compare the
sequences of proteins
and understand how
different organisms
have evolved.

By German Tenorio

I n the past, scientists carried out
evolutionary analyses by compar-
ing the physical characteristics of
species — known as their phenotypes

— found in fossil records. Since the
discovery of the molecular clock, how-
ever, all this has changed. The concept
of the molecular clock emerged from
the observation that the longer the
time since two species diverged from
a common ancestor, the more different
their DNA or proteins sequences will
be (for a review, see Bromham & Pen-
ny, 2003). By comparing homologous
gene or protein sequences — in other
words, those from two organisms
with a common ancestor — you can
measure how long it has been since
the organisms diverged. This can be
visualised in a phylogenetic tree.

To examine how similar two genes
are, you need to have their sequences
and align them correctly (Koslowski,
2006). Getting those sequences used
to be really difficult, but not anymore.
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Your students have probably told
you that everything is on the Internet
— this time, they’re right. There are
many examples of freely accessible
biological databases containing real
research data on the Internet, but for
this activity we are going to use two
resources in particular.

The National Center for Biotechnol-
ogy Information (NCBI)*! in Bethesda,
MD, USA, provides access to bio-
medical and genomic information,
whereas the European Bioinformatics
Institute (EBI)*?, located in Hinxton,
UK, provides freely available data
from life science experiments and
performs basic research in computa-
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Structure of
] cytochrome ¢

tional biology. The NCBI database will
provide you with the sequence of any
gene or protein that has already been
sequenced, and then you can use tools
from the EBI to align the sequences
and analyse them.

Activity

When investigating evolutionary
relationships between different organ-
isms, it is important to choose careful-
ly which gene or protein you will use.
There are some well-known homolo-
gous genes that can be used, such as
those for the proteins hemoglobin or
cytochrome c, and in this activity we
will use the latter. Cytochrome c

Image courtesy of Klaus Hoffmeier
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is a small heme protein that is a
central component of the electron
transport chain in mitochondria. All
aerobic organisms have evolved from
a common ancestor that first used
cytochrome ¢, so it is a good choice for

Finding protein sequences

1. Go to the NCBI webpage*'.

page, select ‘protein” in the drop-
down menu.

our purposes"’. 3. Type the name of a species, e.g.
This activity is carried out in three Homo sapiens, and cytochrome c.

different sections:
1 ereltt sections: . 4. Click the search button.
- finding the amino acid sequence of

cytochrome c in different organ- 5. Anew page will list your search

isms, results. Most of them are the same

- aligning them, and sequence from different sources,
- making a phylogenetic tree.

Finally, some questions are included
to guide the investigation of evolu-

tionary relationships.

or belong to a different species
or protein. Carefully choose the

>Homo sapiens
MGDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAANKNKGIIWGEDTLMEYLE
NPKKYIPGTKMIFVGIKKKEERADLIAYLKKATNE

>Pan paniscus
MGDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAANKNKGIIWGEDTLMEYLE
NPKKYIPGTKMIFVGIKKKEERADLIAYLKKATNE

>Arabidopsis Thaliana
QTLDIQRGATLFNRACIGCHDTGGNIIQPGATLFTKDLERNGVDTEEEIYRVTYFGKGRMPGFGEKCTPR

GQCTFGPRLQDEEIKLLAEFVKFQADQGWPTVSTD

>Zea mays
MASFSEAPPGNPKAGEKIFKTKCAQCHTVDKGAGHKQGPNLNGLFGRQSGTTAGYSYSAGNKNKAVVWEE
DTLYEYLLNPKKYIPGTKMVFPGLKKPQERADLIAYLKEATA

>Aspergillus nidulans
MAKGGDSYSPGDSTKGAKLFETRCKQCHTVENGGGHKVGPNLHGLFGRKTGQAGGYAYTDANKQADVTWD
ENSLFKYLENPKKYIPGTKMAFGGLKKTKERNDLITYLKESTA
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2. In the search area at the top of the

but others can be partial sequences

correct protein of interest and click

@ Biology
@ History
@ Physics
@ Ages 16-18

Biology teachers could use
this article to link topics of
evolution biology, history of
science, biochemistry and
genetics. To make the most
of this article, it is important
that students understand
the fundamentals of DNA
and protein biochemistry.

The activity described in
the article is important for
motivating students to work
with autonomy in real re-
search using scientific da-
tabases. Inside the class-
room laboratory, students
could be guided to work
in small groups, comparing
sequences of proteins, such
as cytochrome c, or DNA,
to understand the differenc-
es between phylogenetic
and cladogram trees. Bio-
informatics is very useful
in the secondary school for
carrying out ‘content and
language integrated learn-
ing’ at different levels, with
English, history and physics
teachers in a interdiscipli-
nary project. This article,
which links these different
subjects, could also open
up discussions about the
progress and limitations of

such research.
Marina Minoli, Didactic
Expert Agora’University
Centre, Italy
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on the link underneath labelled

he European Bioi atic ‘FASTA'.
6. From the new page that loads, copy
LM B cviden Irpabi et diats frcn Ul pcionca supiarimants, ey the string of capital letters denoting
D il o M N : the sequence of amino acids. Paste

the letters into a Word document,
remember to label the sequence
with the name of the organism it
comes from.

B veocamuy Sxnlgnn sang @ wed Besorasmr -
Humrgirel Fortbarlasis

b A T, 7. Do the same for as many organisms
ikt as you desire, depending on what
e T you want to investigate with your
students. You may include differ-
ent primates to see how humans
evolved or organisms from the

five traditional kingdoms to see

Mtk Secquence Mgment i _— S - how life in general evolved. In this
e o L S SN - T R activity, 3 animals, 2 plants, 2 algae,
Lt e : a fungus and a protozoan will be
used.
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Aligning sequences
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8. Go to the European Bioinformat-
ics Institute (EBI) website"? and
click on ‘Services’. Then choose
‘proteins’.

LoT# B |

9. Click on Clustal Omega. Copy
the text from your Word docu-
ment and paste it into the text box
labelled ‘STEP 1"

10. In STEP 2, choose a format for the
alignment output, such as ‘Clustal
w/ numbers’ which will show the

e length of each sequence. Finally,

gnmant = Custal Gegs click on ‘Submit’ to complete STEP

HE'&J\'—'!J"U g:-h chustalo tEGISIE'B'ﬁ 130543- 0020 PEGEISTT oy 3.
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11. The alignments for the multiple
sequences will appear in a new
L e ————— window. The first thing you can
do is click to show colours. This
option will give the same colour to
each amino acid, so it is easier to

Downlosd Alignmant Fils| | mide Colors || Send to Clustalz_Shylageny

E'uw'ﬂ' :4-:WI~-F"=:L'= identify them.

o m“mm,;“{“_,*;""““ O rtorran 12. To analyse the alignment, keep the

r T 5 LTSRN _n.. i . . :
i " following symbols in mind: an as-
& us ¥ T e "":ﬁ‘d“'ﬂ"b‘l - it .
- e — e terisk (*) means that the sequences
'-.. ..;“\. il - ::r@":-rﬂ.':'ﬂ...........,ﬁ 4 r K i .
= T e e are identical at that position;
B S i a colon (:) indicates conserved

substitutions (same colour group);
and a period (.) refers to semi-
conserved substitution (similar
shapes). Colours group the amino

www.scienceinschool.org




Clustal Omega

Show & Pryglogram Trae | Shos Dotances
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acids by characteristics. Red are
small, hydrophobic, aromatic; blue
are acidic; magenta are basic; green
are hydroxyl, amine, amide, basic;
and gray are the rest.

13. If you click on the option ‘Re-
sult Summary’, you can see the
percentage of identity conserved
between the different organisms
after the alignment. In this matrix,
you can find out the percentage
identity of two organisms for the
sequence of protein cytochrome
c. In addition, if you have Java™
installed in your computer, you
can use Jalview, a free program
for multiple sequence alignment
editing, visualisation and analysis.
With Jalview, you will be able to
see the consensus sequence for
cytochrome c and the level of con-
servation for the different amino
acids.

Clustal Omega software has many
different options that involve more so-
phisticated mathematical knowledge

www.scienceinschool.org

than is necessary for our purposes. If
you want to know more about the use
of Clustal Omega, see the article by
Sievers et al. (2011).

Making a Phylogenetic tree

14. In the Clustal Omega results, click
on ‘Phylogenetic tree’ at the bot-
tom (you will need to have Java™
installed).

15. You can obtain a phylogenetic or
cladogram tree. In a cladogram,
the lengths of the branches in the
tree are arbitrary, whereas in a
phylogenetic tree, the lengths of
the branches indicate how much
the protein has evolved over time.

For further discussion

1. Homologous molecules are an
example of divergent evolution.
How can you explain divergent
evolution using cytochrome c?

2. Alignments can be made using
nucleotide (genes) or amino acids
(protein) sequences. Why do

Teaching activities

you think it is more useful to use
protein rather than DNA in order
to analyse evolutionary relation-

ships?

3. In phylogenetic trees, a ‘clade’ is
formed by all organisms that have
a common ancestor. Give an exam-
ple from your cladogram.

4. What organisms have suffered a
speciation event more recently,
according to phylogenetic
analyses of cytochrome ¢? What
is the total number of speciation
events?

5. Why do you think some amino
acids have changed due to muta-
tion but not others? Do you think
that conserved amino acids have
not changed because their codons
have not undergone any mutations
at all?

6. Show some of these conserved
amino acids in your alignment.
Investigate their function on the
Internet.
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Glossary

Cladogram: A branched diagram that shows the evolutionary relation-
ship between species, with arbitrary branch lengths.

Consensus sequence: A known set of conserved sequences, or the cal-
culated order of the most frequent amino acids found at each position
in a sequence alignment.

Conserved amino acid: A sequence of amino acids in a polypeptide
that is similar across multiple organisms.

FASTA: a text-based format for representing nucleotide or peptide se-
quences using single-letter codes. A sequence in FASTA format begins
with a single-line description, followed by lines of sequence data. The
description line is distinguished from the sequence data by a greater-
than (>) symbol.

Homologous protein: Those proteins shared by some organisms that
are derived from a common ancestor.

Phylogenetic tree: A branched diagram that shows the evolutionary
relationship between species, where branch lengths indicate the dif-
ference between the two proteins or genes.

Speciation event: The moment at which an ancestral species diverges
into new species.

articles on the the Science in School
website: www.scienceinschool.org/
biology

fornia’s Museum of Paleontology
offers very good information about
building and reading phylogenetic
trees. See: http:/ /evolution.
berkeley.edu

Web references

w1 — The US National Center for
Biotechnology Information provides
access to biomedical and genomic

information. See: www.ncbi.nlm.
nih.gov

w2 — The European Bioinformatics
Institute provides freely available
data from life science experiments,
performs basic research in com-
putational biology and offers an
extensive user training programme,
supporting researchers in academia
and industry. See: www.ebi.ac.uk

w3 — John Kimball has written an on-
line biology textbook called “Taxon-

omy: Classifying Life’. For a chapter

on ‘Phylogenetic trees’, see:
https:/ /tinyurl.com/2wqp7nq
Resources

The ‘Understanding Evolution” web-
site from the University of Cali-
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To learn more about the use of
cytochrome c in phylogenetic trees,
see: http:/ /bit.ly /11c0qiy

The Protein Data Bank website in
Europe belongs to the European
Bioinformatics Institute and can be
used for searching and viewing the
3D structure of cytochrome c. See:
www.ebi.ac.uk/pdbe/

The Tree of Life website allows you
to explore interactively and watch

the Tree of Life television series that

aired on the BBC with Sir David
Attenborough. See: www.
wellcometreeoflife.org/interactive /

If you found this article interesting,
please browse the other biology
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use this code, see
page 57.
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