Section 3

Section 3 Comparative Genomics and Phylogenetics

At the end of this section you should be able to:

*  Describe what is meant by DNA sequencing.

*  Explain what is meant by Bioinformatics and Comparative Genetics.
» Carry out a task using Bioinformatics

*  Complete your own Phylogenetic tree using on-line software.

3.1 DNA Sequencing

So what is the next step after Gel Electrophoresis?

Well, if your samples are of good quality with a sufficient concentration of DNA, the samples
can undergo DNA sequencing, a technique by which the exact order of nucleotides within a
DNA molecule can be determined. The process has come a long way since the initial manual
2-D chromatography methods were developed and today, automated procedures are used which
have the advantage of speeding up turnaround times. When you send your sample of DNA
away for analysis, the sequencing result that you get back may look something like this:
ATGACCAACATTCGAAAATCTCACCCCTTAATAAAAATTATTAACAGCTCATTTATTGACCTCCCTGCCCCATCAAACATTTCATCTTGATGAAACTTTGGATCTCTCCTAG
GAATTTGCTTAGCACTACAAATTTTAACAGGACTATTTCTAGCTATACACTACACATCAGACACCACAACAGCTTTTAACTCTGTCACCCATATTTGCCGAGATGTAAACTAT
GGTTGAGTTCTACGCTACTTGCATGCAAATGGAGCCTCCATATTTTTTATCTGCCTATATCTCCATGTAGGACGGGGCCTTTACTATGGGTCCTATATATATACAGAAACCTG
AAATATCGGAGTTATTCTATTATTTGCTGTAATAGCAACAGCCTTTATAGGATATGTACTTCCATGAGGACAAATGTCTTTCTGAGGAGCAACAGTAATTACCAACCTGCTCT
CTGCAATTCCGTACATTGGAACAGACCTTGTAGAATGAATCTGAGGCGGCTTCTCTGTTGACAAAGCTACTTTGACCCGATTCTTTGCCTTTCACTTTTTACTCCCATTTA
TTATTGCAGCCATAGTCATAGTCCACCTCCTATTTCTTCACGAAACCGGATCCAATAACCCAACAGGAATCCCCTCCAACGCTGATATAATCCCCTTCCACCCCTACTATAC
AATTAAAGACATTCTTGGCCTGCTATTAATAATTACAGTCCTACTCATACTAGTACTATTCTCCCCCGACCTGCTAGGAGACCCTGACAACTACACACCAGCGAACCCACTAA
ACACCCCTCCCCATATCAAACCGGAATGGTACTTTTTATTCGCATATGCAATTCTACGATCAATTCCAAACAAACTAGGAGGAGTGTTAGCCCTAGTACTATCAATCCTTATT
CTAATTATCATTCCCCTACTCCACACCTCCAAACAACGCAGCATAACTTTTCGTCCCTTAAGCCAGTGCCTATTCTGACTATTAACAGCAGATCTATTCACTCTAACATGAAT

CGGAGGACAGCCCGTCGAACATCCATATGTCATCATTGGCCAACTAGCATCAATTCTTTATTTTTCTATTATCATTATCCTAATACCACTTATTAGCCTGATAGAGAACCACCT
ACTAAAATGAAGA

So what do all these letters mean and what can we do with this information?

All of the genes that have been sequenced are sent to a central database which acts like a huge
library. Therefore, when you get your sequencing result like the one above, you can compare it
against known results in the database and look for similarities and difterences.

To do this manually would take a very long time and a lot of patience. Thankfully, we can use
Bioinformatics. By using software known as BLAST (Basic Local Alignment Search Tool),
the unknown or query sequence can be compared and contrasted against a database of known
sequences in a matter of seconds.

Please note that the following tasks do not require any software to be downloaded onto your
computer. All of the programmes are available online. To find out what species of bat the above
unknown sequence (in blue) belongs to, you can use BLAST as follows:

Logonto:  http://blast.ncbi.nlm.nih.gov/Blast.cgi

(cont...)
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3.1 DNA Sequencing

Scroll down the page and click on nucleotide blast.

Basic BLAST
Choose a BLAST program to run.

| Search a nucleotide database using a nucleotide query

nuclactide blast X =
[ Algorithms: blastn, megablast, discontiguous megablast

Search protein database using a protein query
Algorithms. blastp, psi-blast, phi-blast, delta-blast

protein blast

blastx | Search protein database using a translated nucleotide query
I
thlastn | Search translated nucleotide database using a protein query

thlastx | Search translated nucleotide database using a translated nucleotide query

Copy and paste the sequencing results (provided by your teacher) into the space provided in
‘Enter Query Sequence’

» NCBU BLAST/ blastn suite Standard Nucleotide BLAST
J blastn blastp blastx thlastn thlastx |
Enter Query Sequence BLASTN programs search nucleotide databases using a nucleotide query. more... Reselpage Bookmark
Enter i ), gi(s), or FASTA (s) & Clear Query subrange &/
TCG
CTGGGGCTCCCAATATT: TraTcaaTTTCCAATCCTCCARTTATA A FOm[ ]
[ATA
GGTATAACTAT TTATAAT; GCATGAGCTGIRACATCT v 70:]
Or, upload file Browse... &

Job Title l

Enter a descriptive fitle for your BLAST search &
[Tl Align two or more sequences &

Scroll down the page and click ‘Somewhat similar sequences’. Then click BLAST.

Program Selection

Optimize for O Highly similar sequences (megablast)

© More dissimil (discontiguous blast)

® Somewhat similar sequences (blastn)
Choose a BLAST algorithm &)

Search database Nucleotide collection (nr/nt) using Blastn (Optimize for somewhat similar sequences)

[] show results in a new window

(¥) Algorithm parameters

You'll need to wait for a few minutes while the programme is running and it is important not
to refresh the page or hit the back arrow during this time.

'The results will look something like this:

< BLAST® myNCEI  ©
~ | Home || Recent Results Saved Strategies  Help [Sign In] [Register]
» NCBI/ BLAST/ blastn suite/ Formatting Results - WWFBWNNE014
Edit and Resubmit Save Search Strategies > Formatting options  Download Youllllij How to read this page  Blast report description

4 sequences (gi|58197976|gbAY665168.1| Myotis...

lts for: | 1:1c1|35590 gi|58197976/gblAY665165.1| Myotis brandtii isolate br_gb cytochrome b (cyth) gene, complete cds: mi...(1140bp) V| (]

RID WWFBWNNEQ14 (Expires on 07-23 18:31 pm)

Query ID Icl|35590 Database Name nr
Description gi|58197976|gb|AY665168.1| Myotis brandtii isolate Description Nucleotide collection (nt)
br_gb cytochrome b (cytb) gene, complete cds; Program BLASTN 2.2.29+ P Citation

mitochondrial
Molecule type nucleic acid
Query Length 1140

Other reports: & Search Summary [Taxonomy reports] [Distance tree of results]
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3.1 DNA Sequencing

Distribution of 100 Blast Hits on the Query Sequence &

[Mouse-over to show defline and scores, click to show alignments |

Color key for alignment sScores
<40 40-50 50-80 80-200 *=200
ey ________________|
| I | | | 1
1 200 400 600 200 1000
Description L5 P Gl 12 Ident  Accession

score score cover value
[] Myotis brandtii cytochrome b (cytb) gene, complete cds: mitochondrial gene for mitochondrial produ 2057 2057 100% 0.0 100% AF376844.1
O tis brandtii isolate 21 hrome b ) gen: jete cds: mitochondial 2051 2051 100% 0.0 99% AY865139.1

[ Myotis brandtii mitochondrial cytb gene for cytochrome b, specimen voucher NMP PB 916 (Nat Mur 2042 2042 100% 0.0 99% AM261886.1

[0 Myotis keaysi voucher JAG 286 cytochrome b (cytb) gene, complete cds; mitochondrial 1492 1492 100% 00 89% JX1305251
[] Myotis keaysi voucher TK 13526 cytochrome b (cytb) gene.complete cds: mitochondrial 1483 1483 100% 00 89% Jx1304491

[] Myotis keaysi cytochrome b (cyth) gene. complete cds: mitochondrial gene for mitochondrial produc 1480 1480 100% 00 89% AF3768521
[0 Myotis mystacinus mitochondrial cytb gene for cytochrome b, complete cds, specimen voucher OC 1471 1471 100% 0.0 89% AB106605.1
[0 Myotis sp. KK000S5 mitochondrial cytb gene for cytochrome b, complete cds specimen voucher, Kk 1462 1462 100% 0.0 88% AB106609.1
[0 Muyotis cf_albescens voucher TK 101478 cvtochrome b (cyth) gene, complete cds: mitochondrial 1452 1452 100% 0.0 88% JX1304801

[ Myotis ef._albescens voucher TK 101723 cytochrome b (cytb) gene. complete cds: mitochondrial 1452 1452 100% 0.0 B88% JxX130479.1

[] Myolis atacamensis mitochondrial cyib gene for cytochrome b, specimen voucher MVZ 168933 (Mu 1447 1447 100% 0.0 88% AM2618821

M1 Muntic #f vimanancic unichar TK 42522 rutachrama h (ruth) nana. comnlota rrics mitachandrial - 1443 1443 100% 00 8R8% .IX13n4831
So what do these results mean?

There are three important parameters that you need to look at:

1. 'The E value: This is a mathematical calculation and gives the probability of the result being
a false match. What you are looking for here is a result of zero.

2. Ident: This is the percentage of nucleotides matching between your query sequence and the
results in the database. Here you are looking for 100% for an exact match to an unkown
species. If you do not know what your gene does, even Ident of 70% or above can still help
you figure out your gene’s function.

3. Query cover: This tells you how much of the sequence length has matched you query.
Again, ideally you are looking for 100%.

Note: The accession number is the unique identifier as- @

signed to each gene in the database.

So from the above table it can be deduced that our unknown bat gene has been identified as
belonging to the Myotis brandtii species.
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3.1 DNA Sequencing

QO

STUDENT TASK:

While the bats native to Ireland eat only insects, some bats in other parts of the world
eat fruit or other animals such as frogs. It is possible to extract DNA from bat faeces (e.g.
poop, droppings) to help figure out what the bat’s diet consists of. Your task is to use the
software tools to analyse bat faeces. By doing this you should be able to find out what
these bats ate for dinner. Good Luck!

A sample of bat droppings which can be used for analysis of bat diet

Let’s get started - log on to:
http://blast.ncbi.nlm.nih.gov/Blast.cgi
Scroll down the page and click on nucleotide blast.

Basic BLAST

Choose a BLAST program o run.

nucleotide blast Search a nucleotide database using a nucleotide query
Algorithms: blastn, megablast, discontiguous megablast

Search protein dalabase using a protein query
Algorithms: blastp, psi-blast, phi-blast, delta-blast

blastx | Search protein database using a translated nucleotide query
thlastn | Search translated nucleotide database using a protein query

thlastx | Search translated nucleotide database using a translated nucleotide query

Cut and paste the gene for unknown bat food 1 into the space under ‘Enter Query Se-
quence’ (your teacher will provide this).

N
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3.1 DNA Sequencing

QO

\

STUDENT TASK (cont...):

o BLAST®
-
Home  RecentResults | Saved Strategies Help
» NCBI/ BLAST/ blastn suite Standard Nucleotide BLAST
_[blnm_ blastp | blastx | thiastn | thlastx |
T BLASTN programs search nucleotide databases using a nucleotide query. more... Beseloae  Bookmark
Enter i gi(s), or FASTA @ Clear Query subrange &
Tce
CATATCTGGGGCTCCCAATATT: satcaaTrTecamaTcercamaTzama A Fom[ ]
laTa
TATAACTAT; TTATARTAARAGCATGAGCIGTAACATCT v o[ ]
I
Or, upload file Browse . | @
Job Title

Enter a descriptive fitle for your BLAST search @

[JAlign two or more sequences &

Scroll down the page and click ‘Somewhat similar sequences’. Then click BLAST.

Program Selection
Optimize for O Highly similar sequences (megablast)
© More dissimilar sequences (discontiguous megablast)

® Somewhat similar sequences (blastn)
Choose a BLAST algorithm &

Search database Nucleotide collection (nrint) using Blastn (Optimize for somewhat similar sequences)

[] show results in a new window

(#)Algorithm parameters

You'll need to wait for a few minutes while the programme is running and it is important
not to refresh the page or hit the back arrow during this time.

The results will look something like this:

- BLAST® My NCBI
~ | Home || RecentResults || Saved Strategies || Help Sian In) Regis
» NCBI/ BLAST/ blastn suite/ Formatting Results - WZKZ6EV5014
Edit and Resubmit Save Search Strategies > Formatting options  Download YoullfIT) How to read this page  Blast report description
gene from unknown bat food 1

RID WZKZ6EV5014 (Expires on 07-24 23:08 pm)
Query ID Id|61415 Database Name nr
Description gene from unknown bat food 1 Description Nucleotide collection (nt)
Molecule type nudleic acid Program BLASTN 2.2.29+ P Citation
Query Length 820

Other reports: & Search Summary [T: reports] [Distance tree of results’

And if you scroll to the bottom of the page you will see the following table:

Description :i:; ::;ra; (C)::z Vilio Ident  Accession
[ Musa acuminata subsp.zebrina ribosomal protein S16 {rps16) gene. intron: chioroplast 1480 1480 100% 0.0 100% FJ4281391
[0 Musa rubra protein S16 (1ps16) gene, intron; chioroplast 1460 1460 100% 0.0 99% FJ4281321
[J Musa acuminata subsp chioroplast complete genome, CIRAD:930 1449 1449 100% 0.0 99% HF677508.1
[ Musa rosea ribosomal protein S16 (rps16) gene, intron: chioroplast 1449 1449 100% 0.0 99% FJ4281311
] Musa textilis piastid. complete genome 1433 1433 100% 00 99% KF601567.1
[ Musa yunnanensis ribosomal protein $16 (rps16) gene, intron; chiproplast 1425 1425 100% 0.0 99% FJ4281431
[J Musa iaterita ribesomal protein S16 (rps16) gene intron: chioroplast 1424 1424 97% 0.0 99% FJ4281361
[0 Musa banksii ribosomal protein S$16 (rps16) gene, intron; chioroplast 1411 1411 97% 0.0 99% FJ4281381
[0 Musa acuminata subsp. burmannica ribosomal protein S16 (rps 16) gene, intron; chioroplast 1409 1409 97% 0.0 99% FJ4281351
[0 Musa siamensis rivosomal protein S16 (rps16) gene. intron: chioroplast 1409 1409 96% 00 99% FJ4281341

W
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3.1 DNA Sequencing

STUDENT TASK (cont...):

Now use the internet to find out the common name for Musa acuminata. This will give
you some information about the diet of this bat.

Question: Is this an Irish bat?
Repeat the exercise using gene for unknown bat food 2 and complete the table.

Question: Is this an Irish bat?

gene for unknown bat food | gene for unknown bat food 2

Scientific name for food found in Musa acuminata
bat faeces

Common name for food found
in bat faeces

This bat has a diet that consists
of:




3.2 Phylogenetics

3.2 Phylogenetics

Phylogenetics is the study of how different species are related. We can say that phylogenetics is
looking back in the evolutionary time to trace the history of species or a group of species. This
evolutionary history of a group of organisms can be represented in a diagram called a phyloge-
netic tree.

Let’s plant a phylogenetic tree

What is a phylogenetic tree? Well, have you ever seen a family tree? Or perhaps you had to
prepare a genealogical tree of your family for some school project before? Actually, a phyloge-
netic tree is a quite similar. Family tree shows how family members are related to each other — it
includes both really close relatives (like your mum and dad) and more distant ones (like this

far cousin living in Australia, who you've never met). A phylogenetic tree, on the other hand,
presents how different species are related to each other (who is our closer relative: monkey or a
horse?).

Royal baby,
meet the relatives

Roll over or click a member of
the royal family to learn more

This family tree presents the history of British royal family.
Screenshot from http://edition.cnn.com

IBsa s
[ = -

Chicken
Mouse
All images used: public domain via
Wikimedia Commons
Human

Phylogenetic tree! It shows how different organisms are related.
Are humans more closely related to fish or frog?




3.2 Phylogenetics

When you prepare a family tree you can use different historical documents (like marriage and
birth certificates). You can also use genetic tools (if you have, for example, a blood sample) to
determine if two people are closely related. When scientists construct phylogenetic trees they
can also use different sources of information. They can look at how similar animals are or use a
more modern approach — look how similar are certain genes (or other DNA segments) between

the species. So both MORPHOLOGY and GENES are useful for constructing a phylogenetic

tree!

When Constructing a Phylogenetic Tree - you can use both:

MORPHOLOGY

“Anatomy and physiology of animals Various vertebrate limbs:”
Licensed under CC BY 3.0 via Wikimedia Commons

BAT CASE STUDY:

Let’s take a look at a gene called cytochrome b, which is found in the mitochondria. We are go-
ing to use this gene to construct a phylogenetic tree to study the evolutionary history between
several different species of bat (Lesser Horse-shoe Bat, Black Flying Fox, Bumblebee Bat, Lit-
tle Brown Bat, Flying Fox, Common Pipistrelle, Brown Long-Eared Bat and Leisler’s Bat).

1. First we need to find the cytochrome b gene sequences for all these bat species.

'The gene sequences can be obtained using NCBI database. NCBI is a great source of biological
information. You can search the available nucleotide sequences at:
http://www.ncbi.nlm.nih.gov/nuccore

Note that usually the scientific names of species are used in such databases — always good to
know both common and scientific name of the species you want to study! For example, the
Latin name of Lesser Horseshoe Bat is Rhinolophus hipposiderocs. That’s how I found the cyto-
chrome b gene sequence of the Lesser Horseshoe Bat. The search query I used was ‘cytochrome
b Rhinolophus hipposideros. Why don’t you try to find seqeunces from the other species mentioned
above! Remember you should find out what the latin scientfic name is first before searching
for the cytochrome b sequence.

The correct cytochrome b seqeunces will be provided by your teacher (they are in the teacher’s

pack).
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3.2 Phylogenetics

& | @ www.ncbinl

Im.nih.gov/nuccore/Zterms= cytochrome+ b+Rhinolophus+hipposideros

| /B - tay-sachs

Pl A

Most Visited & Programmes Suitable f.. € Role of the Mitochond... B Does anyone have an .. ) SeedNet Online - Gen... *J Oxidative Stress: Antag... [l Izyli z druga i szczedli.. € 1714.fullpdf (applicati.. =

Nucleotide  + | b |

Nucleotide

Save search Limits Advanced

Display Settings: (¥} Summary, 20 per page, Sorted by Default order Sendto: )

Results: 1to 20 of 396

il isolate RhipC ita

1. sequence: and D-loop, partial sequence: mitochondrial
1.629 bp linear DNA
Accession KCSTE716.1 GE 530684536
GenBank FASTA

Poge 1 | of20 Nexi> | Last>>

b (CYTB) gene, partial cds: tRNA-Thr and tRNA-Pro genes, complete

Graphics

Rhinolophus hipposideros isolate RhipB_ita cytochrome b (CYTE) gene. partial cds: tRNA-Thr and tRNA-Pro genes. complete
sequence: and D-loop, partial sequence: mitochondrial

1.629 bp linear DNA

Accession: KCO78715.1 GE 530694534

GenBank FASTA  Graphics

]

[ Rhinolophus hipposideros isolate RhipA_ita cytochrome b (CYTB) gene. partial cds: tRNA-Thr and tRNA-Pro genes._complate
3. sequence: and D-loop. partial sequence: mitochondrial

1,629 bp linear DNA

Accession KCI78714.1 GE 530694532

GenBank FASTA  Graphics

[ Rhi i isolate Rhip3
4 sequence: and D-loop, partial sequence: mitochondrial
1.629 bp linear DNA

Accession KCSTE713.1 GE 530684530

GenBank FASTA Graphics

b (CYTB) gene, partial cds: tRNA-Thr and tRNA-Pro genes, complete

2. Now let’s compare these sequences

Help
Filter your results:

All (386)

Badteria (0)

INSDC (GenBank) (396

MRNA (0)

RefSeq (0)

Manage Fiters

Find related data -
Database: Select -
Search details -

cytochrome b[ALL Fields] AND
("Rhinclophus hipposidercs™
[Organism] OR Rhinolophus
hipposideros[All Fields])

| search | See more.

We can use an online software (such as Clustal: http://www.ebi.ac.uk/Tools/msa/clustalo/)

to carry out a process known as alignment. Cut and paste your seqeunces into Clustal, then

hit submit (see below for more detail). The cytochrome b genes from the 8 bat species will be
arranged in a way that allows for similar regions to be identified. Similarity between the cyto-
chrome b regions may be due to evolutionary relatedness. The more similar the sequences are —
probably the more closely related are two species.

Little
Brown
Common
Leislers
Bumblebee
Flying
Fruit
Lesser

* % * %k hk *hkhkkhkk %%

3. Construct a phylogenetic tree based on the cyt b sequences

* hhkhkkk

*%x k%

From the above data it is possible to create a phylogenetic tree using a programme called
MEGA 6 (http://www.megasoftware.net/). MEGA offers many different methods for con-
struction of a phylogenetic tree from the aligned sequences. See an example tree overleaf.
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3.2 Phylogenetics

Branch points: lineages diverge

\ Little brown bat

46 (Myotis lucifugus)

Brown long-eared bat
23 (Plecotus auritus)

Commoeon pipistrelle
70 {Pipistrellus pipistrellus)

Leisler's bat

{Nyctalus leisleri)
Flying fox

13 (Pteropus vampyrus)

__ Blackflying fox
98 (Pteropus alecto)

__ Bumblebee bat
90 {Craseonycteris thonglongyai)

Lesser horseshoe bat
(Rhinolophus hipposideras)

[-F]

This branch point: most common ancestor of species from this tree

How can we read this tree?

At the right hand side, you can see all the names of the species that have been analysed. These
are the ‘leaves’ of the tree. Each leaf has its own ‘branch’. Branch points (tree nodes) tell us
where two lineages diverged, explaining the evolutionary history of species presented on this
tree. From this tree, you can for example, read that the Bumblebee bat and Lesser Horseshoe
bat shared an immediate common ancestor. We don’t know who this ancestor was, but at some
time in the past it branched off into two separate evolutionary paths resulting in the Bumblebee
bat and the Lesser Horseshoe bat.

Do I trust this tree? Let’s BOOTSTRAP!

A phylogenetic tree is a model — it presents the relatedness of species based on available data.
Different trees can be prepared for the same group of species. There are different statistical
methods to assess how good our tree is. Did you notice the numbers displayed at each branch
point of this tree? They are the results of a test called Bootstrap. These values tell us how certain
we are of each connection, the higher number - the better. For example, there is a number ‘90’
displayed at the branch point at which Bumblebee Bat and Lesser Horseshoe bat diverged. It
means that 90 out of 100 times we prepare this tree this node will be the same. Take a look at
the tree yourself and use the Bootstrap values to assess different nodes of this tree. Which one
you would trust the most? Which one is the least reliable?
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3.2 Phylogenetics

QO

STUDENT TASK - CREATE YOUR OWN PHYLOGENETIC TREE

—_

Logonto:  http://www.ebi.ac.uk/Tools/msa/clustalo/
2. Copy and paste all genes from the 8 species of bat into the space provided.

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate
alignments.

STEP 1 - Enter your input sequences.

Enter or paste a set of DNA | sequences in any supported format:

>Daubentons Bat cytochrome b

TAGGTAGGAGCCATAATAAAGACCTCGTCCTACATGGAGGTATAGGCAAATAAAAAATATGGAGGCTCCG A
TTTGCATGTAGGTAGCGTAAGATTCAGCCGTAGTTTACGTCTCGACAAATATGGGTGACTGAGTTAAAGG
CTGTTGCGGTGTCTGATGTGTAGTGTATAGCTAGAAATAATCCTGTTATGATTTGTAGTGCTAGACAGAT
TCCTAAAAGAGACCCAAAGTTTCATCAGGATGAGATATTTGATGGGGCAGGCAGATCAATAAATGAGCTG
TTAATGATTTTTATCAGGGGGTGGGATTTTCGAATGTTGGTCATTTGATTGTTCTTGTAGTTGAAATACA V|
ACGATGGTTTTTCAAC]

Or, upload a file: Browse... |

3. Scroll down the page and click submit. Our results should look like this:

Results for job clustalo-120140725-003939-0410-59968742-oy
Result Summary Phylogenetic Tree Submission Details

Download Alignment File || Show Colors || Send to Clustalw2_Phylogeny

CLUSTAL 0(1.2.1) multiple seguence alignment

Fruiz ARTGRCCARCATCCGARMATCACACCCCCTACTCARARTTATTARCGACTCCCTARTTGAC
Bumblebee ATGRCTCRCATTCGAARATCTCACCCCCTATTCARRATCCTARRCGRCTCCTTICRTTGAL
Lesser e e e m e e e e = T A RAT TATCARTGACTCRATTCATTGAT
Flying RIGRCRARRCATCCGEAMATCACACCCATTATICARRATTATCARCGRCOGCACTARTTGRL
Common ATGRCAARCATTCGRAAATCCCACCCCCTGATCARRATCATCARTARCTCATICATTGAT
Leislers ATGRCCARRCATTCGTAAATCACACCCCCTGATTARRATCATTARTGATICATTITATTIGRAC
Little RIGRCCARCATICGRAAATCTCACCCCCTAATARARATTATTARTAGCTCATTIATTGRL
BEOWIL = = e e

4. Now click on Phylogenetic Tree

5. Scroll down the page to see your tree that you have created. Does it look the same as
the tree created above? Why do you think that there might be differences?

You have probably noticed that the phylogenetic tree produced by Clustal online tool is
quite different than the one we generated using programme called MEGA. The phylo-
genetic tree generator tool offered by Clustal will never produce an accurate phylogenetic
tree. The major function of Clustal is to align the sequences and the tree is used to guide
this alignment. More specialized programmes, like MEGA, should be used to build (and

evaluate) more accurate phylogenetic trees.

W
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3.3. Comparitive Biology and Its Uses

3.3. Compuaritive Biology and Its Uses

Due to all the advancements in modern molecular technologies and the software available, it is
now possible for us to sequence large DNA fragments or even your whole genome (all of your
DNA in your cell). The process is getting faster and cheaper, which means we can build a huge
databases containing DNA sequences from difterent species.

Q)

ig%&g Databases Projects Events About Us G10KCOS I
GENOME 10K.

ey

Genome 10K Project Support G10K

. 4 . Flease donate now to help
To understand how complex animal life evolved through changes in DNA and populate the genomic zoo.

use this knowledge to become better stewards of the planet

2015 Conference

Resetve your place now inthe

Conference
March 1-5, 2015
Santa Cruz, CA USA,

Mind that DNA sequences alone are only beginning of the story — the big challenge is to figure
out how genomes work. Comparative genomics is a field of biological research in which the
genomic features of different organisms are compared. Comparative genomics allows the con-
struction of the evolutionary tree of all living organisms (Tree of Life) — with more detail and
accuracy than ever before!

By making comparisons between similar DNA sequences from human and from different spe-
cies, we can also learn a lot about how our own genome works.

Comparative genomics and medicine
Comparative genomics is an amazing tool to predict if a single nucleotide variation, SNV (a
change in a single nucleotide), in certain site in the genome is harmful, not-harmful or perhaps

beneficial. Each of us have thousands of SN'Vs in our genomes, could this make us difterent
from each other?.
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3.3. Comparitive Biology and Its Uses

'Think about your colleagues from school. What if I tell you that at certain site in the genome
all of your school friends have a nucleotide Guanine (G), and you are the only person with a
Thymine (T) instead? Is it good or is it bad? It’s hard to say if we don’t know what this region
in the genome does!

T Instead of G: Good or Bad?
G G . G

G G GG

G G

How would you feel if I tell you that this site lies within the gene needed for vision? Let’s
sequence this gene in other mammals and investigate if they have a G or a T at this site> What
can that tell us.

SNP in vision related region

Humans: G Bats: T
Giraffes: G

Gorillas G

Elephants: G

Dogs: G

Bats can do plenty of amazing things — but some don’t see very well. Knowing that of all mam-
mals, the ones having T in this particular site do not have the greatest vision may suggest that
that this change in humans (from G — like in most of human population to T — like bat) can
indicate increased risk of a vision related disease. We can make predictions like that thanks to
the power of comparative genomics!

Perhaps in the future, comparative genomics will be used on regular basis in medicine.
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