PHYLOGENY PROJECT -HANDS ON

Project Goal:
The main goal of this project is to use rbcL gene sequences to study phylogeny of green plants. We are going to gather
DNA sequences of rbcL gene from Genbank, and compare them to build a phylogenetic tree.

Learning Objectives:
By the end of this project, SWAT:

1. Recognize the availability of vast pool of molecular data at the NCBI Genbank website
(http://www.ncbi.nlm.nih.gov/genbank/ ).
2. Learn mutations among DNA sequences.
3. Reconstruct tree using freely available software such as ClustalX and MEGA.
4. Understand the meaning of ancestral vs. recent species, clade, and interpret evolutionary relationships among
species.
Requirements:

A. Internet access for data mining.
B. [Installation of free software

1. ClustalX (download from http://www.clustal.org/download/current/ by choosing
clustalx-2.1-win.msi (http://www.clustal.org/download/current/clustalx-2.1-win.msi) for windows and
clustalx-2.1-macosx.dmg (http://www.clustal.org/download/current/clustalx-2.1-macosx.dmg) for MAC. This software
allows you to align DNA or protein sequences.

2. MEGAS (download from http://www.megasoftware.net/mega.php for windows and
http://www.megasoftware.net/megamac.php for MAC)

Getting Started:

SECTION 1
Google “Genbank and click on the link (GenBank Home - National Center for Biotechnology Information:
http://www.ncbi.nlm.nih.gov/genbank/)
Use the dropdown next to the word “GenBank” to change from defaulted “Nucleotide” and select “Gene”

)

e Type “rbcl” in the entry box to the right of dropdown and search

Select the link: rbeLL — RuBisCO large subunit [Chlamydomonas reinhardtii]
(http://www.ncbi.nlm.nih.gov/gene/2717040 )
e Click on “Genomic regions, transcripts, and products” in the table on contents.
e  Select “FASTA”.
Your new screen should look like this.
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Chlamydomonas reinhardtii chloroplast, complete genome
NCBI Reference Sequence: NC_005353.1
GenBank  Graphics

>gi|41179002:c124130-122275 Chlamydomonas reinhardtii chloroplast, complete
genome

ARGTAAACTGCGTARGACGACCGACATATACCT. GGCCCTTTCIATGCTCGACTIGATARGACRRGTAC
ATRR AT TTGCTAGT I TACATTATTITITATITCTARATATATARTATATTTARATGTATTTRARAATITTT
CRARCARTTTT T AR AT TATATTTCCGGACAGATTATITTAGGATCGTI CARRAGARGTTACATTITATITATA
TRARRTGGTTCCACRRACAGRRRCTRALGCAGGTGCIGGATTCARRGCCGETGTRARRAGACTRACCGTTITAR
CRTRCTRCACRCCIGATTACGIAGIARGRAGATACTIGATATITIAGCTIGCATICCGIATGRACTCCRCRRACT
AGGIGTTICCACCIGAAGARATGIGGIGCIGCTGIAGCTGCTGRATCITCARCAGGTACATGGACTACAGTA
TGEACTGRCGGTTTRARCRAGTCTTGACCGTTACRRAGETCGTTGTTACGATATCGRACCAGTTCCGEGTG
AL CRCRLCCARTRC AT TGCTTACGTAGCTTACCCARTCGACTTATICCGRAAGRAGETTCAGTRACTARCET
GITCACTICTATIGIAGGTARCGTATTCGETTTCARAGCTTTACGIGCTCTACGTCTTGRAAGACCTICGT
ATTCCACCTGCTTACGTTARRRCATTCGTAGGTCCICCACACGETATTCAGGTAGRACGTGACARATTAL
ACRRRTATGGTCCIGGTCTITITAGCTIGTACRATCRARALCCTRARRTTAGGTCTTTCAGCTARARACTACGE
TCGTGCAGTTTAT GRATGTITACGIGGTGET CTTGRACTITACTARAGACGACGRRARACGTARACTCACRR
CCRTICATGCGTIGGCGTGACCGTITCCTITICGTIGCTGRAGCTATTTACARAGCTCARGCRG CLG
GIGRAGTITARRGGETICACTACTIARACGCTACTGCIGGTACTIGIGRAGRRATGATGRARACGTGCAGIRTIG
IGCIARAGRATTAGGTGTACCIATIATTAT GCACGRACTACTTARCAGGTGGTTICACAGCTRACRCTICR
TTAGCTATCTACTGTCGTGACRARCGGTCTTCTTCTRACACATCCRCCGTGCTATGCACGCGETTATTGACT
GTCARCGTARCCRCGETATTCACTICCGIGTICTIGCTARAGCTCITCGTATGICTGGTGETGRACCRACCT
TCACTCTGETACTGITCTAGGTARAACTAGAAGETGAACGTGAAGTIACTCTAGETITCGTAGACTIARTG
CGTGATGACTACGTIGARAAAGACCGTAGCCEGTGCTATITACTICACTCAAGACTGGTGTTCAATGCCAG
GIGTTIATGCCAGTITGCTTCAGGCGGTATTCACGTATGGCACATGCCAGCTTTAGTIGARRTCTTICGGTGR
TGACGCATGTCTICAGTTCGGTGETGGTACT CTAGGTCACCCTTIGGGGTARCGCTCCAGGT GCTGCAGCT
BLCCGTGTAGCTCTIGRAGCTTGTACTCRAAGCTCGTRAACGARGGTCGTGACCTTGCTCGTGRAGGETIGGCGE
RCGIARTTICGITCAGCTIGTARATGETICTCCRGRACTIGCTIGCIGCATGIGRAGTITIGGRARAGRRATTRAL
ATTCGRATTTGATACTATIGACRRRCTTTAATTITIATITTICATGATGITTAT GTGRATAGCATRRACE
TCGITTITTATTITTTATGGTGTTTAGGTTARATACCTARACATCATTTTACATTTITARRATTRAAGTTCT
AL GTTATCTITIGITTARATTTGCCTCTGCTTTATARATTACCATGTGCCAGRARAATALARTCTIAGT
TITTIIATTATAGRATTTATCTTTATGTATTATATIT

4. Copy the sequence of the Chlamydomonas.
e Paste into a NotePad file(PC) or Texteditor(Mac)
e To find Notepad go to Start menu, All programs then click Accessories you should see Notepad
5. After pasting into NotePad, leave the prompt sign”>" and delete text before the DNA sequence, Replace deleted
text with “Algae”
Your NotePad should appear as shown below.

(3] United - Notepad T W ..
File Edit Format View Help

>Algae
AAGTAAACTGCGTAAGACGACCGACATATACCTAAAGGCCCTTTCTATGCTCGACTGATAAGACAAGTAC
ATAAATTTGCTAGTTTACATTA ATTTCTAAATATATAATATATTTAAATGTATT TAAAA’
CAACAATTTTTAAATTATATTTCCGGACAGATTATTTTAGGATCGTCAAAAGAAGTTACATTTATTTATA
TAAATGGTTCCACAAACAGAAACTAAAGCAGGTGCTGGATTCAAAGCCGGTGTAAAAGACTACCGTTTAA
CATACTACACACCTGATTACGTAGTAAGAGATACTGATATTTTAGCTGCATTCCGTATGACTCCACAACT
AGGTGTTCCACCTGAAGAATGTGGTGCTGCTGTAGCTGCTGAATCTTCAACAGGTACATGGACTACAGTA
TGGACTGACGGTTTAACAAGTCTTGACCGTTACAAAGGTCGTTGTTACGATATCGAACCAGTTCCGGGTG
AAGACAACCAATACATTGCTTACGTAGCTTACCCAATCGACTTATTCGAAGAAGGTTCAGTAACTAACAT
GTTCACTTCTATTGTAGGTAACGTATTCGGTTTCAAAGCTTTACGTGCTCTACGTCTTGAAGACCTTCGT
ATTCCACCTGCTTACGTTAAAACATTCGTAGGTCCTCCACACGGTATTCAGGTAGAACGTGACAAATTAA
ACAAATATGGTCGTGGTCTTTTAGGTTGTACAATCAAACCTAAATTAGGTCTTTCAGCTAAAAACTACGG
TCGTGCAGTTTATGAATGTTTACGTGGTGGTCTTGACTTTACTAAAGACGACGAAAACGTAAACTCACAA
CCATTCATGCGTTGGCGTGACCGTTTCCTTTTCGTTGCTGAAGCTATTTACAAAGCTCAAGCAGAAACAG
GTGAAGTTAAAGGTCACTACTTAAACGCTACTGCTGGTACTTGTGAAGAAATGATGAAACGTGCAGTATG
TGCTAAAGAATTAGGTGTACCTATTATTATGCACGACTACTTAACAGGTGGTTTCACAGCTAACACTTCA
TTAGCTATCTACTGTCGTGACAACGGTCTTCTTCTACACATCCACCGTGCTATGCACGCGGTTATTGACC
GTCAACGTAACCACGGTATTCACTTCCGTGTTCTTGCTAAAGCTCTTCGTATGTCTGGTGGTGACCACCT
TCACTCTGGTACTGTTGTAGGTAAACTAGAAGGTGAACGTGAAGTTACTCTAGGTTTCGTAGACTTAATG
CGTGATGACTACGTTGAAAAAGACCGTAGCCGTGGTATTTACTTCACTCAAGACTGGTGTTCAATGCCAG
GTGTTATGCCAGTTGCTTCAGGCGGTATTCACGTATGGCACATGCCAGCTTTAGTTGAAATCTTCGGTGA
TGACGCATGTCTTCAGTTCGGTGGTGGTACTCTAGGTCACCCTTGGGGTAACGCTCCAGGTGCTGCAGCT
AACCGTGTAGCTCTTGAAGCTTGTACTCAAGCTCGTAACGAAGGTCGTGACCTTGCTCGTGAAGGTGGCG
ACGTAATTCGTTCAGCTTGTAAATGGTCTCCAGAACTTGCTGCTGCATGTGAAGTTTGGAAAGAAATTAA
ATTCGAATTTGATACTATTGACAAACTTTAATTTTTATTTTTCATGATGTTTATGTGAATAGCATAAACA
TCGTTTTTATTTTTTATGGTGTTTAGGTTAAATACCTAAACATCATTTTACATTTTTAAAATTAAGTTCT
AAAGTTATCTTTTGTTTAAATTTGCCTGTGCTTTATAAATTACGATGTGCCAGAAAAATAAAATCTTAGC
TTTTTATTATAGAATTTATCTTTATGTATTATATTT

Now save this file as “tree.fasta”. In the drop down choose “All files”. We Now have the rbcL gene sequence for
one species. Now we will get similar sequences from other plant species.

2|Page
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SECTION 2

1. Goto NCBI BLAST website http://blast.ncbi.nlm.

nih.gov/

a. Select “nucleotide blast” under the Basic Blast section.

b. It will bring you to this window.
/| Nucleotide BLAST: Search x

€ C f

| file:///C:/Users/own... f" Tools for the Resear... . Gaana.com Listen to...

Loading... X

[3 blast.ncbi.nlm.nih.gov/Bla

?PROGRAM=I

N&BLAST_PRO 1S=megaBlast&PAGE_TYPE=BlastSearch&SHOW_DEFAULTS

‘"‘ CNNMoney - Busin... i Biology 475/689 Veg...

:.:BLAST
Home Recent Results  Saved Strategies Help

» NCBIf BLAST/ blastn suite

__/blastn  blastp  blastx  tblastn & tblastx

Standard Nucleotide BLAST

Enter Query Sequence

BLASTN Programs ssarch nucisotis Gatabasss USIng 8 NUCHOTS qusry. mors.

Enter accession number(s), gi(s), or FASTA sequencels) & Cisr  Query subrange
From(12227%
Tol124130
Ll Choose File] No file chosen 9
Job Title
Enter a descriptive titie for your BLAST search @
Align two or more sequences
Choose Search Set
Database Human genomic + transaipt () Mouse genomic+ transaript ® Gthers (nr etc.)
Nucleotide collection (nr/nt) ] e
Organism
n name, binomial, or tax id. Only 20 top taxa will be shown. §
Entclude ) ) Uncultured/environmentsl ssmple sequences
Optionas

Entrez Query
Optionas

Program Selection
Optimize for ® Highly similsr sequences (megablast)

More dissimilar sequences (discontiguous megablast)

mewhat similar sequences (blastn)

Search database {nrint) using (Optimize for highly similar sequences)

(#)Algorithm parameters

Show rasuits in 2 new window

141 3

Copy the DNA sequence from NotePad

1*t arrow. “Enter accession numbers......FASTA sequences”- Paste your algae sequence in the area

indicated by the
2" arrow. Type moss in the organism box. In the dropdown choose “Mosses(taxid:3208)”
3™ arrow. Choose somewhat similar sequences(blastn)
4™ arrow. Click “Show results in a new windown”. Click BLAST
*Wait until program is finished, a new Tab should appear like the one below.
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e € | [ blastncbi.nlm.nih.gov/Blast.cgi

= BLAST®

» NGBI BLAST! bl

O Vour ing entrez query: txid2208 (DRG]

Edit avd Resubmil  Save Search Skatenies b Formalling options b Downloss

Algae

QueryID lcl| 25147 Databasz Name nr
Description Algse. iptic oll
Molecule type nucleic acid
Query Length 1858

Other reports: & Search Summary [Taxonomy reports
(©Graphic Summary

Distribution of 100 Blast Hits on the Query Sequence &

[Mouse-over to show dsfline and scores. dict to show slignments

tion Nucleotice callsction (nt)
Program BLASTN 2.2,28+ b Citation

Golor key for alignment scores

© Descriptions

Sequences producing significant alignments:

VoD rion foeed i pone  Hles cepet

Desaiption

orop:

Mx Totsl Quey| E |\
e cover value

1ags 1208 e
1288 1280 7em
1210 1210 725
1208 1205 7%
1297 1297 7%

*The first red line on your page represents your reference sequence “Algae”. Below that line the other

lines contain DNA sequences similar to your initial reference sequence.

”
voucher: personal:H. Akiyama:21292

7.2‘ Find the deSCfiption ”Pohlia i rbcl gene for ribulose 1.5-bis at ase large subunit, lete cds.

a. Put a check mark to the left of the text and double click the description.

b. It will appear as shown below.

Pl T T T AT rre———. |

complte cds, specimen_vouc.

c. Click download and press Continue

2. A new sequence is downloaded. DoubleClick to open the sequence.

o
seqdump (14)¢
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3. When sequence is open delete text after “>” but before the beginning of the gene sequence *example below*

) seadump (1) -Notzpad Sl

Fie Ea1_fomat

4. Name this new sequence “moss”. Hit enter if the sequence and the name came together.

a. Your window should look like this.

"] seqdump (15) - Notepad =oecy
File Edit Format View Help

>moss
ATGTCACCACAAACGGAGACTAAAGCAGGTGTIGGATTTAAAGCTGGTGTTAAAGATTACAGATTAACTTATTACACTCC
AGATTATCAGACTAAAGAAACTGATATTTITAGCAGCATTITCGAATGACTCCTCAACCAGGAGTACCAGCTGAAGAGGCAG
GAGCGGCAGTAGCTGCGGAATCTTCCACTGGTACATGGACTACTGTITGGACTGATGGACTTACTAGTCTTGATCGTTAC
AAAGGACGATGCTATGATATTGAAGCAGTTCCTGGAGAAGAGAATCAATATATTGCTTATGTTGCTTACCCATTAGATIT
ATTTGAAGAAGGITCTGITACCAATTTATITACTICTATIGITGGTAAT G GGGITTIAAAGCTTTACGAGCITIAC
GTICTAGAAGATITACGTATTCCTCCAGCTTATTCCAAAACTITCCAAGGCCCACCTCATGGTATTCAAGTTGAAAGAGAT
AAATTAAACAAATATGGTCGTCCATTATTA GGATGCACTATTAA GCCAAAATTG GGTTTATCTGCTAAAAACTATGGTAG
AGCTGTATATGAATGTCTTCGTGGTGGACTTGATITCACAAAAGATGATGAAAACGTAAATTCTCAGCCTTTTATGCGTT
GGAGAGATCGTTTCTTATITGTAGCTGAAGCTCTTTACAAATCTCAAGCTGAAACAGGTGAAATTAAAGGACATTATTTA
AATGCTACCGCAGGTACATGTGAAGAAATGATGAAAAGAGCTTACTITGCTAGAGAACTAGGCGCTCCTATTGTTATGCA
TGACTATCTAACAGGTGGTITTACTGCAAATACTAGTITGGCTCATTATIGCCGTGATAACGGCTTACTICTTCACATTC
ACCGTGCAATGCATGCAGTTATTGATCGACAAAAAAACCATGGTATGCATITCCGTGTACTAGCTAAAGCGTTACGTITA
TCTGGTGGAGATCATATICACGCTGGTACTGTAGTAGGTAAACTTIGAAGGAGAACGTCAAGTAACTITAGGGTITGTTGA
TTTACTICGTGATGACTATATTGAAAAAGATAGAAGCCGTGGTATITACTTICACTCAAGACTGGGITTCTITACCGGGTG
TTTTACCTGTAGCTICTGGCGGTATICATGTITGGCATATGCCAGCCCTAACCGAAATCTTTG GAGATGATTCTGTATTA
CAGTTTGGTGGAGGAACTITAGGTCACCCTIGGGG TAATGCACCTGGTGCAGTTGCTAATAGAGTTGCATIAGAAGCTIG
TGTACAAGCTCGTAATGAAGGACGTGATCTTGCTCGCGAAGGTAATGAAGTTATICGTGAAGCTACTAAATGGAGTCCTG
AATTAGCTGCGGCTTGTGAAGTITGGAAAGAAATTAAATITGAGTTTGAAACAATTGATACTATATAA

|
5. Copy and paste this new sequence “moss” into your tree.fasta file
a. Your tree.fasta file should look like this.

7 tree2 - Notepad

Ele_Edt_Famet View tep

>Algae

AAGTAL A4GACGACCGACATATACCTAA, T ACTGATAAGACAAGTA
ATAAATTTGCTAGTTTACATTATTTTTTAT TTTAAATGTATITAAAATITIT
CAACAATTTTTAAATTATATITCCGGACAGATTATTTTAGGATCGTCAAAAGAAGTTACATTTATITATA
TAAATGGTTCCACAAACAGAAACTAAA ATTCAL ALAGA Tad

T 4] ACTCCACAA
AGGTGITCCACCTGAAGAATGTGGTGCTGCTGTAGCTGCTGAATCTTCAACAGGTACATGGACTACAGTA
T TTTA

ACAA ACCGTTACAAA ACGATATCGAACCAGTICCGGGTG
AAGACAACCAATACATIGCTIACGTAGCTIACCCAATCGACTTATICGAAGAAGGTTCAGTAACTAACAT
GITCACTICLA: LATTCGG: A4GACCTICGT

ATTCCACCTGCTTACGTTAAAACATICGTAGGTCCTCCACACGGTATTCAGGTAGAACGTGACAAATTAA
ACAAATATGGTCGTGGTCTITTAGGTTGIACAATCAAACCTAAATIAGGTCTITCAGCTAAAAACTACGG

CAGITTATGAA 'GACTTTACTAAAGACGACGAAAACGTAAACTCACAA
ATTCATGCG ACCGITTCCITITCG! y
GTGAAGITAAIGGTCACTACTTAA AGTA
TGCTAAAGAATTAGGTGTACCTATTATTATGCACGACTACTTAACAGGTGGTTTCACAGCTAACACTTCA
l 7z46cLA TG ACA TCT ATCCA: A ATTGACC
GICAACGTAACCACGGIATTCACTICCGTGITCTTGCTAAA cacer
4 CGIAGACTTAATG
I ATGACTACGTTC CGTAGCCGTGGTATITACTICACTCAAGACTGGTGTTCAATGCCAG
|| GrGIIATGCCAGTTGCTTC TCACGIATGGCACATGCCAGCTITAGTTGAAATCTICGGTGA
I TCTAGGTCA 4ACGCT 4
I ” ACTCAAGCTCGTAACGAA " %
|| 4cerearrcarrcacc: AGAACTTGCTGCTGCATGTGAA 14

ATTCGAATTTGATACTATTGACAAACTTTAATTTTTATTTTTCATGATGTITATG TGAATAGCATAAACA
|| TCGITTTTATTTTTTATG G TG TITA GG TTAAATACCTAAACATCATTTTACATTTTTAAAATTAAGTTCT
AAAGTTATCITTTGTITAAL ATAAATTACGATGTC TTAGC
|| TTTT AT A TAGAAT T ATC ITIATGTATTATATIT

>moss

|| ATGTCACCACAAACGGAGACTAAAGCA TTGGATTTAAA [4AAGATTACAGATTAACTIATTACACTCC
AGATTATCAGA TGATATTTTAGCAGCATTTCGAATGACTCCTCAACCAGGAGTACCA
A AATCTTCCACTGGTACA ACTGA ACTAGICTTGATCGITAC
AAAGGACGATGCTATGATATTGAA TC GCTTATGTTGCTTACCCATTAGA:
ATTTGAAG: CTGTTACCAATITATITACTTCTATTGTTGG TAATGTTTTIGGGITTAAAGCITTACGAGCTITAC
AGAAGATTTACGTATTC AGCITATTCCAAAACTITCCAAGGCCCACCTCATGGTATTCAAGTTGAAAGAGAT
|| AarTis ATTATTAGGA ATTAAGCCAAAATTGGG,
3 TATGCGIT
|| GGAGAGATCGTTTCTTATITGTAGCTGAAGCTCTITACAAATCTCAAGCTGAAACAGGTGAAATTAAAGGACATTATTTA
AATGCTACCGCAGGTA: TTACTTTGCTAGAGA. CCTATTGTIATGCA
TGACTATCTAACAGY ACTGCAL GGCICATTA; ATAACGGCTTACTICTTCACATIC
ACCGTGCAATGCATGCAGTTATTGATCGACAAAAAAACCATGGTATGC A P TACGTTTA
T ATATTCACC AAGTA. AGGGTTTGTTGA
TTTACTTCGTGATGACTATA GGIATTTACTICACTCAAGACTGGGIT 4CCGGGTG
TTTTACCTGTA CATGTTT ATGCCAGCCCTAACCGAAATCITT CTGIATTA
CAGIT AC ” 4 AATAGAGITGCATTAGAAGCTTG
ACAA AATGAAGGA A4GGTAATGAAGTTA; A
AATTAGCTGCGGCTTGTGAAGTTT AAATTTGAGTTTGAAACAATTGATACTATATAA

SECTION 3

You now have an Algae and Moss sequence in your tree.fasta file.

5|Page



PHYLOGENY PROJECT -HANDS ON

1. You take your Algae sequence and compare to ferns.
a. Open BLAST window(http://blast.ncvi.nIlm.nih.gov/)
b. Copy your Algae sequence into blast box.

c. Type fern in organisms place use the dropdown to select “ferns (taxid:241806)”, and optimize for

“somewhat similar sequences”.

d. BLAST

2. In new result window check the first result in the “Description” section.
You can locate this section after the “red lines”.

a. After checking your selected sequence click Download

b. Choose “FASTA (aligned sequences).

c. Click Continue.

d. Open downloaded sequence and copy it to your “tree.fasta” file
give it the name fern.
*Your tree.fasta file should look like this-

e

B

SECTION 4
Using the same steps as above you will now BLAST pine, soybean and wheat:

1. Organism: pine family (taxid:3318), optimize for
somewhat similar sequences.

a. After checking your selected sequence (1°
option) click Download

b. Choose “FASTA (aligned sequences).

c. Click Continue.
Open downloaded sequence and copy it to
your “tree.fasta” file, give it the name pine

5 Descriptions

Sequences producing significant align

Select: All None Selected:1
i Alignments EiDownlosd v GenBenk G
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Organism: wheat (taxid:4565), optimize for somewhat similar sequences.

a. After checking your selected sequence (1% option) click Download
b. Choose “FASTA (aligned sequences).

c. Click Continue.
d

Open downloaded sequence and copy it to your “tree.fasta” file, give it the name
wheat

3. Organism: Soybean (taxid:3847), optimize for somewhat similar sequences.

1.

a. After checking your selected sequence (1% option) click Download
b. Choose “FASTA (aligned sequences).
c. Click Continue.
d. Open downloaded sequence and copy it to your “tree.fasta” file, give it the name
soybean
(= Descriptions
***You now should have rcbl sequences for algae,
;:2:':fif:d::li:ij?"iﬁca"ta”g" moss, fern, pine, wheat and soybean in your
i Alignments Downicad - CenBane S “tree.fasta” file. Double check your work to make

FASTA {complete sequence] sure every organism has the respective label.

®FASTA {aligned sequences)

GenBank (complete sequence)

Hit Table (text)

Hit Table {C5W)
Text
XML
ASN.1
Cancel

SECTION 5
Open program clustalX2 on your computer.
a. When clustalX2 is open, go to “file”, “load sequences”
b. Find your tree.fasta file.
c. A portion of your clustalX2 file should look like this:

—

LT 'f ClustalX 2.0.11

File Edit | Alignment | Trees Colors  Quality Help

Mode: [Multiple Alignrment Mode v] Font: [10 vl
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d. Click the “alignment” tab, and click the option “do complete alignhment”- a small
window will come up, click “OK”.

e. After alignmentis complete, you can scroll over in the screen and see the mutations
among sequences.

f. Goto “file”, select “save sequence as”, a new window will show up, uncheck the
“clustalXformat” and check “FASTA format” and click “OK”. *remember where you
saved that file too.

a. We have now created the input file to run in the program MEGA

SECTION 6

Constructing a tree using MEGAS

1.0pen MEGA by double-clicking on the program.

2.Click on the “data” tab and “open a file/session”

3.0pen the “tree.fasta” file.
Hit “analyze”.

4.Choose “nucleotide sequence”, “Ok” and then “Yes” in the next steps, then hit “OK”
*Your Mega window should look like this:

T
S

File Analysis Help

= ¢ 3 B T o i i
Align Data Models Distance Driversity FPhylogeny — User Tree Ance
Clocks | Links
TA | =
- a Close
Ly Data
u
| = T ¥ 5 = & |
Eirsk Hirna | Laar? Tuibmrial Fusmelas Mibakime Ranart 2 Biin lImdzbas?

a. Click on the “phylogeny” tab, choose the first option in the dropdown. Click
“okay” and finally “compute”
b. After your data has been analyzed a tree will pop up and will look similar to this:

File Image Subtree View Compute Ancestors Caption Help
HS B N §|&E =£E ==
ls C—I_',E Original tree lElootstrap consensustree]
E o
soybean
£, I
100 wheat
=
o= ﬁ pine
#h = L moss
£, 100 Algae
| Femn I
—
0.05 L
8|Page
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c. Now click algae on your tree and click on the second option on your left sidebar

(one with the green arrow). This will root the tree to show evolution of organisms.

Your tree will now look like this:

100

—

soybean

wheat

100

Fern

Algae

0.05

Now you have a beautiful evolutionary tree as shown below.

Save this tree.

moss

pine
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Reading tree (Example)

W2: Treetxplorer (LiAUsers\ownenUeskiopiiree.rasta)

File Image Subtree View Compute Ancestors Caption Help

HS 2 8 §|fE € £ £ et 2

[z Original tree lEInntstrap cunsensustree]

EE a5 soybean
33 Wheat
I3[
Pine
£
Fern
GY Moss
=
4 0.0s

Algae

You can play with various options about the cosmetic of the tree. You can save the tree in different format by clicking

the second tab “image” on the menu bar or directly print as pdf from the file menu.

How to read the above tree (five of many messages are included)
1. All green plants had ancestor similar to the Alga

2. Fern and Moss form a group (=clade) that is supported by a bootstrap support of 67. This means out of 100
replications, 67% of the time they are together. They are more closely relagted each other than to other plants

sampled in the present data set.
3. Pineis ancestral to both wheat and soybean (BS = 99).

4. Soybean and wheat are the most recent plants among the six sampled. They are more closely related to each

other (BS=96) than any other plants sampled here.

5. Soybean, wheat and pine form a clade (a group of ancestror and all of its descendants) and fern and moss form
another clade. All five together form a bigger clade. The inner lines represent ancestor for respective members,

and those outer lines on the right are the descendants.
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