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Phylogenetic Analysis

* Many different characteristics used to
determine evolutionary relatedness
— Morphological
— Molecular

* Molecular basis can give greatest detail, but
complexity of data makes interpretation
tricky



Phylogenetic Trees

raditionally binary

Can describe
1. Species
2. Gene families — to infer function

May or may not have a “root”

Length of branches generally indicates
evolutionary distance
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Morphology Characters
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Modern Tree of Life

(Molecular characters — ribosomal RNA)
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Molecular Characters

Q9VFS1_DROME/9-100
QoU7C6_GLOMR/6-100
Q9VFSO_DROME/5-98
QOU7C5_GLOMR/5-97
Q5ZJV8_CHICK/10-98
Q6GNZ3_XENLA/6-94
CECR1_BRARE/10-95
CECR1_HUMAN/12-102
CECR1_PI1G/7-97
Q95WT8_CULQU/5-95
QINC65_LUTLO/10-105
Q9VVK5_DROME/10-139
Q26642 SARPE/10-128
Q5MIX2_AEDAL/6-117
Q8T9T6_AEDAE/12-123
Q9VVK4_DROME/10-113
Q9V741_DROME/5-125
AGSA_APLCA/12-107
Q81QR3_DROME/54-152
Q86177_DICDI/12-134
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TNLYAAL



Building a Tree in Jalview

 Class demo starting with Pfam alignment



Assumptions In Molecular
Phylogenetics

Constant molecular clock (often, probably
not true)

Genetic independence of characters
— Counter example: RNA secondary structure!!

No “back” mutations
Correct alignment!!



Tree-Building Algorithms

* Neighbor joining (NJ)
e Maximum parsimony (MP)
e Maximum likelihood (ML)

Each has strengths and weaknesses, and often
multiple methods are used to find common
agreement



Species Trees

 \Want to use the appropriate gradation of
clock

 For full Tree of life, very few genes change
slowly enough

 Ribosomal RNA Is a favorite



16S rRNA Partial Alignment

R

Salmanalla typhimurius XEOEEL T AT T T TG T TGO CAG G- AT T AGG T GGG AT CARAGOAGACTGOCAGTGAT, T
Legionells praeuscebila MIS02] TRG T O TTAG T TGO CAG A TG TOA TR TG AC T CTARGEAGAC TGO CGG T ACAAACCGEAGGARGGOGGEGAT
Egcharichia cold ABDODAOE AT T T TG T TGO CAG OG- GT O CGGC oG GE M T C AN GOAGA C TGO AC TOATARAC TG GA MGG TGGGEAT
PCR product (hisskn gangl iond CTATTGATAGTTACCATC - - AT T ARG T TG TAC T CTAT TARGAC TG oG CTAACAA GG O AGGARGETEGEGAC
Francisella novicida LIE0E4 CTATTGATAGTTACCATC - - ATTARG T TGGG T AC T CT AT TG AGAC TGO CTOACAACGOGANGG ARSI TAGGOAC
F. twlarensis palearctica LEe0ss CTRTIGATAGTTACCAT C--ATTARGT TG GG TACTCTAT TARGAC TGO OG T AT AR B ACEAAGS TEEaSAD
F. tularensis tularensis 221333 CTATTGATAGTTACCATC--ATTAAGT GGG TACTCTAT TGACACTGCOGCToACARGGOGGAGGAAGITGGGGAC

F. philesiragia 21911 CTATTGATAGTTACCAT C=- ATTARGTIGEG TACTCTAT TAAGAC TGCCGCTOACARGGOGGAGERAGE TGEEEAC
® Rk W b - * - - . - "

B)

Foaition 145 162 1373 1290

E. ocoli TARCTACTGGAAACGETA—.— . ARGOGAACCTCATAARGT

5. typhimurium TARCTACTGGAAACGETG . AAGOGAACCTCATAANGT
L. pneumophila CAACTTUGGGGARACTHAA .  GAGCAMTCCTHAARAGT
Francisella spp. TACCAGTTGGARACGACTam e  GAGOGAMACTCARA ARG

& wiw L - -
Primer Fil F5




Beware: Horizontal Transfer!

Bacteria

|

\ Chloroplaster

Archaea

Cyanobactena

Euryarchaeota
——
Crenarchaeota

Proteobacteria




Gene Trees — Need for Species
Trees!

 Interpretable phylogenetic trees generally
can be constructed only within sets of

orthologs

o A complete list of orthologsalso is a
prerequisite for any meaningful comparison
of genome organization



Concept Review: Homology

* Even If two sequences are ancestrally
derived from same molecule, they may or
may not still have the same function
— Orthologs: homologous genes created by

speciation
« Generally implies function remains the same

— Paralogs: homologous genes created by a gene
duplication event (in same species)

 Implies function may have changed



Inferring function and relatedness

ArrA Class

S. barnesii SES-3 V. succinogenes

D. hafrionad B. arsenicoselenatis E1H
€. arsofata B. selenitireducens MLS10
- Shewanella sp. ANA-3
S. typhimurium o —
PhsA/PsrA B. subtilis
W. succinogenes :
E. coli (NarZ) NarG

; E. coli
W. succinogenes

P ﬁuorescens_
E. coli (nitrate)

Fdh . A
E. coli (oxygen) T. selenatis _ SerA
. . S. massilia
| E. coli (anaerobic) , TorA
S. putrefaciens
E. coli Rh. sphaeroides
DorA
Rh. sphaeroides Rh. capsulatus
NapA T. pantotropha E. coli P46923| _.
R. eutropha ] BisC
P E. coli P20099
D. desulfuricans E. coli H. influenzae
Aso [A. faecalis DmsA

0.1 changes Credit: Chad Saltikov



Methods of Comparison

e Must establish orthologous groups to allow
genome comparisons

e How do we do this?

o |_east to most accurate methods
— Simple: BLAST - “best hit”
— BLAST - reciprocal best hit
— Gene trees



Non-orthologous gene
replacement

 replacement of a gene with same function
but independent evolutionary lineage

o Example: two lysyl tRNA-synthetases
— class Il found in most euks & bacteria
— class | found In archaea & some bacteria



Basic Procedure

1. BLAST the amino acid translation of the
gene.

2. Find bona fide functional proteins found in
the BLAST results.

3. Align sequences (clustal).
4. Infer phylogeny (Phylip/PAUP/NJ)
5. Make nice looking dendogram/tree

Credit; Chad Saltikov



Demonstration

e The gene sequence

>LWPCN32

ATGGCACCAGCTATAAAAGTGCTCTTTCTATGTACCCACAATGCCTGTCGTAGCATCCTTGCGGAAG
CCATCGGCCGAGATCTTCTGATTAAGTTGGAGGATGTGACCTCTGCTAAATGGCAGTTTGCGAGT
GCAGGCAGTGCTCCTGCGGGAGTGGTTCATCCACAAACTTTATTGCAATTAGCTCATAGAGGCTA
TAGTACCGAGGGCCTCAGCAGTAAAAACTGGGATGTGATGGCTGATTTTACGCCCGATCTGGTG
ATTACTGTGTGTGATAGTGCCGCGGGAGAAACCTGCCCTCTATGGTTAGGCCACACACTCAAGTT
GCATTGGGGGTTACCGGATCCAACATCAACAGATCCCGCCGATATGGATGCACAGTTTTCCAGT
GTCATTGGCACTCTTGAAAAACGTATAACAGCATTAATCTCCTTGCCGCTTTCGGCTGGTATTGAT
GCACAGAAGGTTTCTTTACAATCCATTGCGAGTCAGTTTCCACTTACGTAA

« The predicted protein sequence

>LWPCN32

MAPAIKVLFLCTHNACRSILAEAIGRDLLIKLEDVTSAKWQFASAGSAPAGVVHPQTLLQLAHRGYSTEGL
SSKNWDVMADFTPDLVITVCDSAAGETCPLWLGHTLKLHWGLPDPTSTDPADMDAQFSSVIGTLEKR
ITALISLPLSAGIDAQKVSLQSIASQFPLT

o The BLAST result
— Either a phosphatase or an arsenate reductase.
— Which one is it and can we use phylogenetic analysis to figure this out?

Credit; Chad Saltikov



Demonstration

Do alignment using ClustalW
Upload file

Do alignment of the unknown gene
Inspect

Use the JalView program online to see results and get a
dendogram.

Also use online program.
— Choose Phylogram and GIF image.

Credit; Chad Saltikov


http://iubio.bio.indiana.edu/treeapp/treeprint-form.html
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