Bio-2304 Phylogeny project Fall-2007

Introduction

Prokaryotes are the most abundant life-form on our planet. Even though it is clear
that the diversity of Bacteria and Archaea is enormous the evolutionary relationships
among these microorganisms remains unclear. Before DNA sequences were
available microbiologists tried to organize bacteria into a taxonomic system based
on their shape, size and other morphological features, but they soon became
frustrated over the lack of characters which could distinguish them. However, DNA
sequencing turned the tide and microbial systematics was revolutionized. The 16S
ribosomal (r) RNA (16S rRNA) gene has been a very important molecular marker to
dissect evolutionary relationships. Also single or multiple protein sequences and
protein-coding genes, and even whole genomes are being used for the same
purpose.

Problem

You have been given the task of resolving the evolutionary relationships of a subset
of gamma-proteobacteria by using the classical phylogenetic marker, that is the 16S
rRNA gene. Below is a phylogeny of gamma-proteobacteria based on 205 protein
sequences, as published by Brown and Volker 2004 (BioEssays 26:463-468).
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You will use NCBI (http://www.ncbi.nlm.nih.gov/) or a similar sequence databank to
identify and acquire the 16S rRNA sequences from the same bacterial species as in
the figure shown above. You may use the 16S rRNA sequence from a closely related
species if one or more species are missing from the databanks.

Next, the 16S rRNA sequences need to be imported into BioEdit. Here, the
sequences can be aligned automatically (ClustalW is implemented in BioEdit) and/or
manually.

Once, you have your final dataset you will use different phylogenetic software
packages to reconstruct the evolutionary relationships between the bacteria.

Methods

e 16S rRNA genes can be found at the NCBI web site, or similar.

o Import sequences into BioEdit and align them automatically. Make sure to
inspect your alignment manually for any obvious mistakes. Adjust alignment if
necessary.

e Next challenge is to export your alignment from BioEdit. (1) If you want to use
Phylip (PhyML) them you can simply save your dataset in Phylip format. (2) If
you want to use MEGA, then you first have to export your dataset in msf (.msf)
format, and then use then MEGA software to convert your msf formatted
dataset to MEGA format (.meg). (3) PAUP and MrBayes require nexus
formatted files. | recommend that you use MEGA or PhyML first. Then you
may try Phylip.

e Do at least the following analyses:

o Generate a Neighbor Joining (NJ) tree using MEGA (choose
evolutionary model)

o Run NJ Bootstrap analysis, with 2000 replicates.

o Generate a Maximum Likelihood (ML) tree using PhyML (choose
evolutionary model)

o Run ML Bootstrap analysis, with 500 replicates.

Use the “Phylogeny” lecture notes and “Phylogeny” practicals for resources and protocols.

Consider these thought and questions:

(1) Does your 16S rRNA trees exactly match that of Brown and Volker 2004?

(2) Discuss similarities and differences in NJ and ML trees. E.g., what do you think is the
most correct.

(3) Are your phylogenies supported by bootstrap analyses.

(4) Explain your choice of evolutionary model.



(5) Use the SSU rRNA secondary structure model below to see if you can identify highly
conserved and less conserved regions. Try to explain the result.

5-AA
3-AG yhhe 5-GG
tandem motif =3 3'-UU tandem
=-¢ 1100
700 .. é—¢ ;
g ekt sS4 5 AG
AVyge S UouaGAGSAR YA S8 a u Recaad ccuua vccuvua?V8cc tealc
el l l«1111|«000| ® || : G et Fhles 1110LLL oi!llIGc
UGGCGAuﬁuaﬁﬂccuUA"‘;ﬁu GG cG G Hlﬁ UGCUCGA GGG‘;*;GU &iGlAAﬁuc.‘Gu GCC g
gz¢ - ¢ g @y
5-UG ot GNRA B "au” s-¢ A 9
" . G = s
Domain 11 FOA o Ene ] tetraloop g oy halsSh
tandem = 4 S 2 b 8 5 u=a* 1200 "7 Vs
=4 gzt UNCG =" 5 G uel Aal
5UG 5-GG  £-% =g 800 tetraloop €38 I8
3 A oh
3-uu E g % A GBIN:JA SAUGAGAAuS T2 c:g L 5'-UG
GC =6 IT1etle c g
tan;lem A=Y A tetraloop B> ACULUUGAGL/ Gy, U5 E 3'-GU tandem
4 g—¢ Cyl/ G —-
u A - | A &—C
AU A%uccoansc ¢ Q—E 5'-GU o 1000 —¢ ;,:CA Uy,
IR = 0 i i
UCRGEECE LUGUAGACU GAUUGUUUGG,/,SuCA St 1 3-UG c. & 5-AA 4 uwe-c® Domain 111 GNRA
¢ g ) tle "G AG—CCey o el GV U=A
s L % tandem “uS\et 3-AG z¢ tetraloop
530 loo Caehls e My tandemgeuy U4
b < F e
pseudoknot < & s 5
G ° c c U6, G
AAU Ag 'S Ay Ay o & C\\: A
b Sy % A ec®\W Ye-c A &
LA 5'-UA s c85\e N MO 8
LS 3-AG u Jeutandem ¥ -4 «“s"f\c oS
) A - hY
G/ CAUU s ou cAG
‘g’ ﬁem(gf 5 3 % o5 pseudoknot = o :
cGu G—C u ¥ = P
Saa .“AC gts A cuc, A”:‘éé +* ¥ GNRA o6 o']'\CMuGGc\\\GU AR
e - A A »
. g a=A 4 Xy tetraloop a3\ eu®
5-GG Gsc’,cz c-a % i 1) Auus ACGGGG?GCCGOACAA\E\\G‘Cui S
. o =G GGUs . 11 A
Felthtandem A TR = UJ\A:\‘GAG\U‘C‘ Sk l(l‘,Al'JéU Brl,née%c ”i .4 ©~1300
unm, has=g cGU\\:”u AGAGU R H 2 e a-%
Y e o
UNCG I RS A 1400_° ‘; % Xg s a 5-GA
5 0% AT s Q As IAG
tetraloop u v central 53¢ s e 3 ]
gooxNget @ A pseudoknot & *% o Ruansler’Sy t28  tandem
=N o5 N o A e=a | aaccauaces, CAZSA, A
GNRA AGCCUG A UGCAG M\ A | G=C Bittetil & o ¢ &=%
LV TEC T 5 g God sbbsecaicsst % A Azt
tetraloop “sceesy ACSPA, B, 5-UG Al s Syt &y
A A ' = A c
5-UG 2§ i = GNRA Vo
; Gg=gc tandem ozt & tetralo
3-GU tandem “§ 2% atos o op
—a G-u g
UNCG AC6 A=l 5-GA G=C ¢ e
8 gzt GaA anti Shine-Dalgarno
G -
tetraloop B Vol hgG @ AS=E 3.AG P35y .
ac i’ B s ik tandem  z4& * 3
G GeU
A GUC AC” GU CAGGAAGAAGC G OF
300 %, °:éu,° 100 TEarratiniit LW 5-GG
o CGucAAGGy CGG UG, CA GUCUUUCUU ues '-UU tandem
GNRA B 0cisn oh A o de
tetraloop  “ucl/+ Fha, A i 100 A=t Voo
N cuUuG A=U k
Sugd  ea ¢  3-GUtandem
ot ¢ tetraloop cﬁ
ccr:\ a
cSAy St iEY
A e S G—c
A = Domain I
by = g
A "ica £35 5'-GG
RS y—at 4 3.UU tandem
o \\GUGG UG—EUG
GG A
g ¢ g-c° To - UNCIG
Ay y® 3
A §-% GNRA tetraloop
A=
-G
§-¢g i 'tetraloop
se6 ccucuu G  AgSee®  Acuacues
IR jeifo ellllel &
u ! .
YCC GGGGAG SGCC‘ CGAUGGC
‘ AG P oA i Uga
2004 f
UNCG c._&
tetraloop A=Y
- <1 GNRA, UNCG, CUUG tetraloops
ac
A < U-G wobble, G-A and A-A tandem motifs
GNRA -4 pseudoknots
tetraloop

PR I D R AN R



	Bio-2304 Phylogeny project Fall-2007
	Introduction
	Problem
	Methods

