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Overview

* The approach used - detection of
‘recent’ HGT based upon phylogenetic
trees

* The computer programmes used and some
of their features

* Some results from analysis of the
genome of Entamoeba histolytica

* Future directions and challenges

Why study HGT?

- What is the role of HGT, outside of
endosymbiosis, in the evolution of
eukaryotes?

« How much HGT has occurred? What
types of genes? Where from?

* How has HGT affected the evolution of
parasitic eukaryotes? Does HGT provide
drug targets?

How have we chosen to look for HGT?

* A semi-automated phylogenomics approach

based upon a published computer programme
called PyPhy

* Use trees to detect HGT in a two-stage

process:

- Simple parsimony or p-distance trees from edited
alignments

- Bayesian trees with more sophisticated phylogenetic
models as a second stage screen

- Distance-based bootstrapping to gain a measure of
confidence in groups on trees
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PyPhy - the Primary Screen

+ The database
- Translated (Tr)EMBL
- Swissprot entries (for annotation)

+ BlastP searches using query genome to recover

homologues

- user defined cut-off values (e.g. at least 40% similarity over
>70<200% of the length of query sequence)

+ Align sequences using ClustalX and trim the alignment
using GBLOCKS

+ Construct bootstrapped P-distance or parsimony trees

+ Display results as a grid with coloured squares
indicating neighbor relationships

PyPhy graphical interface
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PyPhy - the secondary screen I

Search EST databases and hits added to the

alignments

Feed G-blocked alignment into MRBAYES

(Huelsenbeck & Ronquist 2001)

- WAG matrix, gamma correction for site rate variation
and a proportion (pinvar) of invariant sites.

Make Bayesian consensus trees with posterior

probabilities as support values

PyPhy - the secondary screen II

+ Bootstrapping to provide an additional indication
of support for relationships

+ Each data set is bootstrapped (100 replicates)
and used to make distance matrices under the
same evolutionary model as in the Bayesian
analysis, using custom (P4) software

+ Trees are made from the distance matrices using
FastME (Desper & Gascuel 2004) and a bootstrap
consensus tree made using P4

+ Transfer BS support values onto the Bayesian
consensus tree
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E. histolytica trophozoites in situ
(D. Mirelman 1996)

LN

Ingestion by human
of contamirated
food or water

| )

Exae ion
inthe fneces

Encystation Exc,rs’\lcn
incolen in small inestine
Trcprcmu o
I
ﬁs;r«p’c matic {amoebic)
clorisation n Liver abacess
(invasive)

Amoebic colitis

Life cycle of Enfamosha histolyfica and the clinical manifestations of infection
in humans

Expent Reviews in Molecular Medicine ©1898 Cambridge University Fress

The E. histolytica genome

Sequenced by TIGR and the Sanger institute
(PIs Brendan Loftus and Neil Hall)

~ 23.7 Mbp
9938 predicted genes

1/3rd of genes have no detectable homologue in
public data bases

Large gene families, duplications are common

Aim of our HGT screen

To identify the strongest candidate ‘recent’ HGT from

prokaryotes to Entamoeba

- The tip of the HGT iceberg?

- Help to validate HGT as a plausible explanation for
topological incongruence deeper in tree

These cases shoudl be the easiest to defend - paralogy

or poor tree-building is unlikely to be an equally plausible

explanation to HGT

This screen is not seeking to detect more ‘ancient’

transfers, for example - at the base of major groups or

from the alpha-proteobacterial mitochondrial

endosymbiont




Primary screen output for E.
histolytica

+ 9938 genes
+ 5740 trees

- 819 bacterial and
129 archaeal
connections in the
trees

+ 912 genes have a

Superimposed top blast hit =
prokaryote

bacteria and 204
an archaea as the
top BLAST hit,
107 of these
genes show
eukaryotic
connections in the
primary tree.

Criteria for HGT 2° analysis
(vary in degree of ad hoc-ness)

+ Strongly supported tree placing Entamoeba within a
conventional bacterial group

* No other eukaryotic sequence in tree

- sampling is very poor, surprises occur!

+ Two or more strongly supported nodes separating
Entamoeba from any other eukaryotic sequence

+ Eukaryotes never appear together in bootstrap
partitions

- High ratio of prokaryote to eukaryote BlastP score

+ 96 Bayesian trees

Results of the 2nd generation
analysis

are most simply
explained by
prokaryote to
eukaryote HGT
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Mapping HGT genes onto
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tRNA (Uracil-5-) - methyltransferase

Top Prok blast/Top Euk blast = E-59
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Transferred genes are involved in metabolism

121m00124 Tartrate dehydrogenase METABOLISM
133m00129 Fructokinase METABOLISM
400m00033 Arginine decarboxylase METABOLISM
78m00151 Lysophospholipase L2 METABOLISM
9m00390 HesA/MoeB/ThiF family protein METABOLISM
24m00307 NADH dehydrogenase, similar to nitrite reductase ENERGY METABOLISM
CELL RESCUE, DEFENCE AND
61m00186 5-nitroimidazole antibiotic resistance protein VIRULENCE
30m00272 ABC transporter TRANSPORT
289m00068 Conserved hypothetical protein UNKNOWN FUNCTION

Functional distribution of HGT
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[7] Metabolism cofactors
[ Metabolism energy
I Metabolism nucleotides
18% [ Metabolism lipids
o [ Environmental information processing
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 Hypothetical
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We see a broad collection of donors

Name NN MrBayes Best Prokaryote blast hit

100m00122 | DT Deinococcus | Clostridium perfringens

189m00102 Archeal like Pyrobaculum aerophilum

Proteo
10m00331 /Xanthobact Methanobacterium thermoautotrophicum

119m00142 Proteo /Vibrio Bacillus subtilis

11m00315 Bact/Chlorob Bacteroides thetaiotaomicron
209m00106 Firmicutes Clostridium perfringen
126m00107 Bacteria like Pseudomonas aeruginosa
Lactococcus lactis (subsp. lactis) (Streptococcus
130m00124 Firmicutes lactis)
133m00129 Bacteria like Bacteroides thetaiotaomicron
133m00136 Bact/Chlorob Methanosarcina mazei (Methanosarcina frisia)

Summary BiasiP stalisiics for 96 candidats LGT

Summary BlastP Statistics

(provided as supplemental info to Loftus et al 2005)

Length PL P Escore
380 284

) o
255 25
T pacis sumis £
545 [sacieoises emomamon

21

60276
2067

251 |Badteroites thetaiot@omicron
215 |Methanosarcina maze

419 |Dictyoglomus thermophium
219_|Bacteroides thetaiotaomicron
140 Archacoglobus fulgaus.

656 _|Bacteroides thetaiotaomicron
205 |Clostidium acetobutylcum

218 Clostiium perfringens

248 |Synechococcus elongatus

118 |Prochiorococcus marinus

157 _|Bacieroides thefaiotaomicron
661 | Bacilus halodurans

176 |Bacteroides thefaiotaomicron
459 |Badteroites thetaiotaomicron
265 | Anabaena sp (strain PCC 7120
300 |Streptomyces coelicolor

5.006.28
lo 1

256 [ 101217
407 | a7y
21z | 18ms
27135

TiR/41E
445 401203

447 | 110365
none

2.006.15
100538
0028

2
g
H
H

284 |Pyrobaculum seroghium.

[3a 1
300567
3 [500E-34 |4.00E-12

loooz ]
100535 J0.0001
[none ]

H na
1.00E-116_|3.00E:64
B00E24 |100E-14

Synechococcus_sp._CYSE

ystis_sp._CYSE_OR_SLRI348

- Helicobacter_pylori_199_CYSE_OR_JHP1133

- Helicobacter_pyiori_CYSE_OR_HP12i0
Bacilius_subrilis_CYSE_OR_CYSA_OR_BSU00930
Staphyiococcus_xyiosus_CYSE

0 Pseudomonas_syringae_PSPTOS5178
4|:|i Rhodopirellula_baltica_RB5098

Bacteroides_thetaiotaomicron_BT3256

E_moshkovski
200m00078
L4k Entamoeba_histolytica_EHSAT

o Entamoeba_dispar EDSAT!
ar EDSAT?

Entamoeba_di
L0 Nicotiana_tabacum_SAT!
Arabidopsis_thaliana_

Buchner

_aphidicola_CYSE_OR_BUGS4
Biichnera_aphidicola_CYSE_OR_BUSGO5!
Pasteurella_muliocida_CYSE_OR_PMi430
Haemophilus_influenzae_CYSE_OR_HI0606
Iv.92.ap Yersinia_pestis_CYSE_OR_YPOOO70
Yersinia_pestis_CYSE_OR_Y0072

L

Lo Escherichia_coli
Salmonella_typhimurium_CYSE_OR_STM3699

HET at the base of the amoebozoa?
ABC transporter

Archaeoglobus_fulgidus_AF1018
Archaeoglobus_fulgidus_AF1469
Sulfolobus_: icus_SS00688_OR_C10_042
j ii_MJ1508
Methanosarcina_mazei_MM1608
Clostridium_acetobutylicum_CAC3560

treptomyces._. itilis_SAV3526
1.06/100 [ Xanthomonas_campestris_TPTC_OR_XCC3912
Xanthomonas_axonopodis_TPTC_OR_XAC3996
Vibrio_vulnificus_LOLD_OR_VV12081
2347 Ther = is_ PHNL3_OR_TTE2710
Streptococcus_pyogenes_SPS1092
0\67" Streptococcus_pyogenes_SPYM3_0892
Streptococcus_pyogenes_SPYM18_1207
Streptococcus_pyogenes_SPY1257
5915 Chiorobium_tepidum_CT0953
iyrhizobium_j. jcum_BLL7988
owdgo Rhizobium_meliloti_RA0606_OR_SMA1120
1.00/100 Pasteurella_multocida_PM0448
—|_— Yersinia_pestis_YPO1946_OR_Y2364
1007 Di ium_discoit 1_ABCH.2
.95/9) Dictyostelium_discoideum_ABCH.1

30m00272
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Clostridium_tetani_CTCO2435
Thermoanaerohacter_tengeongersis_HCAD2_OR_TTE200
Fusobacterivm_nucleatum_FNOIS2
Fusobacterium_nucleatum_subsp._vigceptii_ATCC_40256_FNVI504
Clostridium_perfrirgens_CPE2550

Clostridivm _gcetobutviicum_CACI323

Clastridium_perfringens_CPE22335

Clostridi weetobutylicum_CACO905
Clostricium_perfringens_CPEO41 1
Streptomyces_coelicolor_SCO7ING_OR_SCSF {132

Pseudomones_aerugivosa_PA1488

328m006 4

Gigrdia_lamblia_ATCC_50503_

a_TMI433

Pyrococcus_firiosus _PF2006

Pyrococeus_abyssi_PYRABO2T00_OR_PABOI &4

Thermoanaerobacler_tengeongensis_LPD2_OR_TTE 1674
1.00 Bardetella_parapertussis_SOXA_OR_BPP3503

Lo Bordetella_pertussis_SOXA_OR_BP2516

Archaecoglobus_fulgidus_AF0273

Pyrococcus_horikoskii_PHI 749

Pyrococens_abyssi_SOXA_OR_PYRABO3 120_OR_PAR0212

Pyrococeus_furiosus_PFI1795

Thermotoga_mari)

Zinc alcohol dehydrogenase (subtree)

Clostridium_beijerinckii_ADH
Thermoanaerobacter_tengcongensis_TDH_OR_TTE0695
Thermoanaerobacter_brockii ADH
Thermoanaerobacter_ethanolicus_ADHE

1.0 100 Entamoeba_histolytica_ ADH1
Trichomonas_vaginalis_
Mycoplasma_penetrans_MYPE4620
Rhizobium_meliloti_RA0626_OR_SMA1156
Phytomonas_sp._ADU_2003_IPDH

Chromobacterium_vielaceum_CV2051

Alcaligenes_eutrophus_ADH
Pseudomonas_aeruginosa_PA2119

11m00315

- n_BT4512
Bacillus_subtilis_YJMD
Tropheryma_whipplei_ADH_OR_TWT326
Tropheryma_whipplei_ADH_OR_TW4d5
Streptomyces_coelicolor SCO0179_OR_SCJ1.28C
Streptomyces_avermitilis_SAV1272
Ralstonia_solanacearum_RSC0194_OR_RS00626
Neisseria_meningiticis_ NMB1395
Staphylococcus_epidermidis_SE2098
Streptococeus_pneumoniae_ADH_OR_SPR1866
Streptococcus_pneumoniae_SP2055

1.037

Streptococcus_pyogenes_SPY1111
Streptococcus_agalactiae ADH_OR_SAG1637
Streptococcus_agalactiae_GBS1684

PNAS | February 4, 2003 | vel. 100 | no.3 | 1067-1071

Plant-like traits associated with metabolism of
Trypanosoma parasites

Veronique Hannaert*, Emma Saavedra**, Francis Duffieux**, Jean-Pierre Szikora*, Daniel J. Rigden?,
Paul A. M. Michels*, and Fred R. Opperdoes*?

+ Trypanosoma brucei contains a complete open-reading
frame encoding a homologue of sedoheptulose-1,7-
bisphosphatase (SBPase).

- This enzyme is typical for the Calvin cycle of
photosynthetic organisms and only encountered in the
chloroplasts of green algae and plants

+ This was taken as evidence by that Trypanosoma once
had a plastid

http://www.icp.ucl.ac.be/~opperd/Supplem
entary/sbpase_nbj_tree.html

Rhodobacter spheroides |
Rhizobium meliloti
Xanthobacter flavus i
Nitrobacter vulgaris Eubacterial
Alcaligenes eutrophus FBPases and

G o eutrophus Prokaryotes | bifunctional

Nostoc punctiforme Cyano- FBP/SBPases
Synechocystis sp. bactetia
Synechococcus sp.

Escherichia coli
Heliobacter pylori
Arabidopsis thaliana = =
Wheat
1 = Spinach Plants S1,7BPases

Chlamydomonas reinhardtii
00} 7
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Fungi contain SBPase too!

Chlamy p. shp
0.8 /%2
0.88/17 Chlorarachnion_sp.
05472 Thalassiosira_psendonanaunkno
a0/ Ni erassa NCUO4483.1
| Try brueei SBPase
1.00/02 Wolinella_suceinogenes_FBP
0.02/50
Helicol . i is
R— er_pylorL_199 Leishm
L.00j100 Heli hepaticus_Leishma

|— Campylobacter_jejuni_Leishmani
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