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Background

Genome sequencing and
evolutionary analysis
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Prokaryotic Genomes

Animal/human pathogens
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Why Completeness 1s Important

Improves characterization of genome features
Better comparative genomics
Presence/absence is less subjective

Missing sequence might be important (e.g.,
centromere)

Allows researchers to focus on biology not
sequencing

Facilitates large scale correlation studies
Controls for contamination

=33 TIGR see Fraser et al. (2002). J. Bacteriol. 184: 6403-5




Analysis of Complete Genomes

lentification/prediction of genes

haracterization of gene features

haracterization of genome features
Prediction of gene function

Prediction of pathways

Integration with known biological data

Comparative genomics
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“Nothing in biology makes sense
except in the light of evolution.”

T. H. Dobzhansky (1973)
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Evolutionary Perspective and
Comparative Biology

e Comparative biology is the analysis of differences
and similarities between species.

e An evolutionary perspective 1s useful in such studies
because this allows one to focus not just on the
levels and degrees of similarity or difference but on
how and why similarities and differences came to

be.
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More Questions I:
A Case Study

The Unbearable Lightness of
Helicobacter pylori’s
DNA Repair Gene List
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articles
]

The complete genome sequence
of the gastric pathogen
Helicobacter pylori

Jean-F. Tomb*, Owen White*, Anthony R. Kerlavage*, Rebecca A, Claytornr, Granger G. Sutton®,

Robert D. Fleischmany' , Karen A. Ketchum®, Hans Peter Klenk®, Steven Gill*, Brian A. Dougherty®,
Karen Nelson®, John Guackenbush®, Lixin Zhow , Ewen F. Kirkness*, Scott Peterson®, Brendan Loftus®,
Delwood Richardson®, Robert Dodson®, Hanif G. Khalak*, Anna Glodek*, Keith McKenney®,

Lisa M. Fitzegerald*, Norman Lee*, Mark D. Adams*, Erin K. Hickey*, Douglas E. Bergr,

Jeanine D. Gocayne*, Teresa R. Utterback®, Jeremy D. Peterson®, Jenny M. Kelley*, Matthew D. Cotton®,

Janice M. Weidman*, Claire Fujii*, Cheryl Bowman*, Larry Watthey*, Erik Wallin:, William 5. Hayess,
Mark Borodovsky:, Pater D. Karpl, Hamilton O. Smithy, Claire M. Fraser* & ). Craig Venter

* The Iesgniee for Gemomic Reseerch, 9702 Medion! Cezrer D, Rocbvale, Marplesd 20850, [5L
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to be absent. The ability of H. pylori to perform mismatch repair is
suggested by the presence of methyl transferases, mutS and uvrD.
However, orthologues of MutH and MutL were not identified.
Components of an SOS system also appear to be absent.

44 TIGR
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H. pylori and MutS

H. pylori has a MutS-like gene but not MutL

Prior to this genome, all species that encoded a
MutS homolog also encoded a MutLL homolog

Experimental studies have shown MutS and MutL
always work together in mismatch repair

Problem: what do we conclude about H. pylori
mismatch repair

See Eisen et al, 1997



Two Prokaryotic MutS Subtamilies

B B burgdorferi
S pyogenes
B T.pallidum
B. subtilis

Syn.sp MutS2

A. aeolicus

D. radiodurans

B A aeolicus

M. genitalium

D. radiodurans
M. pneumoniae

B.burgdorferi S. pyogenes

B. subtilis

Syn. sp

H. pylori

MutS-I lineage
MutS-II lineage

------ Gene loss

Species Tree

N. gonorrhoaea

H. influenzae

Gene Duplications

[ | .
1-5 Gene Loss E. coli

=33 TIGR Eisen, 1998, NAR 26: 4291-4300.




H. pylori No MMR

Helicobacter pylori genetic diversity and risk of human disease

Martin J. Blaser! and Douglas E. Berg?

Mutation frequency and biological cost of antibiotic
resistance in Helicobacter pylori

Britta Bjorkholm ***, Maria Sjelund*3, Per G. FalkV, Otto G. Bergl, Lars Engstrand*$, and Dan I. Andersson***

Among the several factors that affect the appearance and spread of
acquired antibiotic resistance, the mutation frequency and the bio-
logical cost of resistance are of special importance. Measurements of
the mutation frequency to rifampicin resistance in Helicobacter pylori
strains isolated from dyspeptic patients showed that ~1/4 of the
isolates had higher mutation frequencies than Enterobacteriaceae
mismatch-repair defective mutants. This high mutation frequency
could explain why resistance is so frequently acquired during antibi-
otic treatment of H. pylori infections. Inactivation of the muts gene
had no substantial effect on the mutation frequency, suggesting that
MutS-dependent mismatch repair is absent in this bacterium. Further-
more, clarithromycin resistance conferred a biological cost, as mea-
sured by a decreased competitive ability of the resistant mutants in
mice. In dinical isolates this cost could be reduced, indicating that
a4 Tl GR com!:):ansatic.:-n is a clinicriully: relevant pl?enomenon that could act to
- d stabilize resistant bacteria in a population.




PHYLOGENENETIC PREDICTION OF GENE FUNCTION

EXAMPLE A METHOD EXAMPLE B
2A CHOOSE GENE(S) OF INTEREST 5
Mmoo ¢ , 134
A2 1B IDENTIFY HOMOLOGS 6 5
v
E ALIGN SEQUENCES E
1A 24 3A1B 2B 3B 1 2 3 4 5 6

CALCULATE GENE TREE
<— Duplication?
1A 2A 3A1B 2B 3B P2 3 4 5 6
| | u |
/ OVERLAY KNOWN /
FUNCTIONS ONTO TREE
<— Duplication?
1 2 3 4 5 6
1A 2A 3A l.B 2.B f:; m I~ ™
INFER LIKELY FUNCTION
OF GENE(S) OF INTEREST /
Ambiguous
~<— Duplication?
Species 1 Species 2 Species 3 1 2 3 4 5 6
1A 1;3 2A 2.B 3A 3-B | | |

ACTUAL EVOLUTION
(ASSUMED TO BE UNKNOWN)

Eisen, 1998, Genome
<— Duplication Res. 8: 163-167.
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More Questions 1I:

Long Lost Cousins
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Two UvrA Subfamilies

UvrA H. influcnzae * Some species
UvtA L col

UveA N, onorrhoeae have a second

UvrA R prowazekin
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in UvrA UvtA 12 thermophilus
family
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UvrA A aeolicus
UvrA Synechocysiis sp.

DrC 5 coelicolor

Dl &, penceletts

UvrA2 D. radiodurans

=33 TIGR Eisen and Wu, 2002, Theor. Pop. Biol. 61: 481-487.




Evolution of UvrA Family

A. ABC Transporters

PstB
MDR
HlyB
TAP1
CFTR, SUR

B. UvrA Subfamily

UvrA H. influenzae
UvrA E. coli

UvrA N. gonorrhoaea
UvrA R. prowazekii
UvrA S. mutans
UvrA S. pyogenes
UvrA S. pneumoniae
UvrA B. subtilis
UvrA M. luteus

UvrA M. tuberculosis

UvrA M. he/’/noaquImphmuU v rA 1

!

Duplication
in UvrA
family

/ UvrA H. pylori
N UvrA C. jejuni

UvrA P. gingivalis
UvrA C. tepidum
uvral D. radiodurans
UvrA T. thermophilus
UvrA T. pallidum
UvrA B. burgdorefi
UvrA T. maritima
UvrA A. aeolicus

UvrA Synechocystis sp.




UvrC vs. Cho

e Choin E. coli 18
involved in an
alternative NER
pathway (see

Moolenar et al.
2002)

e What do the
other relatives of
Cho do?

a4 Van Houten et al, 2002,
-l TlGR PNAS 99: 2581-2583.




Three V. cholerae Phr Homologs
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Alkylation Repair Genes

AdaE. coli A\

AT A \
OstE. coli [

OgtH. inf
Ogt Gram+ I
Ogt D. radio I

MGMT Euks = MR AR
AlkA Gram+ AMANN-—

AIKAE. col

AlkA Domain (0O6-Me-G glycosylase)

AR Ogt Domain (0O6-Me-G alkyltransferase)
AN Ada Domain (transcriptions regulator)

=33 TIGR Eisen and Hanawalt, 1999, Mut. Res. 435: 171-213.




More Questions I1I:

Does 1+1 =17 Or 2?7

44 TIGR




Wolbachia pipientis wMel

e
=
BRARY of SCIENCE | plasbiclogyang | Volumo 2 | lmua 3 | MARCH 2004

1,200,000 ‘\\“ |l”./ // // 100,000 | .:@'. PLOS

L W i
&Yy 477
BIOLOGY

N T
NN gy 0,
R gt—— L

1,000,000
" 1. 300,000

1l
i 4

*-ﬁﬂ 2

- < ‘a‘i‘ .

N
0
ity
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MutL Duplication in Wolbachia

B_AGRTU_1_17739063gbAAL41715.1

B_SLOTI_C_15073747embCAC45388.
|B_.BRUCELLAMELITENSIS_1_1798937
| B_BRUCLELLA__A00519_DNA_mismat
B_MESLO_1_13476839refNP_108408
B_CAUCR_CCO0695_DNA_mismatch_re
B_RICCO_rcoRC1361__mutL_DNA_mi
B_RICPR_3861403gnIPIDe1343147_

:B_WOLBACH IA__00446_MutL_family
B_WOLBACHIA__01096_DNA_mismatc
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Agrobacterium tumefaciens
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Agrobacterium tumefaciens has
multiple duplications

Chromosomel
Chromosome?2
Plasmid1
Plasmid2

44 TIGR

DnaE, LigA, Xth
DnaE, LigA
DnaE, LigA, Xth

DnaE?, LigA

Wood et al., 2001, Sc

ience 294: 2317-2323




Duplication of UVDE in Anthrax

Schizosaccharomyces pombe

N@MVOSpOVCZ crassa

Clostridium perfringens
Bacillus subtilis

Bacillus cereus

Bacillus anthracis UVDE?2
Bacillus halodurans
Bacillus anthracis UVDE]
Deinococcus radiodurans
Nostoc sp. PCC 7120
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More Questions 1V:

When a good repair pathway
1s hard to find
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P. falciparum DNA Repair

e P. falciparum initial
annotation showed the

Ligase I.

presence of a DNA Ligase
IV homolog but not a DNA

Yet Ligase I has more of a
core function in other
eukaryotes, while Ligase IV

1s involved in NE

=J




DNA Ligase

Arabidopsis thalianaGP9651815 %

Drosophila melanogasterGP72929

I-l_ Homo sapiensSPP49917DNL4 HUMAN
Gallus gallusGP15778121dbjBAB6

_ Xenopus laevisGP18029886gbAALS

Candida albicansSPP52496DNLI C

Saccharomyces cerevisiaeGP1151
Schizosaccharomyces pombeGP700

Ligase IV

Camelpox virusGP18483081gbAAL7
Variola major virusGP439074gbA
Cowpox virusGP20153167gbAAM136
Vaccinia virusGP2772802gbAAB96
VIRUS vaccinia 9791118refNP 06

Vaccinia virus strain Tian Tan
Monkeypox virusGP17529940gbAAL

Homo sapiensSPP49916DNL3 HUMAN
_|:|: Mus musculusGP1794221gbAAC5300
Xenopus laevisGP18029884gbAALS
lumpy skin disease virusGP1514
Swinepox virusGP18448623/§bAAL6
Myxoma virusGP6523988gbAAF1502

Rabbit fibroma virusGP392838gb
Fowlpox virusGP453602embCAA828

Viral Ligases

rosophila melanogasterGP72996
Arabidopsis thalianaSPQ42572DN
Oryza sativaGP16905197gbAAL310
Crithidia fasciculataGP312384e
Caenorhabditis elegansSPQ27474
Drosophila melanogasterGP72916

Homo sapiensSPP18858DNL1 HUMAN
Mus musculusSPP37913DNL1 MOUSE
Rattus norvecusSPQIJHY8DNL1 RA
Xenopus laevisSPP51892DNL1 XEN
Plasmodium falciparumGP1815859
Schizosaccharomyces pombeSPP12
Saccharomyces cerevisiaeSPPO48

Ligase I

Aeropyrum pernixSPQI9YD18DNLI A

Acidianus ambivalensSPQ02093DN
Sulfolobus solfataricusSPQ980T
Sulfolobus shibataeSPQIPIK9IDNL
Sulfolobus tokodaiiSPQ976G4DNL
] Aquifex aeolicusGP2983805gbAAC

¥ Aquifex aeolicusSPO67398DNLI A
Pyrobaculum aerophilumGP409906

uncultured crenarchaeote 74A4G

——— I Thermoplasma acidophilumSPQ9HJ
Thermoplasma volcaniumOMNINTLO

Methanosarcina acetivorans str
Archaeoglobus fuldusSPO29632DN
A METAC 19916535gbAAMO05952.1 D
Pyrococcus abyssiSPQIV185DNLI
Pyrococcus horikoshiiSPO59288D
Pyrococcus furiosusSPP56709DNL
hermococcus kodakaraensisGP10
Thermococcus fumicolansSPQIHHO
Methanopyrus kandleri AV19GP19
Methanococcus jannaschiiSPQ576
Halobacterium sp.SPQIHR35DNLI
Streptomyces coelicolorSPQIFCB

Lymantria dispar nucleopolyhed

Archaeal Ligases

Eisen, unpublished




DNA Ligase IV SubTree

Arabidopsis thaliana

Drosophila melanogaster

— Homo sapiens

— Gallus gallus

Xenopus laevis

— Candida albicans

— Saccharomyces cerevisiae

Schizosaccharomyces pombe

:'l :ll T|GR Eisen, unpublished




DNA Ligase I SubTree

{Arabidopsis thaliana

Oryza sativa

— Crithidia fasciculata

Caenorhabditis elegans

Drosophila melanogaster

— Homo sapiens

— Mus musculus

— Rattus norvecus

Xenopus laevis

Plasmodium falciparum

— Schizosaccharomyces pombe

L Saccharomyces cerevisiae

:'l :ll TlGR Eisen, unpublished




No NHEJ 1n P. falciparum?

 No Ligase IV

* None of the other “normal” NHEJ genes for
eukaryotes

* Does it use only homologous recombination
or 1s there another NHEJ pathway?

:'l :l. T|GR See Gardner et al 2002
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Wolbachia Evolves Rapidly

(.06
— R. prowazekii

”.m K. conorit

Walbachia pipientis wMel

. crescents
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Insect Symbiont Tree

Xanthomaonas_campestris_pv._campestris

Xanthomaonas_axonopodis_pv. _citri

" %¥ylella_fastidiosa_Temeculal

Haemophilus_influenzae_Rd

Pasteurella_multocida

Wigaglesworthia_glossinidia_endosymbiont_of

Candidatus_Blochmannia_floridanus

@ Buchnera_aphidicola_str._Sg

—— @ puchnera_aphidicola_str._APS

Buchnera_aphidicola_str._Bp

" Baumannia_cicadellinicala

Escherichia_coli_K12

Escherichia_coli_Q157_H7

salmaonella_typhimurium_LT2

salmonella_enterica_subsp._enterica

Yersinia_pestis_CO092

Yersinia_pestis_KIM

—®Vibrio_cholerae

@ pseydomonas_aeruginosa_PAOl

Ralstonia_solanacearum

Wu et al. In preparation



Intracellular Organisms and
Evolutionary Rate

 Many intracellular bacteria have higher
evolutionary rates than free-living relatives

 Two main theories to explain this:
— loss of DNA repair

— altered population genetics (e.g., bottlenecks)

44 TIGR




Wolbachia Has Similar Repair Genes
to More Slowly Evolving Species

Repair Category Gene Name

MMR mutS1, mutLl, mutl?2

NER uvrABCD

BER Jpg, mpg, nth

AP Endo xth

Rec recA, ruvABC, recG,
recFJR

Other ligA, ssb, radA

:ll:l. TlGR Wu et al., 2004




Insect Symbiont Repair

Buchnera Buchnera Buchnera  Wigglesworthia Blochmannia Baumannia
(APS) (BP) (SG)
Base Excision Repair
Ung 2i15616802 gi27904674 - 2i32491032 2i33519990 GEBCORF00107
MutY gi15617145 gi27904974 gi21672797 - ¢i33519714 -
Fpg - - - - - GEBCORF00321
Nfo gi15616757 2i27904631 2i21672420 - - GEBCORF00528
Xth - - - €i32491120 2i33519889 -

Nucleotide Excision Repair
UvrD 232491021 GEBCORF00274

Transcription-Repair Coupling Factor
Mfd gi15616905 gi27904769 2132490848

Mismatch Repair

MutL gil15617161 gi27904987 gi21672810 GEBCORF00079
MutS gi15617028 gi27904861 gi21672681 GEBCORF00349
MutH - gi27904531 - GEBCORF00038

8-0x0-dGTP Hydrolysis
MutT gi15616821 gi21672482

Pyrimidine Dimer Repair
Phr gi15616910 gi27904772 2i32490931

Homologous Recombination

RecG - - - - GEBCORF00259
RuvA - - - - - GEBCORF00452
RuvB - - - - - GEBCORF00451
RuvC - - - 2i32490863 - GEBCORF00453
RecB gi15617053 gi27904885 gi21672704 gi32491015 gi33519733 GEBCORF00043
RecC gi15617052 gi27904884 gi21672703 gi32491014 gi33519731 GEBCORF00042
RecD gi15617054 gi27904886 gi21672705 gi32491016 gi33519732 GEBCORF00044
RecA - - - 2i32490984 - GEBCORF00346
RecJ - - - 2i32491188 - GEBCORF00298
RmuC - - - - gi33520059 GEBCORF00163

:'l :l. TIGR Wu et al. In preparation




s|la_fastidiosa_Temeculal

smophilus_influenzae_Rd

rella_multocida

Biyigglesworthia_glossinidia_endosymbiont_of

B Candidatus_Blochmannia_floridanus

Buchrnera_aphidicola_str._5q

Buchnera_aphidicola_str._APS

ichia_cali_K12

ichia_coli_Q157_HF

nella_typhimurium_LT2

hella_enterica_subsp._enterica

lia_pestis_C092

BBychnera_aphidicola_str._Ep

BRaumannia_cicadellinicola

Wu et al. In preparation




Organelle Derived Genes 1n the
A. thaliana Nuclear Genome

Pathway Genes
Mismatch Repair W\ INY
Base Excision Repair |Fpg, Tag?

Nucleotide Excision |[Mfd
Repair
Recombination RecA, RecG

Direct Repair Phr
Other Lon

:ll :l. TlGR Eisen and Britt, 2000




More Questions V:

One of these things just does
not belong here

44 TIGR




Other Unusual Patterns

RecBCD but no RecA

Mtd but no UvrABCD

No Ung in thermophiles

Rad25 1n some bacteria

No MSH4, 5 in many eukaryotes
No CSB 1n some eukaryotes

Tons of repair genes in Mimivirus

44 TIGR




Archaea

e NER
— UvrABC 1n some
— Rad1, Rad2, Rad25 etc in others

— Some species with both

 MMR

— Many species with MutS2 only
— Some with multiple MutLs, MutS1s
— Three MutSs in Halophiles

44 TIGR




Even More Questions?

You ain’t seen nothing yet

44 TIGR




Biased Sampling of Genomes

Most bacterial genomes
come from three phyla

Other phyla Most thla have no
29%
genome sequences

Proteobacteria
43% .
Even worse sampling

for eukaryotes and
( Firmicutes

Bacteroidetes 19% arChaea
1%

Actinobacteria
8%

267 genome seguences

Hugenholtz 2002
23 TIGR




e Atleast 40
phyla of
bacteria

23 TIGR




e At least 40
phyla of
bacteria

Genome
sequences are
mostly from
three phyla

23 TIGR




e At least 40
phyla of
bacteria

Genome

sequences are
mostly from
three phyla

Some other
phyla are
only sparsely
sampled
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At least 40
phyla of
bacteria

Genome
sequences are
mostly from
three phyla

Some other
phyla are
only sparsely
sampled

Solution:
sequence
more phyla




Solution II:
Environmental Sequencing
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Duplication and Loss of UVDE

Schizosaccharomyces pombe

N@MI/'OSpOVCZ crassa

Clostridium perfringens

Bacillus subtilis

Bacillus cereus

Bacillus anthracis UVDE2
Bacillus halodurans
Bacillus anthracis UVDEI
Deinococcus radiodurans
Nostoc sp. PCC 7120
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Answers I:

Better Bioinformatics
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Non Homology Based Functional
Prediction: Phylogenetic Profiles

Proc. Natl, Acad. Sci. V54
Vol. 96, pp. 4285-4288, April 1999
Biochemistry

Assigning protein functions by comparative genome analysis:
Protein phylogenetic profiles

{genomic/bivinformatics / metabolic pathways /structural complexes)

MATTEO PELLEGRINTY, EDWARD M. MARCOTTE®. MICHAEL J. THOMPSON, DAVID EISENBERG. AND TopD O. YEATEST
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Non-Homology Prediction:
Phylogenetic Profiles

e Step 1: Search all genes in
organisms of interest against
all other genomes

e Ask: Yes or No, 1s each gene
found 1n each other species

e Cluster genes by distribution
patterns (profiles)

44 TIGR




MutL and MutS1 Always Together

Table 3. Presence of MutS Homologs in Complete Genomes Sequences

Species # of MutS Which MutL
Homologs Subfamilies? Homologs

Bacteria
Escherichia coli K12
Haemophilus influenzae Rd KW20
Neisseria gonorrhoeae
Helicobacter pylori 26695
Mycoplasma genitalium G-37 -
Mycoplasma pneumoniae M129 -
Bacillus subtilis 169 MutS1, MutS2
Streptococcus pyogenes MutS1,MutS2
Mycobacterium tuberculosis -
Synechocystis sp. PCC6803 MutS1,MutS2
Treponema pallidum Nichols MutS1
Borrelia burgdorferi B31 MutS1,MutS2
Aquifex aeolicus MutS1,MutS?2
Deinococcus radiodurans R1 MutS1,MutS2

Archaea
Archaeoglobus fulgidus VC-16, DSM4304
Methanococcus janasscii DSM 2661
Methanobacterium thermoautotrophicum AH

Eukaryotes
Saccharomyces cerevisiae
Homo sapiens
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Co-Occurrence of Spo Genes

-Usa e Hints

; o - . '_' -. T r | ,-j.d THRNeNE 7 el
kF: D ' fin ) Click to select node
ks 5.5, 3 - ) - use arrow keys to navigate tree
. T -

i

min |u|1




Co Occurrence of UvrABC

PG Profiling/GHA/halo.cdt

806

-"u"'lEW Status

R 88 Usage Hints
Mo status info for TextView GSSCcconae Click and drag to scroll

methylenetetrahydrofolate dehydrogd
DHA gyrase subunit B GyrB

DHA gyrase subunit A Gyrk

excision nuclease chain C UvrC
excision nuclease chain B UvrB
excision nuclease chain A Uvrk

/G specific adenine glycosylase rg




ccurrence of Muk, SeqA, MutH

TreeView : fUsers/jeisen/Desktop /PG profiles/COGs/cog_10.cdt

'Usage Hints
Mouse over to get info

£

Chla.tra
Rick.prow
Trep.pall
Therm.mar
Heli.pyl
Haem. in
Meis.meni
Vibr.cho
Myeco.tub
Baci.sub

FFseu.asru

=

COG3056 - [M]Uncharacterized lipoprotein
COG3317 WlpeE [M]Uncharacterized lipoprotein
COG3203 OmpC [M]0uter membrane protein (porin)

g

COG3064 Tolk [M]Membrane protein invelwed in coli
COG3061 Daphk [H]Cell enwvelope opacity-asscciated
COG3095 MukE [D]Uncharacterized protein involved
COG3096 MukB [D]Uncharacterized protein involved
COG3006 MukF [D]Uncharacterized protein involved
COG3057 Seqh [L]Wegative regulater of replication
COG3050 HelD [L]1DHA polymerase III, psi subunit
COG3066 MutH [L]1DHA mismatch repair protein
COG3102 = [S]Uncharacterized BCR

COG3097 [S]Uncharacterized BCR

COG3140 [S]Uncharacterized BCR

Y= i

COG30%99 [S]Uncharacterized BCR
COG3101 [S]Uncharacterized BCR
CoG3llz [S]Uncharacterized BCR
COG3074 [S]Uncharacterized BCR

COG3110 [S]Uncharacterized BCR
COG3108 [S]Uncharacterized BCR

e AT T




Answers 11:

Novelty 1s good and bad
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Deinococcus radiodurans

¥dd Microbe Survives
Vast Dose of Radiation

By MALCOLM W. BROWNE

A bacterium can
O ONE knows for sure
Nwhether any creature reassemble broken

could maintain even a

spark of life while drifting chromosomes.

through the killing environment of
interstellar space for thousands of




DNA Repair Genes 1n D.
radiodurans Complete Genome

Process

Genes in D. radiodurans

Nucleotide Excision Repair
Base Excision Repair

AP Endonuclease
Mismatch Excision Repair
Recombination

Initiation

Recombinase

Migration and resolution
Replication
Ligation
dNTP pools, cleanup
Other

44 TIGR

UvrABCD, UvrA2

AlkA, Ung, Ung2, GT, MutM, MutY-Nths,
MPG

Xth

MutS, MutLL

RecFJNRQ, SbcCD, RecD

RecA

RuvABC, RecG

PolA, PolC, PolX, phage Pol

DnlJ

MutT's, RRase

LexA, RadA, HepA, UVDE, MutS2

White et al, 1999




Problem:

List of DNA repair gene homologs
in D. radiodurans genome 1S not

significantly different from other
bacterial genomes of the similar size
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e Atleast 40
phyla of
bacteria
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e At least 40
phyla of
bacteria

Most DNA
metabolism
studies 1n two
phyla
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e At least 40
phyla of
bacteria

Most DNA
metabolism
studies 1n two
phyla

Deinococcus
1s distant
from any
well studied
organism
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At least 40
phyla of
bacteria

Most DNA
metabolism
studies 1n two
phyla

Deinococcus
1s distant
from any
well studied
organism

Solution:
more studies
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