Microbial Genomics and Chromosome Organization
Prokaryotic Chromosome Organization

Generation of full genome sequences

Genomic Structure & Functional Genomics

Genome size vs. No. of orfs

Minimal genome concept

Lessons from full genomes

TABLE 7.1 Kinds of gene
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Red genes regulate cellular
processes.

Yellow genes regulate
replication.

Green genes regulate the
production of the cell
envelope.

Functional Organization of H. influenzae: 1.8 Megabases




I EREWE  Comparison of regulatory genes in selected

bacterial genomes

# Genes in # Regulatory % of
Microorganism the Genome  Proteins Total
Pseudomonas aeruginosa 5570 468 84
Escherichia coli 4289 250 5.8
Bacillus subtilis 4100 217 5.3
Muycobacterium tuberculosis 3918 117 3.0
Helicobacter pylori 1566 18 1.1

E. coli K-12 Genome Organization Lessons
Cured of F-plasmid and Lambda phage, 4.6 Mbs

88% of genome comprised in 4200 orfs

1% tRNAs and rRNAs

0.5% noncoding repetitive sequences

10% regulatory sequences, including promotors,
operators, origin and terminus of DNA replication

70% single copy genes
Some gene clusters, e.g., lac, trp, his, and NOT arg
~6%0 polycistronic mMRNAs

E. coli K-12 Genome Organization Lessons (cont.)

Gene orientation can be in both directions,
however, highly expressed genes in the
same direction as DNA replication forks travel.

For example, all 7 rrn operons
Rem: transcription always 5’ to 3’

Also found were several different cryptic,
defective prophages and IS elements.

18% of genome from horizontal gene transfer,
including large regions (~40Kb) known as
islands of pathogenicity.

TABLE 15.2 Gene function in bacterial genomes

 in that category
Functional Escherichla My
categories coli influenzae genitalium
Metabolism 210 19.0 146
Structural 55 4.7 3.6
Transport 10,0 70 73
Regulation 85 66 60
Translation 4.5 8.0 216
Transcription 13 1.5 26
Replication 27 4.9 6.8
Other, known 85 5.2 58
Unknown 381 430 320

 size of the chromosome of each of these species and the number of

open reading frames that each
s, see Table 15.1

Genome size vs. ORFs
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Global Transposon Mutagenesis
and a Minimal Mycoplasma
Genome

Clyde A. Hutchison III,"** Scott N. Peterson,'*+ Steven R. Gill,"
Robin T. Cline,' Owen White,' Claire M. Fraser,'
Hamilton O. Smith,'; ). Craig Venter'{§

Mycoplasma genitalium with 517 genes has the smallest gene complement of
anmy independently replicating cell so far identified. Global transposon mu-
tagenesis was used to identify nonessential genes in an effort to laarn whather
the naturally cccurring gene complement is a true minimal genome under
laboratory growth conditions. The positions of 2209 transposon (nsertions in
the completely sequenced [enomes of M. genitalium and its dose relative M.

jae were d by sequencing across the juncticn of the trans-
poson and the genomic DNA. These junctions defined 1354 distinct sites of
insertion thatwere not lethal The analysis suggests that 265 to 350 of the 480
protein-coding genes of M. genitalium are essential under laboratory growth
conditions, including about 100 genas of unknown function.

265 to 350 genes are the minimum necessary genome

The complete genome of the
hyperthermophilic bacterium
Aquifex aeolicus

Gerard Deckert 1, Patrick V. Warmen® . Terry Gaasterland |, William G. Young', Anna L. Lenox', David E. Graham:,
Ress Overbeek:, Marjory A. Snead:, Martin Keller, Monette Aujay’, Robert Huberl, Robert A, Faldman-,
Jay M. Short', Gary ). Olsen: & Ronald V. Swanson'

oxygen, carbon dioxide, . Thy dex mbtabokc 1 A Bookcus 16 RanNction 48 3
il

soures) | a umr $ Mok, . Motabolic Baxsbibly sois 1o b
I a et Ror

the Bacteria. only a few specific hdhahn d Ihumoﬂ!lh‘ are apparent from the genome. Hara wo doscriba the complete
genomo 1,561,535 b oiganism,

Metabolic pathways and transport systems for Thermotoga maritima
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aCICR[ES  Distribution of genes of unknown function among selected

bacterial genomes (Fart 1)
Genome Size  No.of ORFs Unknawr

Organism (Mbp) 1% coding) Function Unigue ORFs
Aeropgrinm permix K1 167 LESS (59
A, oeolicus VFS 150 1749 (93%) 663 [44%) 7 (ZE)
A, filgidus 218 245 (92%) 135 (M%) 641 (26%%)
B, substilis 420 4779 (57R) 172 (2%} 1053 (26%)
B. burgdorferi 144 1738 (55%) 1132 (65%) 652 (3%)
Chlamydia 123 113 (50 543 (48%) 62 (23%)

precrmomise AR
Chlamydia 107 9% (91%) /3 (38%) A

trachomsatis Mo,
C. trachomsatis serosar D 1.4 928 {92%) X0 (3%} 255 (29%)
Deimacocous radiodnrans 3m 318 (1% 175 (M%) L001 (31%)
E. ooli K-12-MG1655 460 5295 (&8%) 1632 (38%) 1114 (26%)
H. influenzae 153 173 (s8%) 595 (35%) 37 (14%)
H. plori 26695 1.66 1589  (91%) T (45%) 539 (33%)
Methanobacteriimm 175 2008 (90%) L0I0  (54%) 4% (Z7%)

Haermotin fodropivicran

Distribution of genes of unknown function among selected

bacterial genomes (Mot )
Genome Size No.of ORFs Unknown
Organism (Mbp) 1% coding) Function Unigue ORFs
Methanococcus 166 1783 (ETR) 1076 (62%) 525 (30%)
M. tubercilosis 441 455 (9I%) 1521 (3¥%) &6 (15%)
CSUS93
M. gemitalium 058 483 (%) 173 (37%) 7 2%)
AL prreimomiae 081 680 (B¥E) M8 (W) 67 (10%)
N. memingitidis MOS8 P2} 2155 (8¥%) 8% (40%) 517 (M%)
Pyrococcus 174 196 (91%) 589 (42%) 453 (22%)
Tovikoshii OT3
Rickensia prowazekii m &78 an 209
ke 75%) (37%) (25%)
Symechocystis sp. 357 4003 (B7%) 2384 (75%) 1426 (45%)
T. maritma MSBS 18 1579 (95%) B3 (46%) I3 (%)
T. pailidum 114 1039 (9F%) 461 (M%) 280 (7%
Vibria cholerae 403 3590 (88N 1806 (46%) 94 (M%)
El Tor K165
Totals: 060 Se62 () LIBUIE) 12161 (23

From Fraser et al, Nature 2000, vol. 406, p. 500
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Lessons from full genomes

Size range 600Kb to 12Mb

Vast number of putative genes with no known function.

Pathogenicity conferred by “Pathogenicity Islands”
44 5Kb in Bacillus anthracis

Symbiotic Island of >600Kb in Sinorhizobium loti
including genes for nodulation and N-fixation

Adaptive gene losses in parasitic bacteria
Rickettsia and Chlamidia are ATP thieves using
the same “alien” ADP/ATP translocase

Microbial Genetic Exchange and Plasmids
Microbial Genetic Exchange is unidirectional!
Transformation
Transduction
Conjugation

Each requires Homologous Recombination

Types of plasmids

Microbial Genetic Exchange

Conjugation: Plasmid
Plasmid-containing donor Loy

Conjugation: Chromosome
Donor cell with anster
integrated plasmid
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Demonstration of transformation
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Generalized transduction
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Generalized transduction (cont.)
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Homologous Recombination
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Types of homologous recombination in bacteria

Recombination forms
chimeric plasmid.

Homelogous regions
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Types of homologous recombination in bacteria
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2 shown in the electron microscaops. The plasmids (amows] ane the
roudar structures, much smaller than the main chromesamal DNA.
The ceil {large, white structurs) was broken gently so the DA would
Pamain intact.




F plasmid

Plasmids of pathogenic bacteria
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