Microbial Genomics and Chromosome Organization
e Prokaryotic Chromosome Organization

e Generation of full genome sequences

e Genomic Structure & Functional Genomics

 Genome size vs. No. of orfs

* Minimal genome concept

« Lessons from full genomes

Table 7.1 Kinds of genetic elements

Y Chromosomal &
Prokaryote Chromosome  Extremely long, usually circular, nonchromosomal
double-stranded DNA molecule 1.
Plasmid Typically a relatively short, gene‘hc elemenfs
usually circular, double-
stranded DNA molecule,
which is extrachromosomal

Eukaryote Chromosome  Extremely long, linear, double-
stranded DNA molecule
Plasmid® Typically a relatively short

cireular or linear double-
stranded DNA molecule,
which is extrachromosomal

All Organisms Transposable Double-stranded DNA molecule

elements always found within another
DMNA melecule
4 son CF 1 fiate-length DNA
or chloroplast molecules, usually circular
Virus Genome Single- or double-stranded DNA

or RNA molecule

“Plasmids ane uncommon in cukaryotes.
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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 8.4
Escherichia coli 4289 250 5.8
Bacillus subtilis 4100 217 =zl
Mycobacterium tuberculosis 3918 17 3.0
Helicobacter pylori 1566 18 1.1

i E. coliK-12

187
152

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% polycistronic nRNAs




E. coli K-12 Genome Organization Lessons

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

Percentage of genes on
h in that category

Functional Escherichia Haemophilus Mycoplasma

categories coli influenzae  genitalium
(4.64 Mbp)“* (1.83 Mbp)® (0.58 Mbp)”
Metabolism 210 19.0 146
Structural 55 4.7 36
Transport 10.0 70 73
Regulation 85 6.6 6.0
Translation 45 80 216
Transcription 1.3 1.5 26
Replication 27 49 6.8
Other, known 85 52 58
Unknown 38.1 43.0 320

# Chromosome size. Each organism listed contains only a single circular
chromosome.

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

Clyde A. Hutchison II,"2* Scott N. Peterson,'* Steven R. Gill,"
Robin T. Cline,' Owen White,' Claire M. Fraser,’
Hamilten O. Smith,"} J. Craig Venter'f§

Mycoplasma genitalium with 517 genes has the smallest gene complement of
any independently replicating cell so far identified. Global transposon mu-
tagenesis was used to identify nonessential genes in an effort to learnwhether
the naturally occurring gene complement is a true minimal genome under
laboratory growth conditions. The positions of 2208 transposon insertions in
the completely saquenced genomes of M. genitalivm and its dose relative M.
P ise were ined by sequencing across the junction of the trans-
poson and the genomic DNA. Thase junctions defined 1354 distinct sites of
insartion thatwere not lethal. The analysis suggests that 265 to 350 of the 480
protain-cading genes of M. ganitalium are sssential under labaratary growth
conditions, including about 100 genes of unknown function.

265 to 350 genes are the minimum necessary genome

The complete genome of the
hyperthermophilic bacterium
Aquifex aeolicus

Gerard Deckert *, Patrick V. Warren' ', Torry Gaasterland , William G. Young, Anna L. Lenox: . David E. Graham:,
Ross Overbeek , Marjory A. Snead ', Martin Keller, Monette Aujay*, Robert Huberl, Robert A. Feldman’,
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Metabolic pathways and transport systems for Thermotoga maritima
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4 IERIES  Distribution of genes of unknown function among selected
bacterial genomes (Fart 1)
‘Genome Size No.of ORFs Unknown
(Mbp) 1% coding) Function Unigue ORFs
Acvopyrim permix K1 167 1885 (89%)
=) A acolious VF5 150 1749 (93%) 663 (44%) 7 (ITR)
A, fulgidus 218 2437 (92%) 1315 (54%) 641 (26%)
B. subtilis 420 479 (57R) 172 (42%) 1053 (26%)
B, burgionferi 1.4 1738 (58%) 1132 (65%) 682 (3%)
Chlarydia 13 113 (50%) 543 (48%) 62 (23%)
prcramoniae ARYS
mm . .07 9% (91%) /3 (38R} kol (8%)
1 o,
. trachomtis seroevr Y 104 928 (92%) 20 (32E) 255 (29%)
Deimococcus radivdrirans k] 318 (91%) 1715 (54%) 1001 (31%)
E. coli K-12-MG1655 460 5295 (&8%) 1632 (38%) L4 (265%)
H. influenzae 153 173 (&%) 595 (35%) 37 (14%)
H. prlori 26695 166 1589  (91%) T (A5%) 53 (33%)
Methamobacteriimm 175 2008 (0%) L0I0 (54%) 4% (Z7%)
Haermatintotropivicran
QEUIEREER  Distribution of genes of unknown function ameong selected
bacterial genomes (Mot )
Genome Size No.of ORFs Unknown
Organi (Mbp) 1% coding] Function Unique ORFs
Methmococcus 166 1783 (57%) 1076 (62%) 525 (30%)
M. tubercidosis 441 4275 (92%) 1521 (3%) 606 (15%)
CsUs93
M. genitalium 058 3 (@%) 173 (7R 7 2%
M. prretemoniae 01 630 (5%%) H8 (37R) a7 (10%)
N. memingitidis MOS8 P2 2155 (8¥%) 8% (40%) 517 (M%)
Pyrococcu 174 194 (51%) 589 (42%) 453 (z2%)
orikonhit OT3
Rickettsia m B8 (TSR 3 (TR 00 (25%)
Madrid E
Sumechocystts sp. 157 4 {7 FET R VT
T. maritma MSBS 156 1579 (95%) B3 (46%) 3o (28%)
T. patlidum 114 1039 (53R 461 (#4%) 0 (IFR)
Vibrio cholerae 403 EL 1506 (46%) 9H (MR
El Tor N169%6
TQIQIS: 5050 52462 (B9 22358 (43%) 12161 (23%)

Froen Fraser et al, Mature 2000, vol. 406, p. 800




- DNA replication

- Translation
Transcription
Signal transduction

- Energy generation

Relative percent of ORFs

(=]

2000 4000 6000 8000 10,000
Total ORFs in genome

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
Rickettsiaand Chlamidia are ATP thieves using
the same “alien” ADP/ATP translocase

« Relative proportions of functional genes

Microbial Genetic Exchange and Plasmids

« Microbial Genetic Exchange is unidirectional!
Transformation
Transduction
Conjugation

¢ Each requires Homologous Recombination

* Types of plasmids
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Demonstration of transformation
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Generalized transduction
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Homologous Recombination
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Types of homologous recombination in bacteria
chimeric plasmid.

Homologous regions

Chimeric plasmid

(B}
Plasmid integrates
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Types of homologous recombination in bacteria
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Phenotype class” Organisms®
Antibiotis production phomces

Conjugation Escheriohis, Paewfommonsas, RAzobum, Staphlococews, Sterp
Sulfdobus, Vibrie

Physiological functions
Diegradation of octane, o
Digraddation of herbicides
Formation of acetone and b
Lactone, sucrime or
Nodulation ared symbhotic
Pigment producton

phor, naphihalese

taewd {8 Section 1220}
ation and eisrogen fisation
trogen & 0 Se

and for rin: {590 Section 19,
Iactersocin resistance {and production]
Virulese
st cell invasion
s, heemodysin, emterotosin (955 Sections 219 and 21.11)
K antigen [S55 Sections 1211 and 21.11)

Timorigeniity in plants {285 Scction 19.21) Agrobacterium
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