TABLE 7.1 Kinds
Microbial Genomics and Chromosome Organization Element
crobial Genomics and Chromosome Org o Chromosomal &
Prokaryote
nonchromosomal
. . Chromasome Extremely long, usually circular, .
Prokaryotic Chromosome Organization doubie stranded AT genetic elements
Plasmid Typically a relatively short, usually
circular, double-strandied DNA
Generation of full genome sequences molecule which is extrachromosomal
Viral genome Single- or double-stranded DNA or
RMA molecule
. . . Transposabl Double-stranded DNA molecule always
Genomic Structure & Functlonal Genomics element found within another DNA molecule
Eukaryote
Chromosome Extremely long, linear, double-stranded
. DNA molecule
Genome size vs. No. of orfs Plasmid* Typically a relatively short circular or
linear double-stranded DNA maolecule
which is extrachromosomal
.. Mitoct i Intermediate-length DNA molecules,
Minimal genome concept or chloroplast ATy e B g
Viral genome Single- or double-stranded DNA or RNA
midecules
Transposable Double-stranded DNA molecule always
Lessons from full genomes element found within arother DNA molscalie
“Plasmids are very uncommen in eukaryotes

Whole-genome shotgun sequencing

(A} Construction of DNA library

A hairpin structure on end of linear DNA molecule
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Red genes regulate cellular \ 1EIJEREPE  Comparison of regulatory genes in selected

PrOCesses,

bacterial genomes
— # Genes in # Regulatory 9% of
\‘vllm:‘- ﬂlt‘_":‘-:i:‘::.'.:“"‘“' _ Microorganism the Genome  Proteins Total
eplica’
Pseudomonas aeruginosa 5570 468 84
Green genes regulate the -~ Escherichia coli 4289 250 58
pmducli\.\n of the cell Bacillus subtilis 4100 217 el
envelope- Mycobacterium tuberculosis 3918 n7 3.0
Helicobacter pylori 1566 18 1.1
Functional Organization of H. influenzae: 1.8 Megabases S e ———

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 mRNAs

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

Gene orientation can be in both directions,
however, highly expressed genes in the

TABLE 15.2 Gene function in bacterial genomes

same direction as DNA replication forks travel. Functional 3 et : hm:‘._ =
categories coli influenzae genitalium
For example, all 7 rrn operons ool 2L 2 L
Rem: transcription always 5’ to 3’ ':;rllllp:rt 100 70 73
Translation 45 8.0 216
Also found were several different cryptic, o 2 X 5
defective prophages and IS elements. St o Ve i

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




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,'} J. Craig venter'i

Mycoplasma genitalium with 517 genes has the smallast gene complament of
any indepandantly raplicating call o far identified. Global transposan mu-
tagenesis was used Lo identify nonessential genes in an effort to learn whether
the naturally occurming gene complement is a true minimal genome under
laboratory growth conditions. The pesitions of 2208 transposon Insertions In
the completely sequenced genomes of M. genitalium and its close relative M.
pneumoniae were determined by sequencing across the junction of the trans-
poson and the ganamic 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 genes of unknown function.

265 to 350 genes are the minimum necessary genome

The complete genome of the
hyperthermophilic bacterium
Aquifex aeolicus
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Metabolic pathways and transport systems for Thermotoga maritima
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Distribution of genes of unknown function among selected
bacterial genomes (Fart 1}
Genome Size  MNo.of ORFs Unknown
(Mbp) (% coding) Function Unigue ORFs
Aeropyrin permix K1 167 1885 (89%)
A aeolics VF5 150 1749 (93%) 663 (44%) W7 ()
A, fulgidus 218 243 (92%) 1315 (34%) o1 (26%)
B, subtilis 44X 4779 (87R) 17 %) 053 (26%)
B, burgoreri 14 1738 (55%) 1132 (65%) 682 (39%)
Chlamydia 1.3 LIM (0% 3 (48%) 262 (23%)
prermonize AR
107 9% (91%) B3 (38%) 7R
B MoP,
C. trachomatis serouar [ 104 928 (92%) 20 (32%) 25 (29%)
Deinococcus radiodvrais 328 3187 (91%) 1715 (54%) 1001 (31%)
E. coli K-12-MG1655 480 5295 (88%) 1632 (38%) 1114 (26%)
H. influenzae 183 1738 (88%) 555 (35%) 37 (14%)
H. prori 26695 166 1589 (91%) T4 (45%) 53 (33%)
Methanobacteriinm 175 2008 (90%) 1,010 (54%) 4% (27%)
Hhermatantotropivicran




iEER[%S  Distribution of genes of unknown function among selected
bacte

rial genomes (Fart 2}
Genome Size No.of ORFs Unknown

Organism (Mbp) (% coding) Function Unigque ORFs
Methmococcus 166 1783 (57 1076 (62%) 525 (30%)

famaschii
M. tubereulosis a4l 4205 (%) 1521 (39%) 606 (15%)

csUsa3
M. genitalium 058 483 (91%) 173 (3%) 7%
M. pricimmoice 081 680 (B¥E) M8 (37 67 (10%)
N. meningitidis MCS8 4 2155 (63%) 856 (40%) 517 (4%
Pyrococcus 174 C 589 453

N TS 15 {51%) (a25%) (225%)
W 1 &8 (75%) (R w9 (25%)
Symechocystis sp. 357 4 {7 238 7SR 14 (SE)
T. maritimt MSBS 156 1579 (95%) B3 (46%) 373 (%)
T. patlidum 114 1039 (9FE) 461 (M%) 280 (Z7R)
Vibria cholerae 403 3890 (88%) 1806 (46%) 94 (24%)

El Tor N16%

o 5060 52462 (89%) 22,358 (43%) 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

BhlA-containing
VInuSes

@@}1

Conjugation: Plasmid
Plasmid-containing donor CTELES

Conjugation: Chromosome
Donor cell with o
integrated plasmid

v e

Transformation by a Gram -positive, competent cell




Demonstration of transformation

Demonstration of transformation

Treatments
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Generalized transduction

lac* E. coli bacberium

B Hoss chromesome

— [ I
(o5 C )=
f

ot opeeon Is

QP T
i

Generalized transduction (cont.)

\

ensmemt2N
Bber) o=

\5"’
'

Specialized transduction

PhageDNA |

= b circulasized... |
gl b
i, T e
l =180 chtomatome. |
ol b

i i

| patcontaieing ONA. | .»ug-p..:.-.]




6 Lysagenized cet
St v e 1 T Phags DA Low frequency,

but efficient

Cell lyses and releases
capable of transducing

Direct contact be-
tween b conjugating bactesia is Srst
made via a pilus. The cells are then
drawn togethor to form a mating pair
for the actual ransler of DNA. This oc-
curs by retraction (depokymerization) of
the pilus within the donor cell. Note the
F-specific bacterophages on the pius
(09 Section 16.1).

Bacterial conjugation

@”@j 6“’“";@

transfer, Hhicugh brigge.
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F’ cells

Hir cell

Chromosome with
irtegrated F plasmid
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Chromoscene without
fenes A and B
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W Enzymes cut
one strand,
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produce a with DNAX...
duplex.
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...and this
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Types of homologous recombination in bacteria

(A) Recombination forms
«chimeric plasmid.

Homologous regions

Chimeric plasmid

{B)
Plasmid integrates
into chromosome,
v
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Types of homologous recombination in bacteria
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8 Shown in the electron microscops, The plisks (srmows) are the
hclar structures, much smaller than the main chramosomal DNA.
The cell {large, white structurs] was becken gently 50 the DNA would

mmain ininct,

F plasmid

Plasmids of pathogenic bacteria

Tetracycline

[Hlacusn
antibiotic

Ti plasmid

Enzymes of
phytohormone
synthesis

Ti plasmid

Enzymes of
opine catabolism
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stion of acetone and butaned {995 Section 30.11)
%, sucrose o urca utilization and nitrogen fixation
becblation and symbictic nitrogen fation
O Section 19.22)
gment production

e resistance { 900 Section 20112}
fisistance 1o codmium, cobalt, mercary, ni
L and /or zinc (99 Section 19.16)
Bact: reslstance [and produsction)

ool invasion

dlase, hemoldysin, enterotoxin (990 Sections 21.9 and 21.11)
s, K astiggen {9 Sections 12.11 and 21.11)

origenicity i plants (9 Section 19.21)

Dk 2 e of the many phmeotypes R bobe sssociated with plasmids ane
0ty 3 e well-charas trrised cvarmpdes are gives All of the ofgasdrn. given in

s ic
Strptonyors

Escherichia, Pieudomonas, Rhizobium, Staphglococcis, Streplococcs,
Sulfolobus, Vibria

Rrzobiums

Erssinia, Staphylococcus

[ Enteric bacteria, Neisseria,

Acidocella, Alouligenes, Listerit, .

Bvillis, Erteric bactesia, Lactococeus, Propiosibucterium

Salwoviclla, Shigells, Yersimia
Stapeglococcns

Escherichia

Agrobacterium

s, v hich s 8 mnemibe of the Archans.

Rt are i oy o




