Microbial Genomics and Chromosome Organization

e Microbial Chromosome Organization

e Generation of full genome sequences

e Genomic Structure & Functional Genomics

e Genome size vs. No. of orfs

* Minimal genome concept

e Lessons from full genomes

Table 7.1 Kinds of genetic elements

—y Chromosomal &
Prokaryote Chromosome  Extremely long, usually circular, nonchromosomal
) ) double-stranded DNA molecule geneﬂc elemen‘i’s
Plasmid Typically a relatively short,
usually circular, double-
stranded DNA molecule.
which is extrachromosomal
Eukaryote Chromosome  Extremely long, linear, double-
stranded DNA molecule
Plasmid® Typically a relatively short
circular or linear double-
stranded DNA molecule,
which is extrachromosomal
AllC Ti P bl Double-stranded DNA molecule
elements. always found within another
DNA melecule
4 c 1 iate-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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Functional Organization of H. influenzae: 1.8 Megabases




IEIIEREPR  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 Lt
Mycobacterium 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 like lac and trp operons
~6% polycistronic mMRNAs




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.
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Table 15.2 Gene function in bacterial genomes

Percentage of genes on
chromosome in that category

Functional Escherichi. Hi philus Mycoplasma

categories coli influenzae  genitalium
(4.64 Mbp)® (1.83 Mbp)® (0.58 Mbp)®
Metabolism 21.0 19.0 14.6
Structural 5.5 47 36
Transport 10.0 7.0 73
Regulation 8.5 6.6 6.0
Translation 4.5 8.0 21.6
Transcription 1.3 1.5 26
Replication 27 49 6.8
Other, known 8.5 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 IL"2* Scott N. Peterson,'* Steven R. Gill,"
Robin T. Cline,” Owen White," Claire M. Fraser,'
Hamilton ©. Smith,"; ). Craig Venter'{§

Mycopiasma 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 genas in an effort to laarn whether
the naturally ocouming gene complement is a true minimal genome undar
laboratary growth conditions. The positions of 2209 transposon insertions in
the completely sequenced genomes of M. genitalivm and its dose relative M.
preumoniae were determined by sequencing across the junction of the trans-
poson and the genomic DA, These junctions defined 1354 distinct sites of
insartion thatwera nat lathal. The analysis suggests that 265 to 350 of tha 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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ACERER  Distribution of genes of unknown function among selected
bacterial genomes (Fart 1)
Genome Size No.of ORFs. Unknown
(Mbp) (% coding) Function Unique ORFs
Aeropyrum permix K1 167 1585 (89%)
=) A acolices VFS 150 1748 (93%) 663 (4%} w7 (27%)
A fulgidus 218 2437 (92%) 1315 (54%) 641 (26%)
B. subtilis 420 4779 (57TR) 1722 e} 1053 (26%)
B, burgdorferi 144 1738 (88%) 1132 (65%) 682 (39%)
Chlamydia 123 113 (W0%) M3 (48R 62 (23%)
prenmomiae AR
i 107 9% (91%) /3 (38%) ko (B%)
[ MoF,
. trachomtis seravr [ 104 928 (%2R) 20 (32%) 255 (29%)
Deimococcus radiodrrans 328 3T (EI%) L1715 (54%) LO01  (31%)
E. coli K-12-MG1655 460 5295 (B8%) 1632 (36%) 114 (26%)
H. influenzae 153 1738 (88%) 595 (35%) 37 (14%)
H. prlori 26695 166 1589 (91%) T (SR 539 (33%)
Methamobacterimm 175 2008 (90%) LoD (54%) 4% (27%)

Harrmolanhotropiricran




A HERI%Y  Distribution of genes of unknown function among selected
bacterlal genomes (Part 2

Genome Size No.of ORFs Unknown
Organism Mbp) (% coding) Function Unique ORFs
Methmococcus 166 1783 (57%) 1076 (62%) 525 (30%)
fanmaschi
M. tubereulosis 4 4775 (92%) 1521 (%) 606 (15%)
CsUsa3
M. genitalium 055 483 173 (37%) 7R
M. pricimoiise 051 650 M8 (I &7 (1)
N. memingitidis MCS8 24 2155 856 (40%) 517 (4%)
Pyrococcus 174 1,994 589 (2% 453 (2R
Frovilkosshif OT3
Ricketisia provazekii 111 &5 (75%) 3 () 29 (25%)
Madrid E
Symechocystis sp. s 4003 (57%) 234 (73R 1426 (45%)
T. maritma MSBS 186 1879 (95%) 863 (48%) ¥ (%)
T. patlidurm 114 103 (93%) 461 (#H%) 280 (ZFR)
Vibries cholerae 403 380 (58%) 1806 (46%) 94 (%)
El Tor N169%
Tofals: 050 52462 (89%) 22,358 (43%) 12161 (23%)
Froen Fraser et al, Neture 2000, vol, 406, p. 800

—— DNA replication

— Translation
Transcription
Signal transduction

- Energy generation

Relative percent of ORFs
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Lessons from full genomes

« Size range 600Kb to 12Mb
« Vast number of putative genes with no known function

o 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

* 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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Specialized transduction
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Both cells

" on1 Hfr cells
F plasmid A
€ d
e —
Bacterial
chromosome a b
F plasmid Integrates
OnT into chremosome,
_(%
i

£ d
i N ‘
@ b [
Orlentation of orf T
- determines sequence.
On'T

T L3 = S
a d € B 4

(B)

Genes d and
a are transferred
early; ¢, b, and e late.

Transfer of an
integrated F plasmid

Hir cell Recipient cell

[Ccmjugatinn can be iniarrupted.]

12



F' cells

Hir el

i with
indcgraled ¥ plasmed

. Chrcmmsnse withoul
pnes A s B

[ Tecipiznt cell has |

Homologous Recombination

G A
5 kX

A B
* >}Immln§;u\m sequences
b

a

Rl 1111111 TITTTTTTTTTTTTTTITTITI, S
. JUIL TIRTTIEA T T

w‘ Crossover recombination

¥ TITTTTTTTTTTTTTTTTveeen =
TSI

4 b = Reciprocal gene
- B - exchange

>y i
5l I

5

Homologous Recombination

strand invasion

X hd ¥ X ¥ X hd
a A a A a Aa Aa |
—
5 =d_ i_E 1 = ¥ . :
| |
b B b | B b | B b B b B b B
|

1
Nick  Single-stranded
Enzymes cut Displaced DNA Y | B...and nicks
one strand, forms a duplex are resealed
with DNAX... and hybrid
produced.

tail

Coated strand
and DNA Y
produce a
duplex.

proteins,

13



Homologous Recombination
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Types of homologous recombination in bacteria

Recombination forms

(A)
chimeric plasmid.

Hemologous regions

N\ 4
W .

(B) =

%

\

3
N/

Types of homologous recombination in bacteria

E Opposite arientation. .. | Same orlentation...
[alBTc T g I £ TcThTal

aTFTcT Fi | I — a1

l Region j

undergoing
recombination (&

H «results in
o excision.
P
-..produces { [
gene imrsion.&l i
A

I
[alEIcT rl I i IcTbTal TaTbTcT

(C)

Region
undergoing
recombination

14



Plasmids

F plasmid

R plasmids of pathogenic bacteria

(%)
Tetracycline

Ovigin of ™
Eranaber in e
compagation. . /anl:hu«

fumetions.

Karsamycin——
— furctions

[l
Acosseocy Sulfanilamide
ransher s

Frsistance

Mercury
resistarice

Bacterial

15



Ti plasmid

Enzymes of
phytohormone
synthesis

Ti plasmid

Enzymes of
opine catabolism

Table 10.3 ome |
Phenotype class®
Antibiotic production
Conjugatson

Physiological functiens
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