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NDM-1 (New Delhi Metallo-beta- Iactamase)

= In December 2009 a
carbapenem-resistant K.
pneumoniae infection acquired
In New Delhi, India

= Resistant to multiple
antibiotics NDM-1 KpO1

= Also reported in E. coli and AL B )
Acinetobacter baumannii
The Lancet infectious disease 2010




Horizontal (Lateral) Gene Transfer (HGT)
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Recomblnatlon at the molecular level
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» Double-stran cded

A ’ break =
5 mmmreme Ay 7 e 3"

O Homologous recombination __
(Reciprocal recombination) T o
Double-Strand Break Model '

results from DNA strand
breakage and reunion,
leading to crossing-over
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a
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Nonreciprocal Homologous

Recombination

m Incorporation of
single strand of
DNA into
chromosome,
forming a stretch of
heteroduplex DNA

m proposed to occur
during bacterial
transformation

Association of
homologous segments

Strand separation
and pairing

Endonuclease nick
at the arrow on donor
strand

Endonuclease nicks
host strand

Gaps in strand filled
and ligated

. -\\\‘ 1‘“"'3 .l!”' | PN

Heteroduplex DNA

Figure 14.13



Site-specific recombination

m Insertion of viral genome into host
chromosomes

= insertion of nonhomologous DNA
Only a small region of homology is required

m [ransposition carried out by transposable elements
= Simple transposition
= Replicative transposition



Transposable Elements

m fransposition

= the movement of pieces of DNA around the
genome

m fransposable elements (transposons)

= segments of DNA that carry genes for
transposition

m widespread In bacteria, eukaryotes and
archaea



Types of transposable elements

nsertion sequence

m |S element
2 IR + transposase gene

m [ransposons

DT ATTW T AT
PN

:"-' __. -
ansposase
&ne

2 IS elements
additional genes

= Replicative transposons
Resolvase gene

DR IR Transposase
gene

(c)

10 Figure 14.14
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TE —A fevw hundred to several
thousand base pairs in length

- Generation of direct | e oo

repeats and cleaves at both ends of
the transposable element, releasing it fro

repeats in host DNA __
flanking a transposon

3°

Transposase carries the TE to a new site
and cleaves the target DNA at staggered
sites.

The TE is inserted into the
target site.

2003 1.

DNA gap
is filled.

Figure 13.20
11 S




- Insertion generates
direct repeats of
flanking host DNA

- usually transposon
replicated, remaining
In original site, while
duplicate inserts at
another site

- Tn3

Figure 14.16
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Effects of transposition

® mutation in coding region
m arrest of translation or transcription

= interruption of promoter regions...
= Interruption of ribosomal binding sites...

m activation of genes
= provide strong promoter segquences

m generation of new plasmids
= Multi-drug resistance plasmids

13



R Plasmid results from Tn3 Transposition

P —— RTF

Figure 14.17




Plasmids

m small, autonomously replicating DNA molecules
that can exist independently or, as episomes,
Integrate reversibly into the host chromosome

= conjugative plasmids such as the F plasmid can
transfer copies of themselves to other bacteria during
conjugation

= R plasmid, virulence plasmid, metabolic plasmid...

15



Bacterial conjugation

m The transfer of genes
between bacteria that
depends on direct cell
to cell contact
mediated by the sex

pilus encoded by F
plasmid

Region of F factor with genes
needed for conjugation

protein  of the typa IV
secretion system

T Fig. 14.18
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F plasmid integration

Homologous
recombination mediated

by IS sequence

Integrated F factor

Figure 14.20



- transfer of DNA between cells
discovered by Lederberg and
Tatum (1946)

Minimal medium without supplements

Bio* Phe™* Cys™* Thr* Leu™ Thi*
Prototrophic colonies

- -
? Pressure or suction

- cell-to-cell contact iIs e
necessary for the DNA
transfer, which T
demonstrated by } o
Bernard Davis (1950)

Fritted glass filter

Met™ Thr* Leu*Thi* \M_\ A

RS



F-mediated
conjugation

m FF2> F
= A polar gene transfer

= replicated by rolling-
circle and the
duplicate Is
transferred

= recipients usually
become F*

= donor remains F*

{8} F* % F~ eonjugation

Fig. 14.21




The type IV secretlon system

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

m [ra proteins
= TraA pilin

Aﬁg/;sg+P)Kf?\\\

ATP ADP+P
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Fig. 14.23
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Hfr cells

m Integration of F to
chromosome to
generate Hfr cell

= high frequency of
recombinants
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F* cell Hfr cell

Bacterial
chromosome

Integration of
F factor into

chromosome

—»
Origin of
transfer

F factor

(a) Insertion of F factor into chromosome

transfer




m a complete copy of
the F factor is usually
not transferred

FI g . 14 . 24 (b) i) Hifr = F~ conjugation

23
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F’ cells

m An error excision
caused the
gene of Hfr cell Is
picked up by the
F factor ()

24
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Deintegration

1 including part of
bacterial
| chromosome

(@)

Fig. 14.25(a)



Celis connected by type I
saecration :Ei':,.'*_-'-_:IEe-r'l'l

F’ conjugation -y
F X F- Mating | L DY) & 2

replication and transfer

= formed by incorrect excision JL # pasmid begins

from chromosome

m some of the F factor Is left
behind Iin the host
chromosome

m some host genes have been BN B s+
removed along with some of
the F factor

= these genes can be transferred to
a second host cell by conjugation

Fig 14.25 (b)
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DNA
transformation

m uptake of DNA
fragments and
Incorporation into
recipient

= competent cell

m uptake of a plasmid
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Transformation In
Streptococcus pneumoniae
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DNA Uptake Systems

Natural competence [[Re——_— i — _—

St membrane
G(-) Meisseria sp.
¢ Peptidoglycan

e Plasma
mambrana

G(+) Bacillus sp.

uuy membrane
L i il e

Fig 14.28
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Transduction- transfer of genes by phages

Phage DNA — Bacterial
chromosome

. % || Phage injects | | Exposureto
New phages B Y W e its DNA into stress such as
A oo UV light triggers

can bind to - cytoplasm. .
bacterial \\ N excision from host
cells. . f xchmmc-snme

y: . 5‘{ Lytic cycle ii“ Lysogenic cycle
# ; I“h e P,

Phage DNA

afg’f Cell lyses " integrates -
i aaEid and releases into host <l
the new phages. / \ chromosome. /*’
Phage DNA Y Prophage DNA
directs the . : is copied when

L synthesis of cell divides.
3‘“ { many new ‘
phages. B e, 07 ~(Prophage

Fig 14.25




Generalized
transductlon

m Occurs during lytic cycle

30

any part of bacterlal
genome can be
transferred

during viral assembly,
fragments of host DNA
mistakenly packaged
Into phage head

Phage DMNA —&L"
his*  hys* Phage infects

‘-—3 bacterial call,

Heost DA is hydrolyzed
into pieces, and phage
DA and proteins are
made.

g~

Phageas assambla;
oocasionally a phage
cames a pisca of tha
host cell chromosome.

h:'- i EI-M.F- - H . . Transducing phaga
injects its DMNA into
a naw recipient ceall.

Crossing over —

Recipiant call —— 1 § = -,-.-.
{uis= Iys= ) = Y -

The transduced DA,
s recombined into the
chromoasome of tha
racipient cell.

Heacombinant ——
bacterium

The recombinant bacterium has a genotype .;r- s )
that is different from recipient bacterial cell (his™ fys )

Figure 14.30




Specialized
Transduction

m carried out only by
temperate phages that
have established
lysogeny

m only specific portion of
bacterial genome is
transferred

m Ooccurs when prophage
IS Incorrectly excised

Fig 14.31
31




Transduction for
phage Lamda

32
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Integration to
form prophage

Normal excision

Unstable transductant Stable transductant



Transmrssron of drug resrstance

Copyright © The McGraw-Hill Compa nc. Perm required for reproduction or display
DNA fragment )
Plasmid donor Plasmid

m The origin of drug

resistance A A -
N R pla.smld f I_,l:;?ssffe?’rgf\fxt\lon ! /A glggﬁ:::'%etion '
free DNA ™ >

Tnb5, Tn21, Tn351

Gene goes to
plasmid or to

chromosome
O I ntergon bacterium ‘
- Resistance
several resistance genes S8 iii;f.?,fh“f"‘ /
carried together as gene ' resistance-
. genes
cassettes , d

Fig. 34.20
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Integron

m A gene cassette typically consists of little more
than a single promoter-less gene and a
recombination site

Intl encodes an integrase of tryosine recombinase
family

attC and attl
At least 130 different cassettes that carry

known or predicted antibiotic resistance genes,
along with many cassettes of unknown function

34 FEMS Microbiol Rev 33 (2009) 757-784



Three characterized antibiotic resistance-
conferring regions from K. pneumoniae 05-506

A UTI (urinary tract infection) isolate of KPC strain 05-506,
from a Swedish patient of Indian origin traveled to New

Delhi, India, which carries a new subgroup of metallo-
lactamase

35 Antimicrob. Agents Chemother., Dec. 2009,'p. 5046-5054



NDM-1 producing E. col

m Emergence of NDM-1-producing multidrug resistant
Escherichia coli in Australia

36 Antimicrob. Agents Chemother. doi:10.1128
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Genomics

m study of molecular organization of genomes,
their information content, and gene products
they encode

38



Determining DNA Sequences

m Sanger Method (1975)

uses dideoxynucleoside

triphosphates (ddNTP) as
chain terminator

R

m automated systems -o—;—o—p—o—p—o—CH ;
use dideoxynucleotides (‘) -
labeled with fluorescent dyes

Fig. 16.1
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Chain termination

method

m Four reactions

1S DNA template

primer

DNA polymerase

4 dNTP
one ddNTP

m random insertion of

ddNTP generates

different lengths of DNA

fragments

= fragments separated
electrophoretically

®m seguence read

40

Fig. 16.2
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o Isolated unknown DNA fragment

‘ Ongmal DNA to be sequenced

0 DNA is denatured to produce single template
strand,

LS WK 66 NG,

o Labeled specific primer molecule hybridizes to the DNA strand.

_ Primer

L""W oA A
y [a[TlalAlaTEla@

o DNA polymerase and regular nucleotide mixture
(dATP, dCTP, dGTP, and dTTP) are added; ddG, ddA, ddC, and
ddT are placed in separate reaction tubes with the regular
nucleotides. The dd nucleotides are labeled with some type
of tracer, which allows them to be visualized.

l\' +G W +C k' +A l\' T
+ Incubate

e Newly replicated strands are terminated at the
point of addition of a dd nucleotide.

T CIAICTT q
5 GIT/GAlA |

YERCTTRG
5 BTGIANTE

CEACTTAG
5 GTGAATC

TRCTTRGE
5 BT GIAAT AT

0 Schematic view of how all possible

positions on the fragment are occupied
by a labeled nucleotide

slaacmmca .
W rccceng
W GCcaAl
W xcccall
[ eiG |
[ FREC|
[ [
a8

k'+G k'+c w+A K'+T

DNA
Sequence
(el 3

FoOOOE@>E 00

+ 5
Smallest

o Running the reaction tubes in four

separate gel lanes separates them by
size and nucleotide type. Reading from
bottom to top, one base at a time,
provides the correct DNA sequence.




Automated Sanger DNA sequencmg

—GCGACAT—

sy

—-GCGACA —-GCG —-GCGAC —-GCGACAT
—GCGA -G —-GC




Post-Sanger DNA sequencing-

pyrosequencing
- - Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
: Fig. 16.4(a
m Each bead coated with PCR- |l g. 16.4(a)
amplified chromosomal il Yo

Y

Sy "
=T

fragments (300-500 bp)

m pyrophosphatase sequencing

= (DNA).,+ dNTP-> (DNA), ., +PPi by
DNA polymerase

= PPi+ APS (adenosine
phophosulfate)> ATP + SO,% by
ATP sulfurylase

= ATP+luciferin+tO2-> AMP +ppi
+oxylucerin +CO2+ light by
luciferase

| o
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A Pyrogram

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

A 4GT 2G C 3T 4G 2T G CAG2T G

AGTCAGTCAGTCAGTCAGTCAGTCAG
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Roche 454 Genome Nature Rev

: Microbiology
Sequencing (2008) May

110 bp~ 250 bp o270

'“.l_ 4 i ‘
Enzymes o T, L
onbeads g

Beads o TR
Adaptors [ p R
0

EDNA
ST A AN SRV PCR

&

a 454 technology

Sample praparation Pyrosaquencing




SOLEXA sequencmg

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

E A glass slide Primer

wached it ve . Y + ““ e TJT“‘ i
“ NH““ 1) NMW

I:I Reversmle I |

mrotzedons - P

m  Sanger-type terminator
sequencing

= 4 fluorophore
terminators
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SOLID sequencing

m  Supported oligo ligation
detection

m The DNA fragments are
lengthen by

the addition of a short
piece of DNA (the anchor
primer)
eight-base
oligonucleotides (by every
possible combination of
A-T-C-G) and each has a
fluorescently labeled A, T,
C, or G in the 4th and 5th
positions
Ligase

Exciting with laser light

46
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First round Second round

Primer 1 Primer 2
0, @D
L . - .

-2-101234567 891011 -2-101234567 891011

Hybridization
and ligation | —CT ::

Read
’ color /1

oo GC * e
51 0123@G)6 768101

Cleavage
hybridization
ligation

—» —GC ——CTx | —»——6G ——GC—*
2101230067 8Q0N @ 2101 20@5 6 7@Q10

(c) Sequencing by ligation (SOLID technology

2101 2(3@5 67891011



Whole-genome shotgun seqguencing

m Library construction
to provide the
templates

genomic clones
® random sequencing

= fragments
alignment and gap
closure

Contig- a set of
larger, contiguous
nucleotide sequences

4; Edltmg (proofread) 1995, J. Craig Veﬁter and Hamiiton Smith
1000 kb/ 24 h TIGR: the institute of aenomic research




Single-Cell genomic sequencing

Copyright @ The McGrav-Hill Companies, Inc. Permission required for reproduction or splay
m  Multiple strand displacement By g
(NDA) ‘

0 LI
DNA from single cell (down to \ 1_3 found of amplfcation
1015 g) 3|

->

random primers (hexamers) )
phage phi29 DNA polymerase LE”d round of amplfication
dNTPs

= Many new strands (12 kb~100 kb) J—ﬁt found of amplfcaton
are synthesized-> cloning-> . 9

sequencing ~————— §' Genomic DNA
L Strand dsplacement  (fom a single e

Fig. 16.7
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Bioinformatics

s Combine Biology, mathematics, computer
science, and Statistics to generate data on
genome content, structure, and arrangement

= also provides data on protein structure and
function

= DNA sequence data stored in large databases
International Nucleic Acid Sequence Data Library (GenBank)

= analysis of genome data using computers
In silico analysis

49



Genome annotation

m To determine location of genes and nature of
genes or presumed genes

m identifies open reading frame (ORF) In
genome

= areading frame > 100 codons that is not interrupted
by a stop codon

= there is an apparent ribosomal binding site at the 5’
end and terminator sequences at the 3’ end

m [0 assign tentative function of gene

50



Finding potential protein coding genes
- CDS (coding sequences)

o1

Reading direction for sequence of top DNA strand —

3  N-ile leu phe arg val ile arg pro thr arg asn phe thr arg-C
Reading—2 N-tyr phe ile ser ser asn ser thr leu asn ala lys leu his leu thr-C

frames |1 N-leu phe tyr phe glul" phe asp leu lys arg glu thr ser leu asn-C

" AATAAAATAAAGCTCATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG 5’

DNA {5' TTATTTTATTTCGAGTAATTCGACCTTAAACGCGAAACTTCACTTAAC 3’

3 C-I lysilegluleu leu glu val lys phe ala phe ser lys val -N
Reading—-2 C-ile lys asn arg thr ile arg gly val arg phe lys val arg -N
frames |1 C-asn lys ser thr asn ser arg leu arg ser val glu ser leu ser-N

-«—— Reading direction for sequence of bottom DNA strand

Fig 16.8




Alignment of the conserved regions

Consensus helical region

[ Escherichia coli
S. enterica serovar
Typhimurium
Yersinia pestis
Vibrio cholerae
Fseudomonas aeruginosa
_ Neisseria gonorrhoeae
| Xylella fastidiosa
Gram-positive | Staphylococcus aureus
Bacteria | Listeria monocytogenes
L Clostridium acetobutylicum
Hyperthermophilic [ Bacillus subtilis
Bacteria | Aguifex aeolicus
[ Thermotoga maritima
Archaea- Methanocaldococeus jannaschii
_ Archaeoglobus fulgidus
- Pyrococcus furiosus
_ Borrelia burgdorferi
™ Treponema pallidum
L Mesostigma viride
Nephroselmis olivacea

Gram-negative |
Bacteria
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Functional genomics

= Determination of how genome works

= from alignment of gene sequences
paralogs — genes arose from gene duplication
orthologs — genes very similar and are predicted to
have same function

= Involves analysis of translated amino acid

sequence of presumed genes to
understand protein structure and function

motif, a short pattern of amino acids, may
represent a functional unit within the protein, such
as the active site

o4



Physical map of the Haemophilus influenza
genome

Capyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display
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First synthetic genome

o Mycoplasma mycoides JCVI-synl1.0

= 1.08 million bp synthesized chromosome of
a modified M. mycoides genome at the J. C.
Venter Institute (San Diego, CA, and Rockuville,
MD, USA)

m= ~1kb-> 10 kb in E. coli 2100 kb in yeast
—>assembly of 10 X ~100 kb fragments In
yeast—-> mycoplasma

= The new cells have expected phenotypic
properties and are capable of continuous
self-replication (>30 divisions) and making
new set of proteins.

57 July 2010 Science 329:52-56



DNA microarray analysis (Gene Chips)

m Determine gene expression at a specific
time
= Spotted arrays

prepared by robotic application of DNA probe

each DNA probe represents a single gene or ORF
m PCR product, cDNA or oligonucleotide
m oligonucleotide probes from eukaryotes-
expressed sequence tags (EST)

= photolithography

58



Construction of DNA chip- photolithography

sl L ight-
sensitive
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Monitoring changes of gene expression

Test RNA Reference RNA

(P L
[P 1 e HF
L] By, et ..-'
[

DNA clones

Heverse \
transcription

Label cDNA with |
fluorescent dye

PCR amplification
purification

ﬁl

Rebotic
printing

Hybridize cONA
to microarray

Figure 15.9
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Hierarchical cluster analysis of gene

ight © The McGraw-Hill Companies, Inc. Permission required for reproduction o

expreSSIOn vl ’ ; Ratio

= Analysis of gene
expression of D.
radiodurans following
exposure to y-radiation

Each group of genes has
been scored for
relatedness

A tree has been
generated with indication
of correlation
coefficient (r value)

Genes induced (red) or
repressed ( ) after
radiation

=12

. Growth-related activation pattern

oAl LearenE e eten
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Proteomics

= The study of the proteome (the entire
collection of proteins )

= often analyzed by two-dimensional gel
electrophoresis

= Functional proteomics to determine what is
actually happening in cell proteome

= Structural proteomics to resolve 3
dimensional structure of the proteins

protein modeling ( on the basis of the assumption
that proteins folds into a limited number of shapes)
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Two-dimensional gel electrophoresis
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p " . ! o Microbial cells are grown under the conditions
! N VRNRANARVVA of interest.

analysis
7
9 A cross-linking agent such as formaldehyde is

,mwm added so that the protein is stably attached to

o problng DNA- proteln
”TteraCtlon [ipses ' The cells are broken and the DNA is

fragmented by sound waves, a process

EMSA (6|eCtrOphOret|C NN known as sonication.
mObIIIty Shlft assay) Or J\Immunoprecipitate

called ge | mobill |ty shift ( v @ Antibodies are added and bind to the target

protein. This increases the weight of the
assa = protein-DNA complex, so it can be selectively
y JINRES precipitated, a process known as

ChIP- chromatin
Immunoprecipitation

search for protein |
blndlng DNA j\ Hybridize DNA

\ / to microarray

- immunoprecipitation.
[\ Reverse cross-links,
\ purify DNA
R @ Cross-linking is reversed by heating, which
ﬂ‘ VN7 also denatures the DNA.

The DNA is fluorescently labeled and
hybridized to a microarray for identification.
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Comparative Genomics-
Archaea genome size

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
Archaea

Methanosarcina acetivorans & 5.75 (4853 orfs)
Methanosarcina barkeri 4.84 (3843 orfs)
Natrialba magadii 4.44 (4407 orfs)
Haloarcula marismortul s 3.42 (4388 orfs)
Methanocella sp. 3.18 (3085 orfs)

Sulfolobus soIfatariCls e —2.99 (3169 orfs)
7
Methanococcoides burtonii |t 2 .58 (2555™({s)
Sulfolobus acidocaldarius —jussd 2.23 (2344 orfs)

Metallosphaera sedula 7"_ 2.19 (2388 orfs)
Halobacterium salinarum 2.00 (2804 orfs)
Pyrococcus furiosus) s 1.91 (2180 orfs)
Methanobrevibacter smith , 1.85 (1880 orfs)
Methanococcus maripaludi§ — 1.78 (1935 orfs)
Methanocaldococcus jannaschil 1.66 (1878 orfs)
Thermoplasma volcanium ,1.58 (1660 orfs)
Desulfurococcus kamchatkensis - 1.37 (1471 orfs)
Ignicoccus hospitalis 1.30 (1544 orfs)
*Nanoarchaeum equitans —jusss ™49 (643 orfs)
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omparative Genomics-
acteria genome size
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Bacteria

Bradyrhizobium japonicurnm
Streptomyces coelicolor
Pseudomonas asruginosa
Acaryochloris marina
Bacteroides thetaiotaomicron
Microcystis asruginosa

L 9.11 (8401 orfs)

8.67 (B319 orfs)

6.60 (5925 orfs)

6.50 (8557 orfs)

6.26 (4922 orfs)

I Eschernichia coli 0157:H7T

. 5.84 (6366 orfs)
| 5.53 (5643 orfs)

Frankia S0
Bacillus anthracis
Magnetospirillum magneticurm

= ores,

x.

lisc:mc::a C{}:I :12
Ny cob

Clostridium difficile
Bacillus subtilis
Caulobacter crescentus
Geobacter sulfurreducens
Mycobacterium leprae
Deinococcus radiodurans
Staphylococcus aureus
Flavabacterium psychrophilum
Synechococcus elongatus
Swuffurowvum sp.
Thiomicrospira crunogena

Chiorobium tepidurm

Lactobacillus acidophilus
Francisella tularensis
Haemophilus influenzae
Campylobacter jejuni
Prochlorococcus marnus
Heficobacter pylori
Aquifex aeolicus
Borrelia burgdorferi
Dichelobacter nodosus
“Rickettsia conorii
*Ehriichia chaffeensis
*Chlarmydiia trachormatis
“Mycoplfasma gernitalivm

2.91 (2980 orfs)
2.86 (2505 orfs)
2.70 (2590 orfs)
2.56 (2524 orfs)
2.43 (2307 orfs)
d2.15 (2369 orfs)
1.99 (2035 orfs)
1.89 (1967 orfs)
1.83 (1774 orfs)
] 1. 78 (1990 orfs)
1.67 (2024 orfs)
1.80 (1628 orfs)
4 1.55 (1663 orfs)
1.49 (1701 orfs)
1.40 (1395 orfs)
1.27 (1419 orfs)
1.18 (1197 orfs)
1.04 (923 orfs)
s 0.580 (564 orfs)

5.23 (5973 orfs)

W 4.97 (4619 orfs)

orrs

4.29 (3989 orfs)
o 4.21 (4408 orfs)
1 4.02 (3867 orfs)
3.81 (3587 orfs)

| 3.27 (2749 orfs)

3.06 (3304 orfs)

T T T T T
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Comparative Genomics-
Eukarya genome size

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Kadl'Vd

. Paramecium tetraurelia 200.00 (40,000 orfs
Tetrahymena thermophila 103.93 (27,000 orfs)
NEUroSpOra Crassa —jus 37.10 (10,082 orfs)
Leishmania Major e 32.80 (1579 orfs)
Aspergillus fumigatus e 29.30 (9923 orfs)
Candida albicans 28.50 (14,144 orfs)
Trypanosoma brucei sl 26.00 (9068 orfs)
Plasmodium falciparum e 22.86 (5268 orfs)
Entamoeba histolytica e 20.77 (10,202 orfs)
Cryptococcus neoformans 19.05 (6744 orfs)
Saccharomyces cerevisiae | 12.07 (5860 orfs)
Giardia lamblia 11.19 (6598 orfs)
Kluyveromyces lactis —jussssss 10.69 (5331 orfs)
Cryptosporidium hominis —jusss 8.17 (3956 orfs)
*Encephalitozoon cuniculi —~juss 2.90 (1996 orfs)

f—T—F—

0 10 20 30 40

Genome size (Mb)
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Core and Pan-genomes

Copyright @ The MeGraw-Hil Companies, Inc. Permission required for reproduction or display

m Core genome- set of genes e Fig. 16.18
found in all members of a s
species (or monophyletic o

group)

m Pan genome- combination
of all different genes found
In all the different strains In

S. agalactiag

a given species ot
HGT (horizontal gene transfer)
Genomic island .
Pathogenicity island
dlfferent GC COntentS Pan-genome  Core genome 80 universal
. B. anthracis 3,800 3,600 genes
codon bias E.col 6000 2800

S. agalactiae 2,700 1,800
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Synteny
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Comparative genomics analysis

m M. leprae- Leprosy

pseudogenes-degraded
and nonfunctional genes

m M. tuberculosis (4.4 Mb)
and M. bovis (4.3 Mb)-
Tuberculosis

/1

99.5% sequence
identity

he McGraw-Hill Companies, Inc. Permission required for reproduction or display

M. leprae M. tuberculosis
3.3 Mb 4.4 Mb

B Small-molecule metabolism M Macromolecule metabolism [l Cell processes
Other functions M Unclassified functions  Pseudogenes




Reverse Vaccinology

Typical features of pathogen Vaccine approach

m TWO types of reverse [ R
Low antigenic variability Polio Conventional vaccinology
" Antibody-mediated immunity MMR Wheile call vaikias
VaC C I n O I O g y Tetanus (killed or live attenuated)
. . Influenza Subuntt
= Single species Diptheria Recombinant
. . Licensed vaccines Lonjugate

genome is examined

" High antigenic variability MenB accinology inth
fo I vaccine targ ets andior T cel-dependent GBS ggn%%e era
- LY Staphylococcus Reverse vacinclogy
= a p an- g enomicC Preumococeus Comparalive/pangenomics

Chlamydia Transcriplomics

ap p FoacC h Gonorrhea \ Proteomics

Structural vaccinolony
Immunaproteomics
Vaccinomics

Malaria
Parasite diseases
TB
HIV

No vaccine availlable

The Journal of Clinical Investigation (2009) 119: 2515-25.

/2



MetagenomicCs- an environmental genomics

m used to learn more about the diversity and
metabolic potential of microbial communities

= shotgun sequencing DNA obtained directly from an
environmental sample or series of related
samples—> determine the presence and level of
classes of genes

= Mmay serve to establish hypotheses concerning
Interactions between community members

= being viewed as a baseline technology for

understanding the ecology and evolution of microbial
ecosystems

/3 Phylochip




Construction and screening of genomic
libraries directly from the environment

Sequence-driven analysis

Cloned DMNA preparation

f - atgacgac...gatttaca

Genomic sequeance analysis
Restriction-digested 2 1 L

vector
Metagenomic librany
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Ligation Transformation OOQ
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Function-driven analysis
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Transcription

Heterologous Recombinant DNA @— mRNA

Genomic DMA
extraction

genomic DMNA Translation

‘ ; " Protein
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"‘ ; we)= .  Secretion
S I A A

J Hundelsman “Metagenomics,” MMBR ASM Press Dac 2004 Vol. 68, fig 3 page 674.

Figure 16.21
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Microbiome- phylogenetic diversity
of Sargasso sea microbes
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Sargasso sea

m portion of the Atlantic
ocean surrounds
Bermuda

= The Sargasso Sea is
well known for the
floating mats of
Sargassum weed
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The human microbiome project

m Launched by the US National Institutes of Health
(NIH) as one of its major roadmap initiatives (2007,
earmarking ~US$140 million)

N to.dete_rmine whether individuals share a core human
microbiome

= to understand whether changes in the human
microbiome can be correlated with changes in human
health

= to develop the technological tools to support these
goals

= to address the ethical, legal and social implications of
human microbiome research

Nature (2007) October 449:803-
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Gut microbiome

m The human intestine iIs home to ~100 trillion
microorganisms of at least 400 species

= 1011~1012 /ml bacteria in colon

= Many gastrointestinal (Gl) diseases are
expected to be associated with disruption of
host-bacterial interactions

PLOS PATHOGENS (2008)
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