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Molecular typing

Stable target
Objective

No specific growth
requirements

Easier to standartize




Criteria for evaluating typing systems

Typeability Capacity to produce clearly interpretable results
with most strains of the bacterial species

Reproducibility Capacity to repeatedly obtain the same typing
profile result with the same bacterial strain

Discriminatory Ability to produce results that clearly allow
power differentiation between unrelated strains of the
same bacterial species

Practicality Method should be versatile, relatively rapid,
(ease of inexpensive, technically simple and provide
performance & readily interpretable results

interpretation)




GENETIC MARKER

A genetic marker is gene or DNA
sequence with a known location on a
chromosome that cam be used to
identify individual or species

* It may be a short DNA sequence



Taking advantage of evolution

The affinities of all the beings of the same class have
sometimes been represented by a great tree... The
green and budding twigs may represent existing
species; and those produced during former years
may represent the long succession of extinct species.

C. Darwin, 1872
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Nothing in biology makes sense,

except in the light of evolution. *
T. Dobzhansky, 1973

http://tolweb.org
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FEATURES

- Should be easy, fast and cheap to detect
-
= Should be polymorphic

-



Powerful Genetic Markers -

Locus-specific
Co-dominant

PCR-based
Highly Polymorphic




Molecular Typing Techniques

+ Restriction analysis
¢ Plasmid profiling
¢ Restriction fragment length polymorphism (RFLP)
¢ Ribotyping
# Pulse Field Gel Electrophoresis (PFGE)

+« PCR amplification of particular genetic targets
¢ Amplified fragment length polymorphism (AFLP)
¢ Random Amplified Polymorphic DNA (RAPD)
¢ Repetitive element PCR (Rep-PCR)
¢ Variable number of tandem repeat (VNTR) analysis and
¢ Multiple locus VNTR analysis (MLVA)

+ Sequencing-based methods
¢ Multilocus sequence typing (MLST)
¢ Single nucleotide polymorphism (SNPs)



Molecular
Phylogenetics

Step 1. Select a DNA
region that is homologous,
or similar across species
due to common ancestry.

Ribosomal RNA (rRNA)

Ideal gene for phylogenetic
studies because it :

* is an essential gene that is
present in all organisms.

+ is @a common target for
sequencing studies; large
database for comparisons.

« contains sites that are
relatively conserved (stems)
and sites that are more free to
vary (loops).




Why do we use the 16S gene?
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Types

* In prokaryotes: 23S, 5S5,16S
* In eukaryotes: 28S, 5.8S, 5S, 18S




Ribosomal RNAs in Prokaryotes:

m SIZE (Nucusonoes LOCATION

Large subunit of ribosome
16S 1500 Small subunit of ribosome
23S 2900 Large subunit of ribosome



Why do we use the 16S gene?
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Advantages:

* Universal gene (No horizontal gene transfer)

Ashadfond ot al ABM. X0570724773%

* Conserved regions
* Variable regions

» Greatdatabases and alignments

Problems:

* Variable copy number

* No universal (unbiased) primers
* (Not directly correlated with activity)
* (Lack of functional information)

Why do we use the 16S gene?
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The 16s rDNA sequence has hypervariable regions, where
sequences have diverged over evolutionary time.

Strongly conserved regions often flank these hypervariable
regions.

Primers are designed to bind to conserved regions and amplify
variable regions.

The DNA sequence of thel6S rDNA gene has been determined
for an extremely large number of species. In fact, there is no
other gene that has been as well characterized in as many
species.

Sequences from tens of thousands of clinical and environmental
isolates are available over the Internet through the National
Center for Biotechnology Information (www.ncbi.nlm.nih.gov)
and the Ribosomal Database Project (http://rdp.cme.msu.edu/).

These sites also provide search algorithms to compare new
sequences to their database.



Genome

Genes and regulatory sequences make up a
small proportion of the genome

The majority of DNA sequences in all higher

eukaryotic genomes are repetitive sequences
(50-90%)

FUNCTION?

Different sequence classes evolve at different
rates



Major Genomic Components

Tandem Repeats

Simple Sequence Repeats
Dispersed Repeats
Functional Repeats
Retroelements

Genes

Typical Fraction
10%

5%

10%

15%

50%

10%



Tandem repeats

» Polymorphism in chromosomal DNA
can arise from the presence of a
variable number of tandem repeats .

» These are short sequences of DNA at
scattered locations in the genome,
repeated in tandem (one after
another).



Simple sequence repeats

GGCTACGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA
GAGAGATGGTCGTAATG

Flanked by unique sequences (SSR/microsatellite
markers) or

Part of other repetitive elements

Dispersed OR clustered in genome
SSR markers are dispersed!



Microsatellites...



M Tandemly repeated DNA (may see in the
literature as STRs - Short tandem repeats)
— Poly A/T most common
— 1-10 bp tandemly repeated = ‘micro’ satellite
— >10 = 'mini’ satellite

M Types of microsats
— Di, tetra and tri nucleotide (used in that order)
— Perfect
— Imperfect/interrupted

— Compound
H#MVarying levels of variation associated with each type
ADifficulty in scoring



ighly Abundant In Prokaryotes And Eukaryotes
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Both In Coding And
Non-Coding Regions

Neutral?



The Major Proportion Of SSRs
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Highly
Variable




Short Tandem Repeats (STRs)

AATG

N

7 repeats

8 repeats

the repeat region is variable between samples while the
flanking regions where PCR primers bind are constant
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2. Amplify and Sequence this region across isolates....

pCR ACAGATGTCTTGTAAT COGLGCOGT {
AL Jaﬂ.ﬁﬂ'dqﬁ' ATTTAGT .xﬁﬁﬂ_;ﬁfa,&’“';,&'.';

Sequence the
PCR product

aacfccyclcw
ALLG AAATTG
CGATGGGTGG YWATGGOTTATGCTATEG
77 AATCAGGAAT TCAATT TAGAG TACTTAATAS
o GCABAGGAL TTAGAGCAACAC
L CAGGCAGATAALATATTATATCG ._AA.,_AA
CGT

P ACAGATGTCTTC T AATOCGGCOG TTGGT GGCAT
— 7 SACATTTAGT GAAAGAAATTGAT

' CGATGGGT GGAT CGATGGCTTATKX m‘ CGATC
AATTTAGAATTCAAT TTAGA ATAGTAG
CARIG GG TTAGAG

GT




Restriction analysis-based typing

RFLP: Rrestriction Fragment length polymorphism

TFLP: Terminal Restriction Fragment length polymorphism

PFG E: pulse Field Gel Electrophoresis



 —

What are Restriction Enzymes?

» Also referred to as Restriction Endonucleases

» Enters and recognizes a certain sequence on a double helix strand
of DNA, usually 4-6 base-pairs long, and cuts it

» Precise by cutting both strands 1n same location though strands
move in reverse directions; REs are able to depict the precise spot
o cut

» Able to restrict and destroy foreign DNA, such as viruses,
preventing them from entering the cell

» Used in biotechnology for cutting DNA into smaller strands for
research in gene cloning or fragment lengths among different
individuals




FEW RESTRICTION |

UNZYMES

Target sequence

Enzyme Organism from which derived (cut at *)
5" =x3'
Bam HI Bacillus amyloliquefaciens G*GATCC
Eco Rl Escherichia coli RY 13 G*AATTC
Hind I Haemophilus inflenzae Rd AAGCTT
Mbo | Moraxella bovis *‘GATC
Pst | Providencia stuartii CTGCA*G
Sma | Serratia marcescens CCC*GGAG
Taq | Thermophilus aquaticus T*CGA
xma | Xanthamonas malvacearum C*CCGGG




RECOGNITION SEQUENCES

o Each restriction enzyme always cuts at the same
recognition sequence.

o Produce the same gel banding pattern (fingerprint).

o Many restriction sequences are palindromic. For
example.

8 GAATTC 3
3 CTTAAG 5

(Read the same in the opposite direction (eg. madam, race car...)




STICKY END CUTTERS

o Most restriction enzymes make staggered cuts.
o Staggered cuts produce single stranded
“sticky-ends”.

o DNA from different sources can be spliced
easlly because of sticky-end overhangs.
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BLUNT END CUTTERS

o Some restriction enzymes cut DNA at opposite base
o They leave blunt ended DNA fragments
o These are called blunt end cutters
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Restriction Fragment Length
Polymorphism (RFLP)

* RFLP i1s a technique in which organisms may be
differentiated by analysis of patterns derived from

cleavage of their DNA.

* If two organisms differ in the distance between sites
of cleavage of particular Restriction Endonucleases,

the length of the fragments produced will differ when
the DNA 1s digested.



* The similarity of the patterns generated can be used to

differentiate species (and even strains) from one another.

* This technique 1s mainly based on the special class of

enzyme 1.e. Restriction Endonucleases.

* The varability of restriction sites have their origin in the
DNA rearrangements, point mutations within the restriction
enzyme recognition site sequences, insertions or deletions

within the fragments, and unequal crossing over



Fluorescently labelied 16S
rRNA gene amplicons R I | P

Fragmentation of
16S rRNA gene
amplicons by
restriction
endonucleases

b I d Il f J1 Digested 165
RNA
S _—el] ramplicgc?l:::

:
:

Separation of

fragments by gel
electrophoresis
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v
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Digital detection
of fragments

Fluorescence

Size of fragments



TRFLP Analysis

TRFLP = (terminal restriction fragment length polymorphism
analysis)

A way to separate multiple PCR products of the same size.
These products can be generated by a 165-rRNA PCR of
community DNA

The PCR is performed as usual with two primers, but one is
fluorescently labeled

The PCR products are then cut up using a restriction enzyme

The fluorescently labeled PCR pieces are detected
TRFLP steps:

1. Extract DNA
2. Perform 165 rRNA PCR using fluorescently-labeled primer

3. Choose a restriction enzyme for TRFLP that will give the

greatest diversity in restriction product size



T-RFLP: Terminal Restriction Fragment Length Polymorphism

Environmental
microbe sample
(single community)

fluorescence intensity

‘ Extract
.. total DNA
@ Laser
detection

fragment length
Electropherogram

PCR amplify
gene of interest

-

Add fluorescent
primer

1

Electrophoresis

4

!

-+

lcopy & label

Restriction
digest

S—

Different sizes of
labeled fragments



TRFLP (cont.)
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= Advantages

g Very sensitive

2 Fast, easy and cheap

= Disadvantages

2 Can NOT cut bands to get sequence
data

J  Requires capillary sequencer

2 Hard to distinguish noise from little
peaks sometimes



Pulsed field gel electrophoresis (PFGE)

Conventional gel electrophoresis techniques:

® scparates DNA fragments from 100 to 200 bp to 50 kilobase pairs (kb)
only

¢ DNA(>50kb) cant be separated by this method.

# In 1982, Schwartz introduced the concept that DNA molecules larger
than 50 kb can be separated by using two alternating electric fields.

® In conventional gels, the current is applied in a single direction (from top
to bottom).

# But in PFGE, the direction of the current is altered at a regular interval.



® Pulsed-field gel clcctrophorcme is based on the digestion of
bacterial DNA with restriction endonucleases that recognize

few sites along the chromosome, generating large DNA
fragments (30-800 Kb)

e basis for sE separation is the size-dependent time-

#® The basis for PFGE tion is th i lent t
associated reorientation of DNA migration achieved by
penodlc switching of the electric field in different directions.

® The DNA fragments will form a distinctive pattern of bands
in the gel, \vhlch can be analyzed visually and electronically.

#® Bacterial isolates with identical or very similar band patterns
are more likely to be related gcncnc'ﬂl\ than bacterial isolates
with more divergent band patterns.



PFGE

Agarose plug
filled with

Bacteria Step 1 Step 2 bacteria

. | Add to buffer : )
. to make Add molten agarose
suspension () to make plug

—> —>

L.yse
Step 3 cells
L1 L1 [
R N EH
Step 5 Step 4
we= === == | E|ectrophoresis Enzyme
dlgast

DNA fragments Whole, genomic DN/




Bacterial Culture
DNA |» now In Plugs

The scentist takes
bactana calls from
an agar plale,

Plug Mold

The bectienal cells we

broken open with
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Advantages of PFGE
* PFGE has proved to be an efficient method for

genome size estimation

* In PFGE DNA fragments obtained by using
endonucleases produce a discrete pattern of
bands useful for the fingerprinting and physical
mapping of the chromosome.

* The PFGE technique 1s useful to establish the
degree of relatedness among different strains of
the same species.



Applications of PFGE

PFGE is used for epidemiological studies of pathogenic organisms.

PFGE is often employed to track pathogens, such as Salwonella, Shigella,
Escherichia coli (including O157), Campylobacter, and Listeria species

PFGE has remarkable discriminatory power and reproducibility. It is

currently considered the strain typing method of choice for many
commonly encountered pathogens.

PFGE has proven extremely powerful in the analysis of large DNA
molecules from a variety of sources including intact chromosomal DNAs
from fungi, parasitic protozoa and specifically fragmented genomes of

bacteria and mammal.



LIMITATIONS OF PFGE

Time consuming (2-4 days)
Requires a trained and skilled technician.
Pattern results vary slightly between technicians.

Don’t really know if bands of same size are same
pieces of DNA.

Not applicable for all organisms.
The choice of restriction enzyme may be important to
optimize the results



--727
--630

--533
--436

--242
--194

145
97

48

FIGURE 9.1. PFGE of K. pneumo-
niae isolates. Genetic profiles were
obtained by digestion of chromo-
somal DNA with Xbal restriction
endonuclease. Lanes 2 to 6 rep-
resent chromosomal DNA patterns
of K. pneumoniae isolates recov-
ered from five patients during an
outbreak. Lane 1 shows chromoso-
mal DNA from unrelated isolates
obtained from other hospital units
during the course of the outbreak.
Lane A shows the molecular weight
standard.



Typing methods: types / subtypes

PFGE :
PFGE Type (cut-off 80% DICE/UPGMA)
PFGE Subtype (cut-off 80% DICE/UPGMA)

IR PET F




Dis advantage

® Require large quantities of high molecular weight DNA.
= Expensive process
= Time consuming

= [abor intensive



PCR- based typing

¢ Variable number of tandem repeat (VNTR) analysis and
¢ Multiple locus VNTR analysis (MLVA)



Size determination

Strain A
TR1 TR2 TR3 TR4

—oldf——if—{tdddtte—tto—

VNTR code: 5-3-7-4

Strain B
TR1 TR2 TR3 TR4

—oe off—Uidddtote—+or

VNTR code: 3-4-9-2




MLVA : MULTI LOCUS VNTR ANALYSIS

PCR of
VNTR region

Bacteria DNA

I I
I I
I 1]

N{{NIniN

+

] Gel or capillary ﬂ
— electrophoresis
- &= 1 —
- 3
2 3 1




VNTR4 VNTR7 VNTR9 VNTR10 VNTR11 VNTR19 VNTR23

abc abc¢c abc¢c abc¢c abc abc abec




Sequencing approaches

Typical workflow

Sampling

Extraction

Sample prep

Sequencing

Bioinformatics




Protocol:

2. DNA isolation 3. PCR amplifica}ion

(standard program, universal primers)

4. Agarose gel electrophoresis 5. Purify PCR products 6. Sequence



How does this organism fit into the world of available
sequence data?

Sequence the cuucssrsatcaarssomamscarma
AT 3 ] ML

PCR prOdUCt GCAAAGGAGCTGCTGTT AGAS x_A}n.u GTGCT
CAGGCAGATALLAATATTATATOGTCAAGCAATA

cGT

“Blast” se
to Genbank

Blast output:
Lists sequences
that are most
similar to yours

= N

e —
-

GENBANK = NIH genetic database with all publicly
available DNA sequences. As of 2004: > 44 billion

bp, and > 40 million sequences



BLAST ANALYSIS

Sequence alignment



This 1s a hard example.

That 1s another easy example.



This is a --hard---- example.

That is another easy example.

This is a-- h-ard---- example.

That is anothe-r easy example.

1509 dex)

This is a hard example.------

That is another easy example.




Protocol:

* NCBI GenBank webpage: http://www.ncbi.nim.nih.gov/BLAST/
- an annotated collection of nucleotide sequences
- short sequences to whole genomes
- open access
* Nucleotide-nucleotide BLAST
- paste in the linear sequence data, submit
- search is performed
- list of matches is provided

S NCBl BLAST

PubMed Entrez BLAST OMIM Taxonomy Structure
About BLAST New 15 Nov 2004 Download the BLAST poster from SC2004!
Nucleotide Protein
News
Mailing list e Quickly search for highly similar sequences e Protein-protein BLAST (blastp)
References (megablast) e PHI- and PSI-BLAST
NCBI e Quickly search for divergent sequences e Search for shont, nearly exact matches
Contributors (discontiguous megablast) e Search the conserved domain database

e Nucleotide-nucleotide BLAST (blastn) (rpsblast)



Comparisment of assembled 16S rRNA
sequences with database library

* Genbank database

[% Desceiption :::e I:::; cme - \nelu I’;_:nt__
Uncultured bactanum clone €JTU F 04 61 15S nbosomal RNA qene, | 2575 2575 100% 0.0 9%,
Streptococcus salvanus strain ATCC 7073 158 nbosomal RNA aene, « 2575 2€75 100% 0.0 0%,
Uncultured bactznum clone RL181 33h3%e03 16S ribosomal RNA aen 2571 2571 = 1A 00 CETA
Uncultured bactzrium clone SJTU € 06 81 165 ribosomal RNA qene, 2569 2569 100% 0.0 9QY,
Uncultured bactanum clone SITU D 10 61 165 ribosormnal RNA qens, 2869 22469 100% 0.0 A9%
Uncultured dactenum clone SITU D 09 61 188 ribosomal RNA qene, 2669 2864 100% 0.0 a9,
Uncultured bactenum clone SITU D 06 49 16S ribosomal RNA gene, 1569 2569 100% 00 99%
Uncultured bactzrium clone 014B-B9 163 ribosomal RNA qene, pértal 2569 2569 100% 00 9%
Uncultured bact=num clone RL182 ash31c06 16S ribosomal ANA qen 2568 2566 9% 0.0 99%
Uncultured bactanium clone SJTU € 03 56 165 ribosomal RNA gene, 2564 2564 100% 0.0 9%
Uncultured bactznum clone SITU D 06 44 16% ribosomal RNA qene, 2564 2564 100% 0.0 Aoy,
Streptococcus salivanus 16S ribosoma RNA gere, partial sequence 2564 2564 100% 0.0 Qe
Streptococcus salivanus 1635 rRNA gene, done 1V5 2564 2564 100% 0.0 99,
Uncultured bactznum partial 165 rRNA qene, isclate BFO032A102 2560 2560 5%, 0.0 9%
Uncultured bactanum clone RL182 23h34f08 16S nbosomal RNA aene 2569 2860 594, 0.0 9%,
Uncultured bactanum clone 002C-h1 16S ribasomal RYA qene, parbal 1660 2€60 o, 00 QoY
Uncultured bacterium clone SITU C 09 5¢ 16S ribosomal RNA qene, 2558 2658 100% 0.0 LT
Uncultured bactzrium clone SJTU € 02 44 165 ribosormal RNA gene, 2558 7558 100% 0.0 99%

Uncyltured bactanum clone SITU F 03 24 158 nbosomal RNA aene, | 2558 2558 100% 0.0 a8%




Identification criteria

2 99% sequence [297% and <99% |295% and <97%
similarity of sequence of sequence
similarity similarity

Species level Genus level Family level







3. Sequence alignment is crucial for inferring how DNA
sites have changed.

v mters
Taus
TN E GG celc H B G
218 GIRGGERG g I8 G
Poor alignment @lc GG c MG 8 L6
Implies that species "1” is =410 GGG CHlG g =
divergent from the others, S 1A GCXMCCHC GERT G
but this is not the case. :2:' F GEMG GERNG G G
| GGG G GGGERG
B I G F9 B O B
N J Hq 4 [ g e
0| E GG GIEGEE G G
K - K3 [ a6

Good alignment.
Species "I"” has probably
experienced a deletion event
at position #6 or #7.




4. Estimate relationships based on extent of DNA similarity.

At variable DNA positions, related
groups will tend to share the
same nucleotide.

N

The sheer number of characters is
helpful to distinguish the

'‘phylogenetic signal’ from noise.

&)

m

Molecular phylogeny of taxa A-I.

Colored letters = different from top sequence (taxon G) |

ATGTTGGCAGTCCGATGTAAGC
ATGTTGGCAGTCCGATGTAAGC

ATGTTGGCAGTCCGATGTAACC

ACG TAGCAGTCTGATGTATCC

ACG TAGCAGTCTGATGTATCC
ACG TAGCAGTCTGATGTATCC

CTGCTGGTAGTC TTTGTAACC

CTGCTGGTAGTC TTTGTAACC

CTGCTGGCAGTC GTTGTAACC

ATGCTGGCAGTC G TGTAACC

ATG TGGCAGTC G TGTCACC



rRNA gene
sequencing

9
.o.",
O
4P £y

4 1.Isolate DNA
16S rRNA gene

2. Heat to separate strands;

—
: :
add specific primers
} 3.Primer extension with
DNA polymerase
+
] 4.Repeat above steps to obtain
many copies of 165 rRNA gene
| 5.Run agarose gel and check
for correct sized product
6. Purify and sequence
PCR product

Figure 1112 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc,



Use of primers to copy the 165 rDNA gene in bacteria

Bacterium with Ribosome synthesizing 16S rDNA gene - codes for making SSU rRNA
ribosomes a protein

Forward primer Reverse primer
— P—

R > 00»,/ 2 Conserved region IATIAUICE CEIDTS 3

A
A

— ol p:m- - "—'_ 1

Copied DNA (using PCR)

CGimpeal & Roece, " &4

Loops
(sites that are more

free to mutate &
evolve faster)

-
e

A A Stems (sites that
rarely mutate &
are conserved)

.0

oot

an

Small subunit ribosomal RNA

Atomic structure of the small subunit a ribosome.
The rRNA, shown in orange, helps match the mRNA
(codon) to the tRNA (anticodon).




The 16s rDNA sequence has hypervariable regions, where
sequences have diverged over evolutionary time.

Strongly conserved regions often flank these hypervariable
regions.

Primers are designed to bind to conserved regions and amplify
variable regions.

The DNA sequence of thel6S rDNA gene has been determined
for an extremely large number of species. In fact, there is no
other gene that has been as well characterized in as many
species.

Sequences from tens of thousands of clinical and environmental
isolates are available over the Internet through the National
Center for Biotechnology Information (www.ncbi.nlm.nih.gov)
and the Ribosomal Database Project (http://rdp.cme.msu.edu/).

These sites also provide search algorithms to compare new
sequences to their database.



Why is the small subunit rRNA gene so useful ?

A

Conserved in parts — highly variable !
in other parts. Thus it a very good o
phylogenetic marker = P e W

VERY large database of sequences

'(:
\
Cell have many ribosomes which can ¢ _
be targeted with probes (e.g. FISH, | s
&TRFLP) for community analysis : ~ e ST
¢ Comserved ondy in
- the M trerm
. 5 < o Comerved ondy
16S rRNA gene sequencing is now 2 | the Arufaa
the gold standard for community g —itesia o
anaIYSiS ¢ a Conmerved within
- each domain, varable
amuong;, domaines
w Rogions that vary
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16S rRNA gene (cont.)

* It consists of conserved and variable regions

250 500 1000 1250 1542
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Conserved Areas Targeted by Primers



Which hyper-variable regions to

sequence?
| Regon | Position | #bp. |
V1 69-99 30
V2 137-242 105
V3 338-533 195
V4 576-682 106
V5 822-879 57
V6 967-1046 79
V7 1117-1173 56
V8 1243-1294 51
V9 1435-1465 30

E.coli 16S SSU rRNA hyper-

variable regions




CAVEATS TO 16S SEQUENCING

v Requires pure culture

v Different spp. can have an identical 16S

* B. bronchoseptica + B. parapertussis, M. gastri + M.
kansasii

v' Different spp. can have minimally variable 16S
« S. pneumoniae + S. mitis, M. abscessus + M. chelonae

v Genomovars of a single “species” may have relatively
different 16S sequences (P. vulgaris, E. cloacae, B.
fragilis)

v" Multiple 16S alleles within a strain




Caveats to Using GenBank

v Not a quality-controlled database
- Many sequencing errors (N, misreads, gaps)
* Many incorrect IDs
v Lots of junk sequences (anaerobes)
v Paucity of entries (Coaggulase-negative Staphylococci)
v Dated entries (Legionella micdadei vs. Tatlockia micdadei)

v Submitters assign names to new species that are not
validly published

v Highest score is not necessarily the correct species

v Alternatives (RIDOM) lack the same breadth




16S Amplicon
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e
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PROS

* Ubiquitous gene

* Contains both conserved and variable regions
CONS

* Copy number variations

* |t's only a (single) gene



Typical workflow

Sampling Extraction Sample prep Sequencing Bioinformatics

* Standardisation, standardization, standardizasion..!

* Use biological replicates and evaluate your variation...!



Driving 1dea

» Well established method
that can be used to compare different samples

* At any step we introduce bias, that have to be
taken into account
« Sampling (replicate or lie)
* Cell breakage (are you strong enough?)
» Amplification (where do your primers come from?)
* Sequencing (how good is your machine?)
* Analysis (database annotation?)



16S rRNA gene sequencing process

Bacterial colonies

v

DNA extraction

|
e — [

v

PCR product cleanup

Cycle sequencing —
|

Sequencing product cleanup

=

Sequence detection -

v

Data assembly and analysis ——— \

=




Typical workflow

Sampling Extraction Sample prep Sequencing Bioinformatics
Storage /
* Fresh
s 24h@4°C
* 24h@20°C
' Bead beating
eDNA removal . A
", = 400 ®
= 160 @
20wl @ @
S 40 @
o 20|19 ¢
—
4 6
650 W 10 min B Intensity (ms)

AAU activated sludge standard @ midasfieldguide.org CENTER FOR MICROBIAL COMMUNITIES | AALBORG UNIVERSITY «



Extraction of DNA from suspend bacterial cell pellet
in 1X Bartozol Enzyme Solution

the sample

!

Iyse bacteria with Bactozol Exz yme Solution

« Avariety of extraction methods can be MN.AN s «
used for the extraction of DNA for use in 20-60 minutes at 30 C
16S rRNA sequencing. The choice of l
extraction methods rest with the source of
the DNA sample and the amount of purity
desired. mix lysate with DNAzol

« For soil bacteria, the most common l
methods used are bead beating,
sonication, enzymatic lysis, efc. .

4 X ethanol precipitation

« For bacteria derived from other sources, sediment DNA
the mainstream DNA isolation methods
like Phenol-Chloroform method, CTAB
method are also used. l

« Modern laboratories depend on readily wash DNA pellet
available kits to achieve quick, efficient
and highly pure DNA Exiraction. l

solubilize DNA




Bacterial DNA Extraction

0.5 McFarland solution

|

L 4

o W — NoDNApresent — §

]

Heating for 10 min at 95-100°C Bead beating extraction method



Amplification of 16S rRNA

Sequence

The DNA extracted is used as the template
for PCR to amplify a segment of about 500 or
1.500 bp of the 16S rRNA gene sequence.

Broad-based or universal primers
complementary to conserved regions are
used so that the region can be amplified from
any bacteria. The PCR products are purified
to remove excess primers and nucleotides.

The PCR Amplification results in multiple
copies of the target DNA Sequence being
produced.

This resulting sequence is then used as the
template for the next step of the process
known as Cycle Sequencing.



PCR of 16S rRNA gene sequence

* Universal primers were selected to amplify 1,500bp
16S rRNA gene sequence.

S5F
0o— » 1542
Bl B I I e W
%

1540R

Black: conserved regions
White: variable regions



PCR optimization

+ Data showing results when PCR conditions were not optimized:

“

' -
!

1.5000 ==

1000 . . . U 1,500

500w ad ” ' " R 1,000

00 n.‘;. » “..HNH ?:z
Figure1A Non-specific primer- P
dimmer formation seen. No desired Figure 1B. Desired 1,540 bp

1,540 bp band present. band is present, but still non-

' specific bands seen.

I o
Cycling Conditions: Cycing Canditions

Cycles | Temp. Time Cycles Temp. Time
1 a5¢C Smin 1 95°C Smin
35 94°C J0sec 35 a4°C 40sec
52¢C 20sec 56°C 20sec
72°C 2min 72°C 2min
1 72°C 10min 1 72°C 10min




PCR optimization

Cycles Temp. Time
1 95°C Smin
35 94°C 40sec
60°C 20sec

72°C 2min

1 72°C 10min




16S rRNA gene sequencing process

Bacterial colonies

A4

DNA extraction

|
e — [

PCR prodrct cleanup

Cycle sequencing —
|

Sequencing product cleanup

5

Sequence detection -

v

Data assembly and analysis ———
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Purification of PCR product

* Amplification product was diluted 1:6 (or more
depending on band size) with PCR grade water.

A A L

— - S U s e e e

!

Faint Bands
1. 4 dilution

Brght well defined bands

1:6 dilution

No amplification
produd present
Repeatextracion
SlEp.

ey

Very thick bands
1:Bdilution




16S rRNA gene sequencing process

Bacterial colonies

A4

DNA extraction

|
e — [

PCR product cleanup

Cycle sequencing —
|

Sequencing product cleanup

=

Sequence detection -

v

Data assembly and analysis ———
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Sequencing of PCR product

* To sequence 16S rRNA gene several universal
primers were selected

o 515F g _—

-—-----——_----___;____--____-__-____J' ------- *
0n N I N NN W
*_—__-————__== —————————————

Black: conserved regions

White: variable regions



Sanger Sequencing




16S rRNA gene sequencing process

Bacterial colonies

v

DNA extraction

|
e — [

v

PCR product cleanup

Cycle sequencing —
|

Sequencing product cleanup

=

Sequence detection -

v

Data assembly and analysis ——— \

=




Sanger; Chain Termination Sequencing

* Itis PCR based method

* A modified DNA replication reaction

* Growing chains are terminated by
dideoxynucleotides

Nitrogen base




The 3'-OH group necessary for formation of the phosphodiester bond is missing in ddNTPs




Sanger; Chain Termination Sequencing

AGCTGCCCG

ddATP + ddA
four dNTPs dAdGdCdTdGdCdCdCdG

dAdGdCdTdGdCddC
dAdGdCdTdGdCdCddC

ddGTP + dAddG
four dNTPs dAdGdCdTddG
dAdGdCdTdGdCdCdCddG

ddTTP + dAdGdCddT

ddCTP + dAdGddC
@ four dNTPs dAdGdCdTdGddC
E four dNTPs dAdGdCdTdGdCdCdCdG




Purification and detection of sequencing

product
* Sequenced product was purified with Big Dye

Xterminator purification Kit.

* By capillary electrophoresis (ABI PRISM Genetic
analyzer)




1 Reaction mixture -
* Primer and DNA template » DNA polymerase 1.3 ,.u---»..l.
» ddNTPs with Nourochromes » dNTPs (dATP, dCTP, dGTP, and dTTP) £ TS R I, s
™
Prima ansrees s v
eI’ ™
PR 1 8 T %
U NS T NS S N S et dn LotV
Targdide oSt
“mp. N e e
(TP @
rer L {  Capillary gel electrophoresis
HGTFE -8 separalion of DNA fragments

@ Primer elongalion
and chain termination

Coplbary gd

L

@ Laser detection of flourochromes
and computational sequence analysis




CTAGTGO ATCCCCCGOLOLGCET G

O n 2

4 EditSeq

& Unknown 555691 Bact16S iR rc.seq : SEQUENCE
=l [> £ (]| Fosition: 525

t 10 2 30 4P 3
lllllllllllllllllxllllJllllllllllllllll llllllllllllllllllll
AGACTTTGATCATEGC TCAGRACGAACCGCTRECAGCCTGLTTAACACATGCAAGTCGAAL
GATCAAGLCTAGCTTGLTAGGTCGAT TAGTGCCGAACGGGTCAGT AATACCTGAGTAALL
TACCTTTAACTL TOGGATAAGCCTGRGAAACTERGTCTAATACCGGATACCACCAATCTLE
CGCATGGGETGT TGGTGCAAAGCGTTATGTACTGGTTATAGATGGGCTCACGGRCTATLA
GoTeRTTHETGAGBTAACGGLTCACLAAGGLCALGACGGRTAGCLGOLLTGAGAGRGTGA
CCOO0CCACACTOOCACTOAGACACOOCCCAGACTCCTACOOCACOCAGCAOTGOOCAATA
TTGCACAATGGECCEAACCCTGATGLAGCGACCLCGLGTGAGGGATCACGLLLT TCGGET
TOTAAACCTCTOTTAGCAQOBAACAACAGAGATTOACOOTACCTOCACAGAAABCOCCED
CTAACTACCTGLCAGEAGCCGLEGTAATACGTAGGGLGUGAGLGT TGTCCCGAATTATIG
GoCCTAANACAGLTTGTACGCEGTTTGTCGCGTCTGRTGTCAAAGGCCGGACCTTAACTEL
GTGTATTGLAGTGGGT ALGGELAGALTAGAGTCLAGTAGGGEAGALTGGAATTLCTGETG
TAGCGGTGEAATGCGCACATATCAGGACGGAACACCGATGGCCAAGGCAGGTCTLTEGGET
GTAACTGACGOTGAGAACCGAAAGCATCEGGGACCGAACAGGATTAGATACCCTGGTAGTC
CATCCC

4| # | Unspecified Search




Optimization of PCR product purification
step

* Sequencing with undiluted PCR product generated very
poor data with high background noise and sequences
not being able to asseble into one contiq.
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Optimization of PCR product purification

step
* Dilution of PCR product to 1:2 generated good quality

but shorter sequences (~300bp). Dilution of PCR product
to1:4, 1.6 and 1:8 resulted in very good quality long
(>500bp) sequences .
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Labor intensiveness and Turn-around
time assessment of sequencing

Steps Procedure Labor Time Waiting time
(hands-on) (machine time)

1 Extraction of bacterial DNA 5 min 10 min

2 Master mix preparation, PCR 10 min 3 hours, 30 min
amplification

3 Analysis of the PCR product. 10 min 20 min
Loading, running, and examining
gel.

4 Dilution of PCR product and 15 min 2 hours, 30 min
Sequencing step

5 Purification of PCR products 5 min 32 min

6 Assembling capillary tray for 5 min 1 hour
sequencing, loading tray to the
Genetic analyzer.

7 Sequence assembly, editing, 10 min
database search

9 Reporting of results. 5 min

Total labor time

1 hours 5 min/ per 1
isolate (add 10 min to
each additional isolate)

8 hours and 35 min




Validation of 16S rRNA sequencing

* 129 isolates consisting of ATCC strains and
known bacterial strains were tested with 16S

rRNA sequencing
No. of known Identified to Identified to
strains genus level species
tested level
129 129(100%) 127 (98.4%)




Next Generation Sequencing
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Generation ol Multimillion-Sequence 16S rRNA Gene Libraries
from Complex Microbial Communities by Assembling
Paircd-End Illumina Recads 't
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Microbial communities host unparalleled taxonomic diversity. Adequate characterization of environmental
and host-associated samples remains a challenge for microbiolngists, despite the advent of 168 rRNA gene
sequencing. In order to increase the depth of sampling for diverse hacterial communities, we developed a
method for sequencing and assembling millions of paired-end reads from the 165 rRNA gene (spanning the ¥3
region: 200 nucleotides) by using an llumina genome analyzer. To confirm reproducibility and to identify a
suitable computational pipeline for data analysis, sequence lihraries were prepared in duplicate for hoth a
defined mixtore of DNAs from Kknown cultored bacterial isolates (=1 million postassembly sequences) and an
Arctic tundra soil sumple (>6 million pustassembly sequences). The Hlumina 165 rRNA gene libranies
represent a substantial increase in number of sequences over all extant next-generation sequencing approaches
(e, 454 pyrosequencing), while the assembly of paired-end 125-base reads offers a methodological advantage
hy incorporating an initial quality control step for each 165 rRNA gene sequence. This method incorporates
indexed primers (o enable the characterization of multiple microbial communitivs in o single flow cell lane,
may be modified readily to target other variable regions or genes, and demonstrates unprecedented and
econnmical access to DNAs from organisms that exist at low relative abundances.

Now generate V3-V4 bacterial amplicons (~450 bases)
Usually PE 300



454-based 16S amplicon sequencing

. 5D, -
— (/ ] _."s @ (@
' ' ! DNA extraction j\.lim >

Each sample assigned a 168
Sample Sample Sample o RNA gene pnmer with a unique
{ 2 3 PCR sequence of bases barcoding
GLCTOCCTCGCGOCATUAGACACAC TGCATGCTGCCTCCOGTAGGAGT TCAGAGTTTGATCCTGGCTCAGTCAGGCCTTGLCAGCOCSE
(green — adaptor A, pink - key, bius - barcode, Diack - 165 fwd primer) (black - 165 rev pnmer, pink — key, green — adaptor B)
16S rRNA V3-V5
Samples pooled for
454 saquencing
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Typical workflow

Sampling Extraction Sample prep Sequencing Bioinformatics

PCR with modified 16S primers

Hlumina adapter Pad linker 27F
5’ ~AATGATACGGCGACCACCGAGATCTACAC GTACGTACG GT AGAGTTIGATCCIGECTICAG-3

IHlumina adapter Barcode Pad linker 534R
5’ ~CAAGCAGAAGACGGCATACGAGAT 1CCCTTGTCTCC ACGTACGTAC OCG ATTACCGLGGCTGCTGE-3

PCR | \
1 Cyc e// Targetregion ’/
2. J_\//




16S Amplicon

e et Owveortang adapter sequence sed in Step 2
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Typical workflow

Sampling Extraction Sample prep Sequencing Bioinformatics

= 500 bp target amplicon

o+ Nucleotides

» ! 1 i

: k [ ¥ w | | ,  determine first base
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Typical workflow

Sampling Extraction Sample prep Sequencing Bioinformatics
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= 500 bp target amplicon

Read 1: 300 b S
. Read 2: 300 bp
. Read 1
After Sequencing:  geac?
Barcode =~
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Abundant taxa

Rare taxa

16S rRNA gene library
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Available online at www.sciencedirect.com Current Opinion in

"“2*"ScienceDirect Microbiology

e
High-throughput sequencing and clinical microbiology: progress,

opportunities and challenges
Mark J Pallen, Nicholas J Loman and Charles W Penn

High-throughput sequencing is sweeping through clinical

microbiolegy. transforming our discipling in its wake. It is ; ;
already providing an enhanced view of pathogen biology htt / / atho enomlcgham.ag.uk/blo / 20 I
through rapid and inexpensive whole-genome sequencing and |/08/ar e-diagn ostic-and -D ublic-health-

more sophisticated applications such as RNA-seq. It also

promises to deliver high-resolution genomic epidemiology as bacte riologx-readx-to-becom e-bra nches-

the ultimate typing method for bacteria. However, the most

revolutionary effect of this 'disruptive technology’ is likely to be Of’ enomic-m ed icin e/

craeation of a novel sequence-based. culture-indepandent
diagnostic microbiology that incorporates microbial
community profiling, metagenomics and single-cell genomics.
We should prepare for the coming ‘technclogical singularity’ in
sequencing, when this technology becomes so fast and so
cheap that it threatens to out-compete existing diagnostic and
typing methods in microbiology.
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