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Only 1-10% of all soil bacteria
are considered to be culturable

A species may be uncultivable
A some species require special conditions
A species in relatively low density
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The great plate count anomaly

The term ©the great plate count ¢
Konopka Ann. Rev. Microbiol. 39:324, 1985) to describe the difference
between the numbers of cells from natural environments that form

viable colonies on agar medium and the numbers obtained by
microscopy.
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How to measure belowground
biodiversity?

Does It matter |fone species disappears?
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Methods for studvina microorganisms

Plate-count method
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Methods to study the belowground microbial communities
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Mercado Blanco J, Abrantes |, Barra Caracciolo A, Bevivino A*, Ciancio A, Grenni P, Hrynkiewicz K, Kredics L, Proenca

Belowground Microbiota and the Health of Tree Crops. Front Microbiol. 2018 Jun 5:9:1006.
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Mercado Blanco J, Abrantes |, Barra Caracciolo A, Bevivino A*, Ciancio A, Grenni P, Hrynkiewicz K, Kredics L, Proenca

Belowground Microbiota and the Health of Tree Crops. Front Microbiol. 2018 Jun 5:9:1006.
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TABLE 1 | Continued

Methods Advantages Disadvantages Crop examples
Next-generation sequencing Rapid to assess biodiversity and abundance of Massive amount of sequencing data of DNA Maritime pine (Pinus pinaster)
(NGS) many species/organizational taxcnomic units {genomic or PCR amplified fragments) or BNA

simullaneously

DNA sequence analysis of the Fast ano accurate for the identification of
internal transcribed spacer [ITS) mycorrhizal fungi and characterization of their
regicn for mycarrhizal studies distribyution.

error dislribulion wilhin reads of a library;
insertions or substitution erors; relatively
expensive;

replication and statistical analysis are essential;
computational intensive; challengirg in terms of
clata analysis

Relatively expensive, especially in case of
metagenomic analyses

Ectomycorrhizas of poplar {Popuius
nigraxmaximowicziiy and willow clone
{Salix viminalis] cultivated as SRF,
mycorrhizal fungi of willow (Salix spp.
L.} frem hydrocarbon-contaminated
sails, AMF of Acacia gerrardii under
salt stress

A few flustrative examples of herbaceous plants are also given.

Mercado Blanco J, Abrantes |, Barra Caracciolo A, Bevivino A*, Ciancio A, Grenni P, Hrynkiewicz K, Kredics L, Proenca

Belowground Microbiota and the Health of Tree Crops. Front Microbiol. 2018 Jun 5:9:1006.
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Approaches for assessing diversity

Microbial
community
CUIV wc acid extraction
.Orgar?ism , Molecular
isolation characterization
4 N )
Intra-specific Inter-specific
diversity diversity
CULTIVABLE FRACTION TOTAL MICROBIAL COMMUNITY
/L /
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Microbial and
functional diversity
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Typing methods: Intra -species diversity

A RandomAmplified PolymorphicDNA(RAPD]Js a PCRbasedtechnologyfor identification geneticvariation
A It is particularly suitable for study of geneticvariation at populationlevel
A Thisproceduredetects nucleotidesequencepolymorphismin DNA
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ANALISI UPGMA

The Similarity index (Sl)values between the RAPD A B C D F
profile of any two individualswere calculatedusing
the Nei genetic similarity index, on the basis of the
equation: SI=2Nij/(Ni+NJ)

s O O O
: = O = = ™
H O = O
e
N e NS S |

Nij is the number of common bonds shared
between 2 samplesl and]j
Ni and NJare the total nhumber of DNA bands for

|

A B C D kE

genotypesl andj, respectively A 5 00

.[E E 54 00
The similarity matrix data were subjected to an = C 35 87 00
unweighted pair group method for arithmetic - E;g gf gg o
average (UPGMA)cluster analysis to generate a oo e o
dendrogram The results were analyzed based on * 4
the principle that a band is considered to be AFE B C D '{E
Wp ol y mibitrigpphesentd some individualsand AE 00 I
absentin others,andWMo n o moifrpresentio &l D Gf ©o .

c €70 00 .

the individualsor accessions D 33 78 66 00 0 33 66 100
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Accessible version: https: fwww.cde. gov! pulsenet/pathagensptge himl

Pulsed -field Gel The Pulsed-Field Gel
Electrophoresis Electrophoresis Process

Bacterial Culture

UNi.ls gt in Plugs Pulsed-field Gel Electrophoresis (PFGE)

Cut DNA with Resiriction Enzyme

The scientist takes
bacterial cells from

The bacterial cells are
broken open with

Lyse Celis and Wash Plugs

E an agar plate. biochemicals, or lysed,
so that the DNA is free in
g it Aiariiim, plisgs The scientist loads the
] ) DMA gelatin plug inta agel,
; and places it in an electric
= field that separates DNA
& fragments according to
3 Plug Mold their size.
’ -
Data Analysis (BioNumerics)
= 6 The gelis stained so that

DMA can be seen under
ultraviolet (UV) light.

A digital camera takes a
photograph of the gel
and stores the picture in
the computer.

.

The scientist mixes bacterial
cells with meited agarose and
pours into a plug mold.
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£ Fingerpnnt data of HED1058
File Edit References  Mormalization

The software used to analyze PFGE patterns Mol w4 | AR Een O
normalizes differences in gel conditions to a 21 (3| Rememmton e
global reference. This allows us to compare rtomen | 3 2 5B St o

patterns between gels. Al
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Analysis of strain diversity within species

Aim: Local epidemiology Fingerprinting methods:
LAl + PFGE
. Jl,, |[m « RAPD
5 -ﬂ,  rep-PCR

Typing
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Multilocus methods:
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Microbial Typing:
MLST 9%6%,

s Sequence Typing
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LINKS
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IN DEVELOPMENT
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Policy Document Saturday 23rd September 2017

Welcome to the Multi Locus Sequence Typing home page

MLST is a nucleotide sequence based approach for the unambiguous characterisation of isolates
of bacteria and other organisms via the internet.

The aim of MLST is to provide a portable, accurate, and highly discriminating typing system that
can be used for most bacteria and some other organisms. It is envisaged that this approach wiill
be particularly helpful for the typing of bacterial pathogens.

To achieve this aim we have taken the proven concepts of multilocus enzyme electrophoresis
(MLEE) and have adapted them so that alleles at each locus are defined directly, by nucleotide
sequencing, rather than indirectly from the electrophoretic moblity of their gene products.

MLST was developed in the laboratories of Martin Maiden, Dominique Caugant, lan Feavers,
Mark Achtman and Brian Spratt.

This site is hosted at Imperial College with funding from the Wellcome Trust.
The location of the subsites for the individual species are shown on their respective front pages.

For general infarmation please Click here or to register feedback or interest Click here

http://www.mlst.ne
t
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Multilocus sequence typing (MLST) is a molecular typing technique whereby a number of well chosen housekeeping
(loci) are sequenced.

Location of the 7

housekeeping genes
used for MLST

/ PCR amplification
(7187 1721 bp)

genomic DNA

TCGCCCACGCCCGLGAACACGE AGTAACCGCCGTGTTLCTTLEG

[ s ™ il

Sequences (3017 454 b Purification of
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Multilocus Sequence Typing (MLST)

CHROMOSOMAL DNA

AMPLIFY =~ 450-BP INTERNAL
FRAGMENTS OF SEVEN

AT INNN

w UJ_J I Multi-Locus Sequence Typing (MLST)

- Loci:

A BCDEFG
Isolate 1 | | 1 3112 4 1]
Isolate 2 | | 1 3112 41 .
v Isolate3 |1 [[1 3 1 1 2 4 1 a
Sequence the seven gene fragments on both strands Isolate4 |2 |/1 3 1 134 1))
W Isolate5 |3 {21 2 3 1 1 1|7
Compare the sequences of each gene fragment with the known Isolate6 |4 (1271 2 3 6 11 i
alleles at the locus held on a database on the Internet ey S ades by saraton Isolate7 |3 121 2 3 1 1 1
v - Isolate8 [ 3 |21 2 3 1 1 1|4
Assign alleles at seven loci to give the Sequence Type (ST) - Isolate9 | 5 |32 12 2 2 2 }
v e — Isolate 10{ 6 [[34 12 2 2 2/ f W

Feil, E.J. Nat. Rev. Mic. 2(6):483-95

Compare the ST to those of previousl ed isolates




MLST
Multilocus K

h

Sequence ‘/‘// _

Typing

SUS-MIRRLIT

f_\ \.\,

PCR amplification of seven housekeeping genes

v
Sequencing on both strands, approx. 500 bp

-Sequenceofoneqeni(.'hm. 480 bp} sAllele
210 220 230 240 240
CAAR AT GTEGCATT TGO GATATCGTCARAAAT CGGTC GTACCC AL
i = AR < < N o A = AT 1
I = TN TOMIRN K S T AT = ST 1
e e v B B W S e e v (R v e B e e e AR R v 2
i i U T O R e g 1 LS 3
T T A G T ‘Mt il 3
Alleles: abcZ bBoiA cat dapE datf idh thkA
3 1 1 1 3 1 3
Sequence type (ST) Alleles
1 3111313 #-.H__Hsmme
Locus
2 121722387 Variants
ety
: L _




pubmist.org

Pub LST:’

MLST databases: global epldemlology and populatlon biology

.///i\\

www.mlst.net

MLST &%

Multi Locus Sequence Typing

Warwick databases

Escherichia coli

Moraxella catarrhalis
Salmonella enterica
Yersinia pseudotuberculosis

www.pasteur.fr/mist

Instltut Pasteur MLST Databases

Eﬁﬂﬂ@@@@ﬂm
1
2 B 2 T 3 7 1 a b
s O@ 8 5 11 8 3 5 3
4 2 4 6 4 1 6 1 1
5 & 3 3 10 ] 8 2 5
6 1 T 1 @ 2 20 1 ;]
T 6 6 4 2 6 T 2 4
8 23 O 8 12 9 11 T 13
9 9 20 15 T 4 9 & 9 Y.
Ve
Vi
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[] GCommensal
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[ ETEC
[l EHEC
O APEC
B EEC
| S flexneri
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O S boydii
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Culture -independent methods [A Accessto amuch larger reservoir of genomicand

metabolicinformation
A Link community structure and diversity to
function

.-H;C:] a.nam
. jaatcg atatagggce tla
yjgagacgacaccgagatey
Hat-._'.atgcr;ataagqa
!fga aagccagcggagsy
'il ';I caacatc ﬂﬂ-"" f
a.t qtqgraﬂ /

In afew years, the study
of uncultured
microorganismshas

expandedbeyondasking .
© Whisthere? O t o i1 nclude
the difficult question e e e e e e e

@Vhatarethey doing? O
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The long walk to genomics
A Increasingly'challenging projects
A Increasinglydifficult andlargertargets

Human cytomegalovirus - 229 kbp Mouse - 2.6 Gbp Gannn;a 10K "-ﬂEF'
j )
*h. rnﬁ‘uenzaa - 1.8 Mop i Dog - 2.3 Gbp 'Wellcome Trust 'Earth BioGenome
Epstein-Barr virus | M. jannaschi  Human! % gy 595 Ghp | UK1DK GP . Project
1?2'kbp : ' * 166 Mbp 29 f-bp. i ¥ LN e Zebrafish b Axolatl
I | I I IMpanzes 1 i 1.4 Gh I 1
Phage ¢X174 - L ) TG T 240G - ! A I 132 Gbp
S4jp | SR g BUEE : ' L
1
E ColiSsRNA | : il bl ® 1 1 1 1 i1KGenomes | ! L amofus P
120bp I i : : [ C.elagans |, 1 1 1 1 : Project (GP) | : i . I B
T : : B AT b L S y : i  a
I i I I 1 O T b I I |
. . T R
i : I I | | | I | : 1 i | R
g | I : I ! ': : | : : . : I : : : ¢
¢ ! i » ' [ Cow
i | i Vacciniavius ' _% | : | - C Mo : : '3 Gbp
i ' . 192kbp , 1 E Col i | j '65Mbp \ : -
: : ' Phage A - 48 kbp 1 148Mbp : : Sl . i : L
L . | Yeast ' 4 389 Mbp » Denisovan ' 10K Plants
e 353";3%: KA ' 12 Mbp 1 Malaria mosquito ; B i
;@ (RNA) . I 278 Mbp | Neanderthal i
Bt e A coe-zn - 12 bp M. genitalium Fruit fly Mais African clawed frog

Yeast - 76 bp (partial tRNA) 0.58 Mbp 120 Mbp 23 Gbp 3.1 Gbp
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The demand for the sequencing market is growing exponentially

A Technologiedn this field are evolvingvery rapidly

A Today's DNA sequencing market was estimated to be approximately $6 BILLIONin 2017 and is
expectedto expandto $25 BILLIONoy 2025

first generation
second generation
third generation

Development of capillary array electrophoresis (and detection techniques)
ILaunch of the Solexa Genome Analyzer

Development of the PCR technique First consensus sequence of the human genome
Development pyrophosphate detection technique lCompletion of the first human genome by Sanger sequencing
Semi-automated sequencer Completion of human genome project

year I I I
77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 1 12 13 14 15 16 17 18

Development SBS Launch of 454 GS20  [JLaunch of Illumina MiSeq
System based on pyrophosphate detection Launch of ABI 3730xI Launch of lonTorrent PGM
Launch of AB370 I I I].aunch of Oxford Nanopore MinlON
Development of Sanger sequencing Launch ABI Prism 3700 Launch of SOLID 5500 W ILaunch of Oxford Nanopore PromethlON
Genome of g174 completely sequenced Launch GE Healthcare MegaBACE 1000 I ILaunch of lllumina HiSeq
Launch of ABI Prism 310 I ILaunch of lllumina's Genome Analyzer Il

Development high-throughput capillary array DNA sequencer

Launch of PacBio RS C1
Launch of Helicos system
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Cost of services vs cost of technologies

A the cost of sequencinghas beenreducedin a way that no one could have predictedin
the spaceof a few [%/ear to the point that the goal of the $1000 genome has already
beenachievedandthat of the $100 genomeno longer seemslike a mirage

A But how muchtechnologyis behinda new generationsequencer

illumina’ ,&fe |
technologies

llluminais currently the leadercompanyin the sector

~~  BIOSCIENCES' Helicos
A NovaSeqsequencerthat can generate a human BiaBuisnsse Corporsiion
genome in less than 48 hours for less than $1000 1
hasa market cost of around$800,000! l?l.'ﬁt{? xrg ?—2_' @’ﬂlﬁNQPOHE
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To this we add the costs relating to reagents necessaryfor sequencing those necessaryfor
hardware and data storage resources(hundredsof Th of sequencedata) and those of technical
personnel..
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What Is metagenomics ?

Metagenomicsis the study of microbial communities in their original habitats, which can
givea comprehensiveansight into the interactionswithin these communities.

Metagenomicscanalso help identify individualspecieswithin microbialhabitats.

UNDERSTANDING OLUR The branches of metagenomics
MICROBIAL PLANET

FTHE WHEW ST ITEMECE CFF r..'lFT.ﬁ-I.'.F_ﬁD.!ﬂ1t:'E_I:C

biotechnological field (how can some biochemicalfunctions be exploited in
researchandindustrial fields?)

biomedical field (how are alterations in the microbiome linked to the
developmentof disease?)

ecologicalcontext (how doesthe diversity of microbialcommunitiescontribute
to the support of food chains?)
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Choosing a significant
environment for a given

: study
|solation of a Analysis of the

single strain of totality of the
interest extracted DNA

strong link between the
two disciplines
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The Whole Genome Sequencing (WGS)

Whole-genome sequencing (WGS) is a
] . ] The Whole Genome Sequencing (WGS) Process
comprehensivemethod for analyzingentire o
link cases to one another allowing an outbreak to be detected and solved sooner.
genomes ,
Bacterial Culture

While this method is commonly associated

with sequencing human genomes the

@) The DNA library is loaded onto a
sequencer. The combination of
nucleotides (A, T, C, and G} making
up each individual fragment of DNA
is determined, and each result is
called a “DNA, read.”

o Scientists take bacterial g
cells from an agar plate = )
and treat thamg}viah [ @ Scientists make m any e
I b I fI : b I f - chemicals that break them g lcc-p-es olf each DNA [
- open, releasing the DNA. e fagment Using a process || cerssoseocroman
scalablg Tlexiple nature or next-generation e e I | |
] reaction (PCR). The pool of | eesetcrceatect DNA
= fragments generated in a | crouutcsccaas | | [ Feads
- : 3 PCR machine is called a I SOCTCCANIOCTTAT
sequencing technology makes it 4 ST  ——
: |

r 2 T =5

@ Onais cutinto short fragments V@

of known length, either by using

equally useful for sequencingany species &
4.. '

such as agriculturally important disease &
related microbes | S

o The sequencer produces millions of DNA reads and specialized
compauter programs are used o put them together in the
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The revolution of Whole metagenome shotgun sequencing

Metagenome : :
Sequencing Leave these two classic approaches moving towards a
| third approachbasedon the sequencingof the entire DNA

Quality Control library. l

N\

( Who s there? What are they doing? h . . .
e This approach is not focused on the single gene or the
Pt A;a;:‘ij e __ GeneDiverty single genome, but examines the entire biodiversity of
1 Novel Ge i i i
Aot Dty Prediction e the microbial community.
Phylogenetic Diversity <—  Binning
Novel Taxa Functional ___ Protein Family Diversity
Cancaris Sty Annotation Functional Diversity
e Novel Genomes ~—  Assembly 7 . . . . . : :
Phylogenetic  diversity  between Entire biochemical pathways in
microbial components and also the a community in detail and to
level of intraspecific  genetic create real "gene collections'
Comparative Metagenomics diversity. representedin the microbiome
Intercommunity Similarity J
Metadata Correlations Allow the reconstruction of individual complete

Biomarker Detection genomesof one or more components




[taliadomani SUS-MIRRLIT

PIAND NAZIOMNALE
DI RIFRESA E RESILIENZA

dall'Unione europea dell’Universita
NextGenerationEU e della Ricerca

Finanziato ; Ministero i

Profiling of a microbial communityl6S rRNA: why?

A Usuallybasedon single markemgenes
A Forbacterig the marker ofchoiceis 16Sribosomal RNA
A Foreukaryotesit is 18Sribosomal RNA

A Thisis asequenceshareduniversallyby all prokaryotes

A It presentsextremely conservedregions interspersedwith
highly variableregions(V1-\V9)

A Thesecanbe amplified and sequencedthanks to the use of
degenerateprimers designedon their flanking regions

Thisbypassesthe needto perform a culture
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16S rRNA: why ?

Bacteria Archaea Eucaryota
A The variable regions of the 16S orem
rRNA can be considered as sprorers  baaR Eramosge o nals
"fingerprints" that allow a specific rormatmer \ P | Methsnabaciarium | Hasohies .
speciesto be uniquelyidentified R O remieh, Cilas
anctomyces Thermoproteus Flage lates
A There are specificdatabasessuch Eacterodes St B
as the Ribosomal Database . .. Merosporit
Project, which allow comparison stex Dp kamonac

with over 3 million and 300
thousand already determined
Seq uencemf baCtenaand ArChea Given the sharing of rRNAequencesby all cellularorganisms the phylogeny

basedon 16Ssequencinghas madeit possibleto redefinethe tree of life based
on genetic molecularcriteria and nolongerjust morphologicalones
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16S rRNA: how?

, _ Region Position # b.p.
A The 9 variable regions are " 099 -
characterized by a different length, :
but also by a variable degree of V2 137-242 105
diversity V3 338-533 195
A Their phylogeneticinformativenessis V4 576-682 106
therefore different and the length e 297.879 -
also determines the choice of the
type of sequencingto be carried out e S\ETLeE =
(for example taking into account the V7 1117-1173 56
length of the reads) . R =
V9 1435-1465 30
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, ~— a. First Generation Sequencing
. U Random Genomes
Sanger sequencing NGS D GCETRER

|

165 Gene Ffllﬂmpllﬂntlunl O O B GCTATC
- 0o ~ fwh

165 Clones Overexpression

Full-lenght 165 V1-V9 regions (~ 1600 bp) S SRR

b. Second Generation Sequencing

Random Genomes
L

Directed 165 Gene PCR Amplification

._‘.._..?._.....___.
- ]
: = ; — ——
Environmental DNA e i =

& Library preparation
|=|:|- ! lllumina MiSeq sequencing
Vivz viva

¢. Third Generation Sequencing

Random Genomes

165 Gene PCR Amplification
* *:"J
e — S ————— -
Full-lenght 165 ¥1-V9 regions (~ 1600 bp)

Quick library preparation MinlOMN sequencing
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Why do we talk about «next-generation sequencing »?

A Therealrevolutionis givenby the very highthroughput

In vitro mate-paired library construction Emulsion PCR

f

~1 kb genomic
DNA fragment

A Eachsequencingrun can generate hundredsof millions of reads
(now billions) of limited length

universal
sequences
==

Q paired';wé: tags

c Enrichment & Monolayering D Cycles of Sequencing and
Four Color Imaging

Universal
linker

A The reading takes place thanks to the presence of a high
resolution optical reader,which recordsthe light signal obtained ¢
for eachpolony, which is physicallyassociatedwith very precise X
coordinatesof the solid support

A

digestion

Mmel

A Thetimes are very short and the total cost is enormouslylower
(costunderstoodas cost per sequencedbase)

A Several technologies have been developed over the yearsh
lllumina, lonTorrent (LifeTechnologiey 454 (Roche), SOLID
(AppliedBiosystems), etc

Raster Position 432 Raster Position 432
Distal Tag, Base +5 Distal Tag, Base +4
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An overview of lllumina platforms 1
different solutions for different
objectives

A These are the so-called "benchtop
sequencers, .e. benchtop
sequencersdesigned to meet the
needsof smalllaboratories

A Not suitablefor all applications

A However, note the times required
to complete a run and output. You
can try to compare this potential
with the times and costs that were
required to sequence the human
genometwenty yearsagap



