FOOD PRODUCTION IN THE
GENOMICS ERA

Dr. Notis Argiriou

. : INNO-FOOD
“:‘% @ ::

Corumics futurs

The InnoFOOD
SEE Project




THE CHALLENGES OF
AGRICULTURE

((.INNO-FOOD
SEE



THE F OF AGRICULTURE

. _' Ai}.v
" a1t

i | 'c‘
»

Food Feed Fiber Flowers Farmaceuticals Fuels
and Parfums

.
gl S
gl i e

<, P T

Yoo EUROPE W SEE




- TT0Z AON
- TT0Z ue(

- 0T0Z uef
- 6002 ue[

- 8007 ue(

profluction Gurrent

- £002 ue[
- 9002 ue[
- 5002 ue(
- 7002 ue(
- £002 ue[
- 2002 ue(

(months)

- 1002 ue(
- 000 ue(

Time

- 666T ue[
- 866T Ue(

MONTHLY FOOD PRICE INDEX

- L66T Ue(

- 966T Ue(
- G66T Ue[

:
:
|
W

- 766T Ue(
- £66T ue(
- Z66T Ue[

- T66T Ue(

066T Ue[

o
)

Xaput 3iLid

%




Less arable land

Less water and desertification

Less biodiversity and genetic material

Less pesticides and chemicals

High energy prices
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TRAINING OBJECTIVES

= To demonstrate applications of the knowledge obtained from
genomics

=" To present some of the main genomic technologies
= To present the New Trends on Food Production

= To train on methods that can be easily introduced in other
laboratories of the SEE area.

= To promote the exchange of experience between different
laboratories and eventually set-up a network between them

= To demonstrate protocols for the traceability of PDO or high
added value products

= To introduce innovations in the agri-food chain particularly
those related to nucleic acid technologies.



THE AGRI-FOOD CHAIN

New Varieties
and Breeds

=Selection of genotypes
"Production of germplasm
and seeds

10

10/3/2013

Cultivation and
Farming

=Cultivation and
Farming Methods

20

Transformation

=sHarversting

=*Mechanical, Chemical and
Physical Transformation
=Packaging

="Promotion

30




FROM GENETICS TO
GENOMICS AND
APPLICATIONS

GSDUTHEAST ((’INNO'FOOD
EUROPE A\ SEE

Jinty o



GENETICS > GENOMICS

Bacleria
© Eukaryotes
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SEQUENCING PLATFORMS

= Roche/454 FLX: 2004

®= [llumina Solexa Genome Analyzer: 2006

= Applied Biosystems SOLiD™ System: 2007
" Helicos Heliscope™ : 2009

= Pacific Biosciences SMRT: 2010

®= lon Torrent: 2011

= lon Proton 2012




SEQUENCING COSTS

Cost Per Base of DNA Sequencing and Synthesis

L 0Ee02 Cost per Megabase of DNA Sequence

Rob Carson, June 2011, waw.synthesis.cc
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SEQUENCED GENOMES
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The First 50 Plant Genomes

Todd P. Michael* and Scott Jackson

THE PLANT GENOME = JULY 2013 = VOL. 6, NO. 2
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Molecular markers
(genotyping)
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FROM GENOMICS TO
META-GENOMICS AND
APPLICATIONS
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GENOMICS METAGENOMICS

Evolution of Mammals
and Their Gut Microbes

Ruth E. Ley,1 Micah Hilmady,2 Catherine Lozupone,l’3 Peter ]. Turnbaugh,1
Rob Roy Ramey,” ]. Stephen Bircher,® Michael L. Schlegel,® Tammy A. Tucker,®
Mark D. Schrenzel,® Rob Knight,3 Jeffrey I. Gordon™*

DETERMINE WHAT THE GENES ARE
(Sequence-based metagenomics)
Identify genes and metabolic pathways
Compare to other communities
and more...

Extract all DNA from
microbial community in

sampled environment
DETERMINE WHAT THE GENES DO

(Function-based metagenomics)
Screen to identify functions of interest, such as
vitamin or antibiotic production

Find the genes that code for functions of interest

and more...



DEVELOPMENT OF MICROORGANISMS IN

HUMANS

CHILDHOOD ADULTHOOD

Solid food
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INTERACTIONS OF BACTERIA, VIRUS AND

EUKARYOTIC ORGANISMS IN HUMANS
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) confers resistance to. . "
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& Meta ARTICLE
—HIT

doi:10.1038/nature09944

naure

TAMING
COMPLEXITY

Enterotypes of the human gut microbiome e )

Manimozhivan Arumugam®, Jeroen Raes“*, Eric Pelletier™*®, Denis Le Paslier®#®, Takuji Yamada?, Daniel R. Mende',
Gabriel R. Fernandes"®, Julien Tap"’, Thomas Bruls®**, Jean-Michel Batto’, Marcelo Bertalan®, Natalia Borruel®,

Francesc Casellas’, Leyden Fernandez'®, Laurent Gautier®, Torben Hansen'™'?, Masahira Hattori", Tetsuya Hayashi'®,
Michiel Kleerebezem', Ken Kurokawa'®, Marion Leclerc’, Florence Levenez’, Chaysavanh Manichanh®, H. Bjorn Nielsen®,
Trine Nielsen'', Nicolas Pons’, Julie Poulain®, Junjie Qin'’, Thomas Sicheritz-Ponten®'®, Sebastian Tims'®, David Torrents''?|
Edgardo Ugur‘_[e‘}. Erwin G. Zoetendal'®, Jun Wang'"?", Francisco Guarner”, Oluf Pedersen™?*>%3 Willem M. de Vos'>?*,
Seren Brunak®, Joel Doré”, MetallIT Consortiumt, Jean Weissenbach™*”, S. Dusko Ehrlich” & Peer Bork"*
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FROM GENOMICS TO
EPI-GENOMICS AND
APPLICATIONS
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mmm) EPI-GENOMICS
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Epi-therapy Epi-nutrition






IMRINTING

GENOMIC IMPRINTING
and UNIPARENTAL DISOMY
in MEDICINE




LTR Hypomethylated When to Intervene?? LTR Hypermethylated

Yellow

Mouse
High risk cancer, diabetes, Lower risk of cancer, diabetes,
obesity & reduced lifespan obesity and prolonged life

Maternal Supplements with zinc methionine
betaine choline, folate B,




IMPRINTNG

Small Seed
Large Seed



EPIGENETIC HISTONE MODIFICATION

euchromatin heterochromatin




INHIBITORS OF HISTONE DEACETYLASES
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GENE SILENCING
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RNA INTERFERENCE

RIS protein
nnnnnnnnnn

sIRMNS unwinding

RISC




EPIGENETICS AND EPITHERAPY

Target
DNA Methylation

Histone acetylation

RNA interference

Drug

5-Azacytidine
5-Aza-2’-deoxycytidine
FCDR

Zebularine
Procainamide

EGOG

Peammaplin A

Phenylbutiric acid
SAHA

Valproic acid
Sulforaphanes

Antagomirs

10/3/2013
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EPIGENETICS AND EPINUTRITION: <EPIGENETIC» FOODS

Artichoke Oleander Tomato Garlic Carrots Tea
(Silymarin) (Oleanderin) (Lycopene) (Diallyl sulfide, ajoene, (B-carotenes) (Catechins)
S-allyl cysteine, allicin)

Red grapes Red chilli Turmeric i:lovt;s Honey-bee propolis Cruciferous

(Resveratrol) (Capsaicin) (Curcumin) (Eugenol & (Caffeic acid, CAPE) vegetables
isoeugenol) {Sulferaphane)

\\ /
‘ . B
AR -

Fennl, ‘ Soybean ‘ Aloe

Pomegranate ' Ginger
(Ellagic acid) (6-Gingerol) (Ursolic acid) (Anethol) (Genistein) (Emodin)



THE NEW ERA IN NUTRITION SCIENCE IS CALLED
"NUTRIGENOMICS®”. IT IS BELIEVED THAT
NUTRIGENOMICS WILL REVOLUTIONIZE
WELLNESS AND DISEASE MANAGEMENT.

The Next Wave
In Nutrition
Research

By

Dr. Nancy Fogg-Johnson
and

Alex Merolli

Life Sciences Allance
Fleasanton CA

« ...Untill the synergistic activities between humans,
their diet and their commensals have been elucidated,

the understanding of human biology will remain incomplete »

JulgR°Bavies. Science, March 2001 38



THE "OMICS” OF NUTRITION

Nutrigenetics ==

Nutritional
~ Epigenetics

Nutritional /

| Phenotype
—p Transcriptomics ]

10/3/2013 39
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GENOMICS AND FOOD
PRODUCTION
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ARE WE ALL IDENTICAL?

Elderly Celiac

Overweight

Kidney patient Q Young person
- |73 &




IMPROVING THE QUALITY OF LIFE

General
Population

x1meall

Grouped Population

General Mutrition
Generic Foods
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e & - Nephropathy
- W |
Inthe future |. ® | : :
Diabetic

® o -
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® o __ Elderly
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Specialized Nutrition
Specific Foods

Individualized

Far Future
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Individualized Nutrition
Individualized Foods




ACHELOOS(AXEAQOS)
IACHERON (AXEPQN)
AIGES (AITE3)

ALFIOS (AADEIOS)
APOLLONIA
APOTEOSI
IARACHTHOS (APAXOOS)
AXIOS (A=103)
CENTAURO

DIO (AIO)

\VERDI
\VERTICO




Fine mapping and marker-assisted selection (VMIAS) of a low glutelin content

ACHELOOS(AXEAQOS)
IACHERON (AXEPQN)
AIGES (AITE3)
ALFIOS (AADEIOS)
APOLLONIA
IAPOTEOSI
IARACHTHOS (APAXOOS)
AXIOS (A=103)
CENTAURO

DIO (AI0)
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FOOD FOR DIFFERENT GROUPS

Food for Kidney patients
\_
4
Food for Celiacs
\_
Food for Diabetics
s

Food for Elderly




FROM FORK TO FARM: A BOTTOM UP
APPROACH

' Consumers o
— being of consumers___

T

Nutrition

Processing

ealth impacts

Environment Safe, high-quality foods

Preparation

P
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Fisheries / Aquaculture -y the European Commission AL




DNA METHODS TO
IDENTIFY ORGANISMS
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SOME NUCLEIC ACID BASED METHODS

= Polymerase Chain Reaction (PCR)

= Restriction Fragment Length Polymorphisms (RLFPs)
= Random Amplification of Polymorphic DNA (RAPDSs)
= Amplified fragment length polymorphisms (AFLPs)

= Simple Sequence Repeats (SSRs)

= DNA microarrays

= Nucleic acid sequence based amplification (NASBA)

= Pulsed-Field Gel Electrophoresis (PFGE)



POLYMERASE CHAIN REACTION (PCR)

JNE' | [ '] double-stranded DNA

target DNA
denaturation: T =94 -95°C i

l t=30_60s cycle number target copies
1 2
primer annealing: 2 4
T = about 5°C below the lowest 3 8

T of the primers to be used
t=30-60s > 4 16
5 32
primer extension: T=72°C ¢ o
t in min = equal to the number of kb 20 1,048,576
of the product to be amplified 30 1,073,741,824

two copies of the
original target DNA

number of cycles:
max. 45




Methods for DNA Fingerprinting

1. (RFLPs)

e \Variations in the DNA revealed by differences in the banding
pattern of DNA fragments from different individuals of a species,
when subjected to restriction enzyme analysis.

— Uses restriction enzymes and Southern hybridization
— Lengthy procedures, but reproducible

— Co-dominant markers, sequence knowledge/probes required

- E— - ]
An RFLP can arise in a An RFLP can arise from WNTRs in
chromosome region with the same region of a chromosome.
many changes in the base — If a restriction site is present on

sequence, leading to either side of a VNTR, the length
creation or destruction of of restriction fragment depends on
restriction sites. the number of repeats.




RFLP Loci: Family and Segregation Studies

- - = r T 4-| | - L1 | | P
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Figure 3. Segregation of marker GS3.

Resistance (R) or susceptibility (S) to rhizomania is indicated above the corresponding lane below the
plant number. Genomic DNA from 49 plants of population A (numbered 1-34 and 36-50) was digested
with 7agl separated and hybridized as described in Experimental procedures. The hybridizing fragments
are numbered from 1 to 7. Only the lower part of the autoradiogram is shown. Fragment 7 reveals the
RFLP marker GSSd, fragments 5 and 6 segregate independently from the rhizomania resistance gene.
Plants 44, 45 and 49 are presumably recombinants between the DNA sequence hybridizing to the probe
and the putative resistance locus. Plants 17 and 23, indicated by an asterisk, were not evaluated in the
resistance test. P1 = single plant from population B (RO1 x NO1); P2 = single plant from population C

(RO2 x NO2Z).
Barzen E, Mechelke W, Ritter E, Seitzer JF, Salamini F {1992) RFLP markers for sugar beet breeding: chromosomal
linkage maps and location of major genes for rhizomania resistance, monogermy and hypocotyl colour. Plant J 2: 601-611.



PCR-based DNA Typing

(RAPDs)

Involve the use of a single “arbitrary” primer to amplify chromosomal
DNA under non-stringent conditions. The number and sizes of PCR
products vary among different individuals due to variations in DNA.

— Use PCR and agarose gel electrophoresis

— Several primers can be used to generate a unique profile for the
individual.

— No prior sequence knowledge required
— Difficult to reproduce
— Dominant markers

> EXS 2y
| —
T 3+4 '5 5+6 ) =
—— - ——>
| —




PCR-based DNA Typing

3.

e Detects DNA restriction fragments by
means of PCR amplification.

— Use restriction enzymes, DNA ligase,
PCR, and polyacrylamide gel electrophoresis

— Reproducibility ~ RFLP >> RAPD
— No prior sequence knowledge required

— Dominant markers

(AFLPs)

R. E.
digestion

= L5 S —

Anchor

ligation l £

15t PCR .
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PCR-based DNA Typing

or (SSR)

Highly polymorphic DNA marker comprised of mono-, di-, tri- or
tetra- nucleotides that are repeated in tandem and distributed
throughout the genome

Microsatellites are abundant and frequently used for gene mapping
Marker identification:

— Sequencing =" SSRs id = design primers corresponding to the
flanking sequences = Use PCR/electrophoresis in actual analyses

— Initial marker development: expensive and time-consuming
— Highly sensitive and reproducible
— Co-dominant markers




Forward primer Length p0|ym0rphism

5 EEEEEEEEE
tagtttccacttitcattgaaaagaaggatetetttetttccctetetetetetetetetetecctetetetetetcacacacacacacacaca

cacacacaggaccttgttgggttatgctgttetetgttgtgaaccttgectyttcagttatetagcacaaageacatea
ddAAqqAqqqa 7

Reverse primer

description
= tandem repeats w short motifs (110 6 bp)
= a low degree of repetition = a random distribution
= length polymorphism detected by PCR.

advantages
) specific = frequent occurrence
= highly polymorphic = a co-dominant inheritance

= even distribution throughout the nuclear genome = reproducible



HIGH RESOLUTION MELTING (HRM)

| How To

PubMed - |High Resolution Melting
F1RSS Save search Advanced

Display Settings: Surrlmar‘_-,f, 20 per page, Sorted by Recently Added Send to:

Results: 1 to 20 of 1722 Page 1 of&7 MNext= Last=:

] MNovel PAX9 mutation associated with syndromic tooth agenesis.

1. Mostowska A, Zadurska M, Rakowska A, Lianeri M, Jagodzinski PP
EurJ Oral Sci. 2013 Oct121(5)3:403-11. doi: 10.1111/e0s.12071. Epub 2013 Jul 13.
PMID: 24028587 [PubMed - in process]

Felated citations

[C] High resoclution melting analysis: rapid and precise characterisation of recombinant influenza A

genomes.

Kalthoff D, Beer M, Hoffmann B.

Wirol J. 2013 Sep 12;10{1):284. [Epub ahead of print]

PMID: 24028349 [PubMed - as supplied by publisher]  Free Article
Related citations

P




HIGH RESOLUTION MELTING (HRM) PRINCIPLE

B. Normalized Melting Curves

ey, i
- X |
100{— |
— . = 1
h=] & e 1
= 151 g :
§ Double-stranded DNA E Single-stranded DNA
= 50 {ds DNA) | {random coils)
e YT =y .
: i IR
3 ! : e
& 25 | - 'C'g.* |
: AR
= I : X
T | .~
0 . , L - .
76 79 82 Tm 88 91
Temperature [°C]
l’ '- ——




TAQMAN ASSAY

Quencher

Fluorophore
Forward PCR. primer (y TagMan
Probe

—
‘F
Feverse PCR. primer

l Amplification Assay

Polymerization
l'"'_""l:.:‘\"-\. - - - - - "‘t:h-.

E

e d @ O oo O e
- -

*’ Probe displacement
and ceavage

Fluorescence

T = L L L ] - = m --,:\:_—‘
Result
| Fluorescence
— et @
T b -

PCR. Products Cleavage Products



DNA MICROARRAYS

Sample 1 Sample 2
Annotated genomic structure
Extract total RNA
/ATy S Ry LT
PCR amplify probes 4
' "y, g
R WERLY AR Label RNA using
ST Ry fluorescent dyes
Spotting the o e
PCR products Lo B, YR8 0.0 0%
Y a7 v

‘/ﬁ » :-"

v'/l

/ / Hybridize labeled
/' // targets

Miller, M.B. and Y.W. Tang Clin Microbiol Rev, 2009. 22(4): p. 611-33.

l Image analysis

Raw images of each channel

Scan emitted
fluorescent signal




LIGATION DETECTION REACTION-UNIVERSAL ARRAYS

(LDR-UA)

a
if% DP qi cP = DP % cp g™

ta rget_ﬁNA targ e}_ﬁNA

l perfect match l mismatch

probe ligation : MO probe ligation
M

Probes are hybridized
on the Universal Array
and captured on the
corresponding spot.




NUCLEIC ACID SEQUENCE BASED

AMPLIFICATION (NASBA)

NASBA amplification pathway

A~ Single-stranded viral RNA (+ sense)

Legend. A A~ Primer 1 with
»sense RNA  “WWAAAA ““\&— T7 polymerase sequence
« antisense RNA ™" AN~ PTimer extension by

« sense DNA — ————-\ Reverse Transcriptase
» antisenseDNA S RNase H + Primer 2 +
‘ Reverse Transcriptase

—-——.\\*\ Double-stranded DNA with
T7 RNA polymerase site

Primer 2 T7 RNA polymerase
i S S e -\
P e aaa \
Reverse Transcriptase FNPNFNF” Reverse Transcriptase
" RNase H .-\

Primer 1



PULSED-FIELD GEL ELECTROPHORESIS (PFGE)

-Large DNA Fragments

-“Universal” Technique

| |
|
| |
e rmen |

-PulseNet Standardizations

-Usually Epidemiologically Relevant

-
—
e —

—
S —
— —
— —

e—
 e—
| —
—
—
—_—

e
ARINR

ARIRINIRL

time consuming, low
discrimination, low
sensitivity




LOOP MEDIATED ISOTHERMAL

AMPLIFICATION

PubMed hd |I00p mediated isothermal amplification
":,] RS55 Save search Advanced

Display Settings: Sumgl\ary, 20 per page, Sorted by Recently Added Send to:

Results: 1 to 20 of 910 Page 1 of&6 MNext= Last=:

[] Detection of Mutation by Allele-Specific Loop-Mediated Isothermal Amplification (AS-LAMPY.
1. Aonuma H, Badolo A, Okado K. Kanuka H.

Methods Mol Biol. 2013;1039:121-7. doi: 10.1007/978-1-62703-535-4_10.

PMID: 24026691 [PubMed - in process]

Felated citations

[l Loop-mediated isothermal amplification method for a differential identification of human taenia

tapeworms.

Sako Y, Nkouawa A, Yanagida T, [to A

Methods Mol Biol. 2013;1038:109-20. doi: 10.1007/978-1-62703-535-4_9.
PMID: 24026690 [PubMed - in process]

Related citations
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LOOP MEDIATED ISOTHERMAL AMPLIFICATION
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TRACEABILTY OF DOP
PRODUCTS
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DOP Products (Denomination of Origin Protect)

» Product from a particular geographical area

» The quality or characteristics are essentially or
exclusively to a particular geographical
environment (natural and human factors - climate,
soil quality, experience)

» The production, processing and preparation takes
place in the defined geographical area

Reasons for introduction:

O Encourage diversified agricultural production
SR} Protect names from misuse and imitation

LBetter understanding of the specific nature of

the products by consumers




Double-stranded (ds) DNA
100 '

Single-stranded DNA
(random coils)

2

Fluorescence (Normalized)

0 . — ‘ ,
% 79 8 Tm 8 o
Temperature [°C]

e

=

Variety/Species HRM analysis Final product
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Non Fragrance
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£ Putative adulteration
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a — == = | [Colour] Sampies
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Zo — Commercial 2

Commercial 3
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| Basmati C 622
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88 Fragrance A

2011

Putative adulteration

Normalised Fluorescence

FOOD
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Ganopoulos 1., Argiriou, A. and Tsaftaris A.
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Mormalized minus sogia

= Fhaseolus knalus
Kigna sinensts

— ligna sinensis

— [ ens esculentum
Glyoine max

= Licer anetinum

— licia faba

— LUpints 5p

— Fistm satiyum
Lathyrus sativus

= Arachis lypogaea

— licid s3liva

4 M5 % 755 % 5 77 M5 8 185 19 795
deg.

Madesis P., Ganopoulos I., Argiriou A. and Tsaftaris A.

Fhaseolus vulgars
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dF idT

23
22
2,1

19
18
17
16
151
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1,11

0,91
0,8 |
0,71
0,61
0,51
0.4 |
03|
0,21
0,1 ¥

Nuts

"

|
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v 9,

=== 1! Chesnut

2: Pistachio
= 3: Macadamia
= 4: Walnut

5: Almond
= ! Hazelnhut
=T; Sesame

B: Brazil nuts
== §: Cashiew
===10: Pecan
= 11: Peanut

83 84 B85 86 87 L1 89 90

Madesis, P., Ganopoulos I., Bosmali I. and Tsaftaris A.



+Sheep and goat milk.
+ Goat milk till 30% w/w

P~ - Prohibition to use milk from other

animal species

CHEMISTRY

LN, By

s
", Sk
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Ganopoulos I., Madesis, P., Sakaridis I., and Tsaftaris A.




Olive Oil

Analysis

DNA Isolation

Pre-melt Melt Post-melt

Normalization region 2

Genotyping using
chloroplastic
markers

Fluoresence
e @
= &

(=)

MW
= o

—
(=]

Normalization region 1

R4

=

70 71 72 73 74 75 76 77 78 79 80 81 82 83 84
Temperature ("C)

Ganopoulos I., Madesis, P., Kalaitzis P. and Tsaftaris A.
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Wood Science
and Technology
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WORK IN PROGRESS
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Values (MP/BIML)

21 Medicago truncatula
100 |-|: Medicago s ativa

|_ Medicago lupulina

100/M100/99

Lupinus s pp.

Lathyrs clymenum

Lathyrus ochrus 100M00/99

1EIEI| Fis um satiwm

Lens es culentum

Lathyrus odorstus

Wicia s ativa

100/M100/99

|_ Fhas eclus coccineus

100 I_ Phas eclus lunatus

Arachis hypogsss

Trifolium pratens e

Gly cine max

100 78100/99

Pisum satiwm s ubs p. glistus

B9 Vicia faba s ubs p. major

WVignasinensis

100 100/M100/94

L Fhas eclus wigaris

Tifolivm alexandrinum

Vicia faba subs p. minor

Lathyrus s ativws
1007 100100/91

L Tifolium repens

Lathyrus cicers

100M100/96

=
=
=}

I I I I S B B D B B D B

100 | Cicer arietinum

0.05

Madesis, P., Ganopoulos I., Ralli, P. and Tsaftaris A.




Pinus nigra

= Pinus eldarica

Pinus brutia

Pinus sylvestris

19

36

Pinus halepensis

Pinus leucodermis

Pinus pinea

PLoS BIOLOGY
MEDICINE

COMPUTATIONAL
BIOLOGY

Pinus peuce

Ganopoulos I., Aravanopoulos F., Madesis, P., Bosmali I., and Tsaftaris A.
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Ganopoulos I., Madesis, P. and Tsaftaris A.
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Marker 1 Marker 2 Marker 3




WILD CHERRY

Holomontas

Holomontas ~ Haintou Katafito Nimfea Vorras
al ;

S [( Gléheticé'
.. .. Gehomes

Ganopoulos I., Aravanopoulos F., Argiriou A., Kalivas A. and Tsaftaris A.



GREEK AUTOCHTHONOUS PIG RACES

2 LaLg_e white
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Lo
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27 Wild Boar




IDENTIFICATION OF
MICROBES IN FOOD
PRODUCTS, ANIMAL

AND PLANT SPECIES

éSDUTHEAST ((’INNO'FOOD
EUROPE A SEE

ity for




£ -
Anac

\k‘ v
robe

——

Normalised minus Lactobacillus johnsonii

50

40 A

30

-20

-30
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L5: Lactobacillus
johnsonii

L7: Pediococcus
acidilactici

L40: Lactobacillus

salivarius

L48: Pediococcus
acidilactici

L51: Lactobacillus

paralimentarius

L59: Lactobacillus

51 salivarius
L74: Lactobacillus
reuteri
825 83,0 83,5 240 845 85,0 85,5 86,0 86,5 87,0 875 88,0 88,5 89,0 89,5 90,0 90,5 91,0

Sakaridis I., Ganopoulos I., Soultos N., and Tsaftaris A.




s Fusarium oxysporum spp. vasinfectum
Fusarium exysporum spp. phaseoli
” Fi itm oxysp spp. lycopersici

1,151 — Fusarium oxysporum spp. radicis lycopersici
1,11 Fusarium oxysporum spp. melonis
1,05 Fi itim oxysp (FOX)
1 m—— Fysaritm oxysporum spp. dianthi
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0,2 J
0,15 |
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L — k
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dF idT

Ganopoulos ., Madesis, P., Zambounis A., and Tsaftaris A.




GENOTYPING LISTERIA STRAINS

USING HRM
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Genotyping of Listeria monocytogenes isolates from poultry carcasses using High Resolution Melting (HRM) analysis
Sakaridis, Ganopoulos, Madesis, Tsaftaris and Argiriou
Biotechnology and Biotechnological Equipment, 2013



DETECTION OF LISTERIA MONOCYTOGENES
USING LAMP
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