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OPENTIKA: Oucieg mou Bpiokovtal ota Quolkd mepiBaAAovta o€ agbovia kal xpnoigomolouvtal amo
TOUG HIKPOOPYAVIGHOUG Yid TIG Sladikaoieg KataBoAiopou kal avaBoAicpou.

1.Ta KUpla otoixeia: Xe OTOIXEIWOEG MITTESO, Ol OLATPOPIKES ATTAITACELS EVOC H.0. ATTOKAAUTITOVIAL ATIO
TN OTOIXElAKN oUvBeon Tou Kuttdpou, n omoia amoteAsitat amd C, H, O, N, S. P, K, Mg, Fe, Ca, Mn kai
ixvn Zn, Co, Cu kat Mo. Autd ta otowxeia Bpiokovtal umd tn pop®n VEPOU, avopyavwy LOVIWY, HIKPWY
HOpPlWY Kal Hakpopopiwy mou eEutnpetolV £ite £va GOPIKO €iTe AEITOUPYIKO pOAO oTa KUTTApPA.
2.Ixvootolxeid: HETAAAIKA LOVTIA TTOU ATTAITOUVTAL A0 OPLOHEVA KUTTAPA OE TOCO HIKPEG TTOCOTNTEG WOTE
va eivat OUoKOAO va avixveubouv (PeTpnBouv) Kat Oev eival amapaitnTo va ta mPOooHECOUUE oTa PEod
KAAAMEPYELAG WG BPeMTIKA cuotatikd. Ta IXvVOoTolXEia amaltouvtal 6€ TOOO HIKPEC TTOCOTNTEC WOTE VA
UTTAPXOUV WG "HOAUCHATIKEG OUGIEC" TWV OUCTATIKWY VEPOU N AAAWV HECWV. ZuvnBwe Opouv WG
OUPTIAPAYOVTEC Yild Baolkég ev{UPATIKEG avtiOpdoel oto KUTTapo. To IXVOOTOIXEI0 €vOC opyavicpou
umopei va eival amapaitnto otolxeio Kal aviiotpo@a, aAAd ta cuvion Katldvra mou xapaktnpilovral wg
IXVOooTOlXEia otn Baktnplakn diatpown €ival ta Mn, Co, Zn, Cu kat Mo.
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HETEROTROFH
(Sclf fecders)

3 ==—x > 2 = =
(Inurguﬂx‘ CO, = carbon source AUTOTROPH i Orgamic c« und = carboa source
Making own food by reducing CO,

Usang ready -made orgamec molecules for food

I l 1 I l 1
l Phaotoautotropis \ l Chemoautotrophs l Photsoheterotrophs l('hcmuhcmruuuph‘
J \

*Kabe opyaviopog mpeEmel va Bpel oTo mePIBAAAOV TOU OAEC TIG OUGIEG TTOU amaltoUvTdl yid TNV mTapaywyn
EVEPYELAG Kal TNV KUTTAPIKN BloouvOeon.

s[loAAd Baktipla PmopoUv va avamtuxBoUv OTO €pydcTnplo o€ HECA KAAAIEPYELAG TA OToia €Xouv
oxe0laoTel yla va mapéxouv OAd Ta amapaitnta OPeMTIKA OUOoTATIKA ot OldAuPa yld avamtuén
Baktnpldiwv.

*Ta Baktpla mMou €ival GUPBLWOLIHA 1) UTTOXPEWTIKA £VOOKUTTAPIKA TAPACITA AAAWY KUTTAPWY, GUVAOBWG
EUKAPUWTIKWY KUTTAPWY, Eival (0xt ampocdoknta) OUCKOAA va avantuxfouv £€w amod ta QUOIKA KUTtapda
EevIoTEC TOuG. Eav to pikpoBlo gival apolBaio | mapdotto, 1o KUTTAPO EEVIOTH TPETEL TEAIKA VA TTAPEXEL TIG
OPEMTIKEG ATTALTAOELG TOU KATOIKOU TOU.

Tpomog Opsywng Mnyn Evépyelag Mnyn AvBpaka Napadeiypata
. . KuavoBaktripla, kamota MwB
Qwtoautotpopa HAwakn co, kai M pdrc]s?va Baktipta
dwtostepOTPOPaA HAwakn Opyavikég Evwoelg Karmoua I\é\g)ftrl,](gllqﬂpaolva
ans/l\?ggrtg;fp%cpa N Avopyaveg Eveoei T.x. co Atya Baktiipla Kai 6xed6v
; H,, NH;, NO,, H,S 2 6 {
(ABoauUTOTPOQa) 2 3 2 M O0Aa ta Apxaia
XnUELOETEPOTPOYPA 1 , . . . Ta meploodtepa Baktnpla kat
Etep6Tpo0a Opyavikeg Evwoelg  Opyavikeg Evwoelg eAdxioTa Apxaia
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MoAAG Baktnpla pmopouyv va
avamtuxBouv oTo EPYACTAPLO OF
HEoa KAAALEPYELAC TA OTTola €XOUV
oxeOlAOTEL Yl va Tapéxouv OAd ta
amapaitnta OpeNTIKA CUCTATIKA OF
OlaAupa yia avamtuén
Baktnptdiwy.
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lm 5 BASIC MICROBIOLOGY
A Meta ~ m LABORATORY TECHNIQUES

|, Culturing and Aseptic IIl. Erumerating Bacteria I, Identification of Pathogen
Techniques
1. Seral dictos L. Usng a microscope
Irocelat b
R e L 2. Pale counts 2. Gram's staming
leocalatng &
e e 3. Most probable number 3. Moty
Usegap 0
R Pyt avp oty 4, Useg 3 specicphotometn: A, Bochermical leaty
Using dilerest sorts of hoods =
5. Sarotype

Growh meda

Growt an seloctve moda

o T S+

Isclatng an organiss from fhe
erveonmant

KAAAIEPTHTIKEZ TEXNIKEZ KATAMETPHZH AMNOIKIQN TAYTOMNOIHZH

EMBOAIAZMOZ TPYBAION ME O.Y. AIAAOXIKEZ APAIQIEIT (SERIAL MIKPOZKOMIZH
DILUTION)
EMBOAIAZMOZ ZOMOY METPHZH AMOIKION ZE TPYBAIO XPQIH
(PALTE COUNTS)
AIHOHZH MEZQ MEMBPANHZ MOST PROBABLE NUMBER EAEFXOZ KINHTIKOTHTAZ
ATIOMONQZH M.O. AITO TPODIMA SNEKTPO®QTOMETPO BIOXHMIKA TEZT

OPOTYMNONOIHZH
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(&) The powur plate method (b) The spread plate method

1.00r 0.1 mi o1 mi

* Serial dilution (cont.)

= Diluted samples are spread onto media in petri dishes
and incubated

= Colonies are counted. The concentration of bacteria
in the original sample is calculated (from plates with
25 — 250 colonies, from the FDA Bacteriological
Analvtical Manual).

= A simple calculation, with a single plate falling into
the statistically valid range, is given below:

CFU # colonies counted
~ Inoriginal sample =
ml ne ey (dilution factor)(volume plated,in mi)

Too much growth, hard 10 Growth not as much, but
count colonics still hard to count colomes

OK 10 coumt but there are some

colonics that are mot sing le colomics, Defimitely the best plase 10
they are so close together cstimate the CFU
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https://www.youtube.com/watch?v=aOPpQIxiDt0 b ] 3 2
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ANAAYZH
AEITMATQON
TPOOIMON

be.com/watch?

v= mOUvma01t00
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AAAOI TTAPATONTEZ.....

01 napdyovrsg avantuéng amattouvial o€ uleég TOCOTNTEC
amo ta Kuttapda ensldn n?\npouv OUYKEKPLIUEVOUG po7\oug otn
Bloouvescn H avaykn yua napayovrsg avantuéng mPOKUTTEL
gite amd pla amokAslopévn N eAAsimouca pPeTaBoAlkn 000 otda

Kuttapd.
0 mapayovtag OSuyovo

Effect of tgrowth in Do net care if Low oxygen
oxXygen on prosesce of axypen = comcentralion
wowth Only can axygen. Only can prosent or allowed for
survive | Hoth acrobic  survive in absert. Just do  growth ealy.
acrolne and anacrobocond  mot use The
conditsons anacrobic woos. Dies if  oxypen present
Dres i oXYgen s
QXypen present.
absent.
Excymes CATALASE & superoxide ™ NOenymes  SOD present 1o
cffect oo darnutase (SOD) scutralise avalable 1o partially
axypen the oo forms of oxygon neutrale neutralire
toxic axygen oxygen
Examples Mycobactert  Strepiococen Clostndium  Lactobacilius Netssena
w L gomorrhoeoe
Sraphylococe
us,
Fnserobacery
ceae
MEPIBAAAON
OMAAA AEPOBIA ANAEPOBIA o,
YTOXPEWTIKA AgpoBla . . . Amawteital (kataBoAiletat
P P Avamtuén KaBoAou avamtuén ( <

Mycobacterium

yla agpoBia avamvon)

Mikpoagpo@Aa
Neisseria gnorrhoeae

Avamntuén oe xapunAd
emimedo O,

KaBoAou avamtuén

Amnatteitat aAAd o€
emimedo >0.2 atm

YTOXPEWTIKA AvaspoBla
Clostridium

KaBoAou avantuén

To&kn avantuén

Mpoatpetika AvagpdBia

Aev amatteitatl yua
avamtugn , aAla

Mpoatpetika AgpdBia Avantu Avamtu , \

( pStan)Jhylococcpus ) &n & xpnotpomoteitat 6tav
UTTapXxel

Agpotolko AvaspoBlo AvamTugn AvaTTUEn Aev anmaiteital kat 6gv

Lactobacillus

xpnotpomoleitai!!



MIKPOBIAKH ©OPEWH KAI ANAITYZXH

Microbial Nutrition
And Me_tabol.ism
= N e

AAAOI TMAPATONTEZ.....

*0 mapayovtag pH

‘OAol ot p.o. Slaxwpifovtal o€ GUO KATNYOPIEG:
*0&eoiAa (XapnAa emimeda pH)

*Baoced@iAa (YynAd enmimeda pH)

« Acidophiles require low pH
(Thermoplasma)

« Alkalinophiles require high pH
(Proteus)

& Acidophile Neutrophile Akaliphile
- £ ‘
: /, \‘ / \
-— !
2 / \“ / \
8 / “/ \
(&) ’l' \ '\
l' \ 4
N / “‘ \
o / ‘ \ ),
1 2 3 4 5 6 7 8 9 10 11 12

AAAOI TTAPATONTEZ.....

*Oopwtikd daitvopeva........

SANO@IAa (YWYNnAR cUyKEVTpwon AAatog)

$OopwavOekTiKa (0ev amaitolv UWNAEG OCUYKEVIPWOELG
dAatog, aAAd sival ikavd va emBiwoouyv av BpeBouv o€ TéTola
mepiBaiAovta)

* Most microbes exist under hypotonic
or isotonic conditions

« Halophiles - require a high
concentration of salt

« Osmotolerant — do not require high
concentration of solute but can tolerate
it when it occurs
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And Metabdism extreme extreme
, : moderate thermophilic  thermophilic
r thermophile bacterium  archaeon
7~
- mesophile / \ 7N Py
& |psychrophile /" "\‘ / | / 1 7/ ‘..
5 "l .' /. l ’.; “ |=
s S’ i/ / : !
S l" 'y/ l / “ i
’ .
IR 4 'k e k S,
0 10 2 X a0 S0 & m 80 W 100 "o 10
(4}
AAAOI TMAPATONTEZ..... HAperRtY -
*0 mapdayovtag Osppokpacia
‘OAol Ol J.0. £XOUV: 1 TR
*Idavikn © avamtuéng (Optimum) Ooti 1 Msyc O,FI) 2
+YynAdtepn O avantuéng (High) pimum | esophi 8
*XapnAotepn © avamtuéng (Low) — ‘ Thermophile

. Psychrophiles - optimum temperature
below 15°C, capable of growth at 0°C

. Mesophiles - optimum temperature

Rate of Growth

20°-40°C, most human pathogens

. Thermophiles - optimum temperature
greater than 45°C

Minimum Maximum

15-10-5 0 5 1015 2025 30 35 40 45 50 55 60 65 70 75 80 85 90
Temperature °C
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Apxikn ®don/®Paon Yotépnong (Lag Phase): O xpdvog
mpooappoyng Twv Baktnpiwv, mapaywyn RNA popiwv,
ev{UPwWV

AoyapiBuikn ®daon (Log / Exponential Phase): O xpovog
Taxeiag avamtuéng twv Baktnpiwyv

Itatikn ddon (Stationary Phase): Epgaviletat otav oto
mePIBAAAOV Tou Baktnpiou KAmolo amod ta BAclkd OpemTika
ouotatika efavtAeital kalt £tol e€lowveTal o Pubpog
avantuéng pe to pubuo Bavdrtou

®daon Oavdtou (Death Phase): H @don omou mAéov ta
Baclkd OPEMTIKA CUCTATIKA £XOUV KATAVAAWOEl MARpwG Kat
Ta Baktnpla mebaivouv
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Cell life cycle in Eukaryotic cells

_ G Primary growth phase of the cell during which cell
Bl

enlargement occurs, a gap phase separating cell growth from
replication of the genome

S Phase in which replication of the genome occurs

G, Phase in which the cell prepares for separation of the
replicated genomes, this phase includes synthesis of microtubules
and condensation of DNA to form coherent chromosomes, a gap

phase separating chromosome replication from miosis
https://www.youtube.com/watch?v=WaJ8epyEx2Q

M Phase called miosis during which the microtubular
https://www.youtube.com/watch?v=VIN7K1-9QB0 apparatus 1s associated and subsequently used to pull apart the

sister chromosomes

*G1: TPWTAPXIKO OTASIO0 AVATITUENG TOU EUKAPUWTIKOU KUTTAPOU, OTOU OLOYKWVETAL Yid vda
OlaXwpPLoTEL TO VEO KUTTAPO

*S: TO OTASLO TNG AVTLYPAPNG TOU YEVETIKOU UALKOU

*G2: 1o KUTTtapo ctolpdletal va Slaxwpioel tTa OUO TAVOUOLOTUTIA YEVETIKA UALKA. Emiong,
oxnuatifovial PYIKPOowANVIoKOl Kal GUUTTUKVWVETAL To DNA yla va SlaxwploTel TNV EMOHEVN
pdon Tng Meiwong

*M: 1o otddlo t™ng Meiwong, OMoU TO GUCTNHA TWV HIKPOOWANVIOKWY OAOKANPWVETAL Kal
TapdAAnAa Slaxwpilel Ta TAVOUOLOTUTIA XPWHOOWHATA

*Mitwon

*Kutokiveon
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And Metabohsm Methods For Controlling Microbial Growth

There are three major methods for controlling microbial growth
* Physical

* Mechanical

* Chemical

BAZIKH OPOAOTIA: DOY2IKE2
*ZNYN: HIKpoBLaKN EMPOAUVON

«Aonmto: TANPNG amouacia Y.o. MHXAN'KEZ

*Amooteipwon: amopdkpuvon HOAUCHATIKWY Kal pn Y.o.

« AmoAUpaven: amopdkpuvon Twy mTadoyovwy H.o. XHMIKE2
*Avtionyia: amopakpuvon maboyovwy p.o. dmo 1oToug

*E€uyiavon: peiwon tng mapouciag maboyovwyv Kat pn

P.0. Aamo oKeUn (Haxalpomnpouvd, GEVTIOVIA KATT)

*BloKTOVA: OKOTWVOUV TOUG l.O.

‘Baktnplooctaon: avactéAAETal n Asltoupyia Ttwv p.o.

XwpIi¢ va mebaivouv

Define the following key terms related to
microbial control: sterilization, disinfection,

antisepsis, degerming, sanitization, biocide,
germicide, bacteriostasis, and asepsis.
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DYZIKEZ MEOOAOI:
> ©EPMIKH
AMNOXTEIPQzH
> QIATPAPIZMA
> AKTINOBOAIA

s | RADIATION

(removes steam Steam to Safety Pressure (controls s froen
after sterilization) chamber valve gauge jacket 1

U

Heating Cooling
section section
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m——— Incineration
Boiling
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DYZIKEZ MEOOAOI:
> ©EPMIKH
AMNOXTEIPQzH
> QIATPAPIZMA
> AKTINOBOAIA

MICRO FIRTRATION
10 0.9 pM

WLTRA FRTRATION .
01 - 0.0 pM

MAND FRTRATION 8 =
0.01 - 0.001 M

Autoclaving
Pasteunzation

& N

M

Radiation

[onizing Radiation

RADIATION
& -

itm
10%am lo”mn 1 107 v 10" A nd‘m) 1°m
- Ginent Seprinlastat mmataninnsafases - i .
°"'.';:" Xrays | uv Infrared  Microwaves Radio waves J
Lo itar el | o lag - -
Umirwsdet (UV) gt Visibde g

- =

200 nm aonm S0 am 400 nm 430 nm 500 nm 530 nm TOOnm T30 nm
mm am 0

Wavelength inc: -
- Energy incr
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Chemicol Agemt of Action Preferred Use Comment
< Alcohols Prosein dencturaton and Thermometers ond other Bocericidal and fungicidal,
And Meta ’ ') ' ipd dinschuton instremens; in ywobbing but ot effecive ogoinat en-

the shn with alcohal dospores or nonenveloped

befose on injection, mot viryses; commonly vied

of the dundectng ocson okohols are ethonol ond
probobly comes ¥om o isopropancl
simple wipeg oway
[degerming] of det ond
1ome microbes
Heavy Matols ond Dencturoson of enrymes Silver navote may be used 10 Hecvy maols such o3 shver
Their Compounds and other essenhal prevent gonorrheal oph ond mercery are biocsdal
profeing halemio neonalorum, mer.
cwochrome disnfecs tha
ond mucous membrones,
copper sulfone is on
digicde
. Surface-Active Agents
XHMIKEZ MEGOAOI. 1. Soops and ocid Mechanical removal of mi S&ndogav:‘-ngor\d Marnry antbocsenal soops
onionic desergents crebes feough scrubbing removal of debris conicin antimicrobiols
> AAKOOAOYXEZ 2. Azidonicnic Nt corfan; may wvolve Sonazers in dawry ond Wide spectem of octvity,

E N Qz E I Z Jetergenty :\:y"-o rrOchvoren o focd procesung mdaavios ::;:1:\0 FOMEOOIVE,

> BAPEA METAAA
> AAAEZ ENIOANEIAKEZ
APAZTIKEZ OYZIEZ

EXOSPORIUM Degradation ?
o Persistence on surfaces

SPORE CORE

~, ~ Small Acid Soluble
>. -~ Proteins (SASPs)

oenaiura”o SPORE COATS Protection of nucleic acid
loss of

biolagicol Barrier to blocides Low water content

octivty Protection of proteins
Q ;r \‘ a’/ \ \ \

— CORTEX
_) 5 E?‘ Y.J . INNER MEMBRANE
] \ Barrier to biocide Physical pressure to

octivity Barrier to rehydration inner membrane

Normal proteln w Denatured protoln
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MHXANIKEXZ ME©OAOI:

> 2Y2ZKEYEZ
ANOMAKPYNZHZX

BIOAOI'KOY YMENIOY
> OIATPAPIZSMA  https://www.youtube.com/watch?v=1XNM4bLgt_U

s ik w
BO® ¢ ECO &2

Bio Film Removal

v
& NTLU
o P OEUTEA

% %N




log,o of number of surviving cells

6.0

5.0

4.0

3.0
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0 1 2 3
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Vv

One log decrease =
90% of population killed

Arithmetic
scale

Time (min)

0

w N

=1 750,000
~{ 500,000

- 250,000

— 100,000

N

Time (min)

Arithmetic number of surviving cells

Deaths per Minute Number of Survivors
0 1,000,000
900,000 100,000
90,000 10,000
9000 1000
900 100
90 10
9 1

Most resistant
Prions

Endospores of bacteria
Mycobacteria
Cysts of protozoa
Vegetative protozoa
Gram-negative bacteria
Fungi, including most fungal spores
Viruses without envelopes
Gram-positive bacteria
Viruses with lipid envelopes

Least resistant



l Conventional methods of bacterial detection I

L

l Culture-dependent | l Culture-independent I

r l‘ * ' l—‘
Microbioclogical Microscopic Molecular
' plmn?l l l visualization |l Biochemical tests I [ Immunoassays ] "“‘l

Emixplopa (vwmo, Enpod)
KatdAAnAn xpwon (avaioya
TOV M.0. Kal TO OKOTO NG
e€€taonc)




l Conventional methods of bacterial detection |

)

—

l Culture-dependent I { ¥ )
Microbiological Microscopic -
l plating I ' visualization | ' Biochemical tests | - , b st

-AA B_A_A 1\ "
—tnlul=1=-1340¢

AN _K

thafaRs Szl h s

w i )

KaBapn kaAAlEpyela

(tpuBAio) ~odia: Simmon-s Citrate Agar

Epmopikd teot (API) e - M
Opemntikoi {wpoi |
A Escherichia coli
+ + - -

Klebsiella
--—-




)

- -

l Culture-dependent I l Culture-independent |
r i * m
Microbioclogical Microscopic Molecula
' g plating | l vistslization | l Biochemical tests | l Immunoassays I ' mth:ds' l

SO

- Microbial Nutntlon
Conventional methods of bacterial detection And Me LL'n

B
Microbe-
microbe
intcuttiom
§ oo oy
X0 3 ® Isolate collections Reconstructed
O e’ 9@ commumties
Metagenomics Q . .
- Y .- =
O 3 Metatranscriptomics é‘ assoc:a:
OO i Metabolics W, /oy r
« O
Metaproteomics T4 &
Culture-independent Culture-dependent ® O 20RO
characterization characterization
(overestimated diversity) (underestimated diversity) Plant phenotyping

protein extraction



' Conventional methods of bacterial detection I

I

' Culture-dependent | l Culture-independent |

-
T

r

. —— | T —
l M'“;:':::‘i e I l v“:‘s‘tzcl’lsz?:rc:: Il Biochemical tests I l Immunoassays \' “::'::::’:' |
| 3 O h
s~ e . ™= I
=z =
*IFA: Immuno-Fluorescence-Assay

TEXNIKEZ ANOZOOOOPIZMOY ‘ELISA: Enzyme-Linked-

Immunosorbent-Assay
*WESTERN-BLOTTING
*KYTTAPOMETPIA POHX

1. Antibody specific for target antigen
2. Suitable visualisation method - e.g. Microbial Nutrition
enzyme, fluorescent dye, nanopartide SANDWICH

DIRECT Y

Immunoassay fundamentals
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M lC I'Ob l a] Nutrltl On Emvirenmental Sample Collection
And Metabolism C

| AT S o Extraction of RNA, DNA, Protelns

; i
Qo ) 4
Molecukar Techniques
Genetic fngerprinting methods: DNA DNA Hybridization
DGOETGOE, SSCP, RAPD, ARDRA, T-
RFLP, LH-PCR Cuanine Phas Cytosine DNA content
DNA microarrays Melagenomics:
DNA Structure RI-PCR or gPCR Famcrmet o o

Froleogemomics:

| - Hislone FIsH Metagenomics + Metaproteommnds
Chromoscme . B ) s Metatranscriptomics
- MAR and MAR FISH Whole Genoming Sequencing
" DNA A N\ Gone
< 3

Analysis of Structure and Function of Marine Microbial
Communities

&

l.‘ c‘
(R
- 4 / uccsce TEXNIKEZ MOY AEN BAZIZONTAI ZTHN
. /) mo KAAAIEPTEIA
B # Cytosine MEIQNETAI O XPONOZ
s MEIQNONTAI Ol EPFATO-QPES

MEIQNETAI TO KOZTOX
AYIANETAI H EIAIKOTHTA, H EYAIZOHZIA
* BPIZKOYN EQAPMOIH ZE OAOYZ TOYZX M.O.
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Blood

-

Animal

__Plant_

H KAl ANANTYXH

4

S a—

VIRE =

Lyses Add moderate PCR
lysate in PCR
mix

..\’ ...(,
&
° o.}' il
DNA MethOdS ‘Mictoorgaliisin
PCR: Xpnowgomoleitat ywa va moAAamAaclactel

OUYKEKPIHEVO TUAPA TOU YEVETIKOU UAIKOU Of HEYAAO
aplopdé avtiypapwyv. YmApxouv TPWIOKOAAA Yia
pHoplaKn Ttautomoinon M.o0., TA omola TEivouv va
AVTIKATACTAOOUV TIC KAAOIKEG KAAAEPYNTIKEG TEXVIKEG.
Electrophoresis: Aciypa amdé T10 pcr-mpoiov
TomoBeteital oe KataAAnAo gel ayapolng petall evog
(euyouc nAektpodiwv. To apvntika @opTiopévo DNA
‘TpExeL’ TPOC ToV BETIKO TOAO.

DNA sequencing: Texvikn mpoodloplopol TNG
aAAnAouxiag TUAPATOC 1 OAOKANPOU TOU YEVETIKOU
UAIKOU. AAO, peE Tola Oelpd eival tomoBestnuéva Tda
VOUKAEOTIOIa EMAvw otnV OMAN £Alka tou DNA.

https://www.youtube.com/watch?v=iQsu3Kz9NYo




MIKPOBIAKH ©OPEWH KAI ANAMNTYZXH

Microbial Nutrltlon
And Metabol

GANT s

MTTP -
SCTP -9
GIATP -

TIGTP ~8 Cagilory gel

Wivmer esvenson
and oo terwrurodovs

STTTTTTTTY e &
ST T T T T T T T ¥
& PTTTTTTTTTTY
§ ¥ ¥ ¥ P
§ T ¥
DNA Methods
DNA sequencing: TEXVLIKN T —
nmpocdloplopol ™G aAAnAouxiag S —
TUAPATOG 1} OAOKANPOU TOU YEVETIKOU . . GGTCATAGC €— Semgwmce.
UAIkOU. AAS, pe Tmold OElpd eival A —

TOTOBETNUEVA TA VOUKAEOTIOIA EMAVW
otnv OWAN €Atka tou DNA.

(a) fﬂ e L R (52 00 710 720 e 140 750 e m 7..

N memngicks  GTGACTCGAGTGTGTORGAGEGRGE TRGAAT TCOACG TG TRGCRG TGRAATECS TRGAGATE TCOAGGAATACCGAT GOECGARGGCRGLC TOC TCGERCARCAC TGACET TCATGCCCLARGLLTGE6GT
Hmfvenzae  GTRRCTRGAGTACTTTRGCOAGLEE TRGART TCOACGT 6 TRGCGE TGARATCCATAGAGA TG T SOAGLANTACCGARGLCIAMGACAGCCCC T TLOGMTGTAC TGACLCTCATGTGCOAMMGLL 16666
S pneumonae TTRACTTGAGT GCARGRGLGEAGAG TGLM T TCOATGTGTAGLGG TGRRRTCCGTAGATATATCCAGGANCACCGE T GLCGAMIGCGEC TCTCTRGCTTGTARC TGACEC T GAGGL TCLAMMGLS 16666
g agaachoe  RGGACT TGAGT GCRGARGGLGAGRG T GLART TCCATET6TRGCGG T GRANTECS TRGATATATEGAGGRACACTUGE T GECGARAGLGEL TCTCTEGTTTG TRAC TGACSC T GAGGL T CHARRGLE 1 G6G6

https://www.youtube.com/watch?v=ONGdehkB8jU

coll CAAGC T TGAGTCTCOTAGAGEGGEE TRGAAT TCORGHT 6T AGLGE T GRAATGCLTAGAGATC T CLAGLAN TACGE T GLOGAMGLLGELCCCC T COACGRARGAL | GROGC T OMGE T GLLANAGLL T G666

S aureus ARRACT TCAGT GORGARGAGEARRG | GLART TCOATE TG TAGLES TGRAA T SCLCAGAGA TR T LCAGGRRCACORG T GLCGARGGLGAC TTTCTEGTCTG TRAC TGACSCTGATG TGLLARGLS 16666
S swis CRARC T TEAGT GCAGRAGLAEAGAL | GLAA T TCCATGTETRGCGE TGRRRTCCATRGATATA T CCAGLARCACCLGT GOCGARRGLAEL TCTCTEATCTETRAC TRACLC T GAGLE TLLAMKLLTGLGE
Consensus + AL TUGAGT goag . AGgGaagals T gGARTTCORG TG TAGE g6 TGRRATCCGRAGAGAT o T CEAGLARCAC T gt GLUGARGEL gt ot o 166, ct gt aal TGRCGC T gfie (o , CLARRGIL T GGG
m ™ 80 810 &0 830 840 850 860 820 = 0 900 10

| 1

N menngds  NGCAMCAGEATTAGATACCC TGS TAGTCCACGCOCTAMACGATGTCAAT TRGCTGT TGLGOARCE TGA-TTGCT TGG TAGCS TAGE TAMCGOGTGART TEACCGOL T GLLGAG TRCLGTCLCAGAT T
Hunfuenzee  NGCARRCAGGAT TAGATACCCTGETAGTCCACGC TG TRARACGC TGTCGAT TTEG6G6T THEEET— TTRA-ACTCTEGCGOCCETAGL TRACG TGATARATCGACCGOC TGREGAG TACLGLLGCARGG T T
S pneumcniao AGCRRRCRGEAT TRAGATRCCCTGETAGTCCACGCTGTRRACGATGAG TECTAGSTLT TRGACCCTTTCCGEGET TTRG TECCETAGL TRRCGOAT TARGCAL TCOGOC TGEEGAG TRCIACCECARGET T
S agalachae  RGUNRRCRGEAT TAGA TRCCL TRE TAG TCORCGOCG TARACGATGAG TGCTARGGTGT TRGGLOCT T TCCGHGEC T TRG TGOCLONGE TRMCGONT TARGOAC TCOGUC T GREGAG T RCLRCCLOMGE T T
coh AGCARACRGEA T TRGATRCCCTGE TAG TCCACGCCG TRRACEATGTCGRC T TEGAGE T TGTEOCCT TGRGECE-TG6C T TOCLGACE TRACGOGT TARG TCORC LT TGAGHAG TRCLGLILCRRGE T T
aureus ATCRANCAGEAT TAGATACCC TG TAG TCOACGOCG TARACGA TGAGTGC TRRGTGT TAGGLGET T TCCGCCOCT TAG TGCTEOMGE TAACGOAT TARGOAC TCOGUC T GLEGAG TRCLACCLONWGET T

S suis AGCGARCAGGAT TAGATACCCTGE TAGTCCACGOOG TRRACGATGAG TECTRGGTGT TGGETOCT T TCCGEGAC T OAG TGOOLOAGE T RACGOAT TARGCAC TCOGOC T GREGAG TACCACCACRRGE T T
Consensus AeCRRRCRgGATTRGATRICC TG TAGTCORCGCcg TRARCGa Thagtpc Togut G Taly, . .th Tecy, , peTtagtpoct , AL TRACGC ot Lige act COGOC TOLEGAG TRCCac (RCRAG TT



/ Samplc —_ >

Biomass Growth of colonies
suspcnsmﬂ/ ‘
DNA Isolation of pure colony
cxtraction l

Cluster analysis of viable

microbial population Identification of strains

through phenotypic and
genotypic analysis

Culwure independent techniques
(DGGE. RISA. SSCP. etwc)

‘L.
l*—-l’colonies on solid medium

. VBNC: Viable But Not
culture dependent density of liquid culture ! - Cu ltu rab l e
° ; ‘Cwvtava KUttapa o€ Eva
cell counts ’ ’
_@ oclypa, aAAa MH
: KaAAlepynotua’
% f iability stains
; —\a (me:mbran: integrity)
£ _ps ATP | cellular energy (ATP)
™ viability PCR S
? ’ y N
% ) Py respiration
g cellular metabolism ’ stable I5otope probing
2 = a4 (SIP)
- culture independent 5 | RNA-based methods bl botope labeline _[
.§ ; N radiolabelling
E protein-based methods SiF% proteomics
heat flow (isothermal BONCAT for translation
microcalorimetry (IMC))




MIKPOBIAKH OIKOAOT'IA K
MOIKIAOTHTA

Interactions & ’ 3 7
Communication %d Microbial

LW' e Srpmte ’f""J
'S

ad

MikpoBiakn OikoAoyia/MolkIAOTNTA: ZUPBLWTIKEG
OXEOCELC HIKPOOPYAVIOHWY Kal HIKpoBlakdad
evolattnpata. Maboydvol pikpoopyavicpoi. KukAol
Tou avbpaka, udpoyovou, ofuyovou, alwtou, Beiou,
PwWopopou, oldnpou Kal AAAwv otoixeiwv. O poAog
TWV HUIKPOOPYAVIoHWY OTIG Tapamavw Oladlkaocieg. H
mapoucia Taboyovwy Kdl pn HIKPOOPYAVIOHWY Of
TMOIKIAla UGATIVWY KAl OTEPEWV OIKOCUOTNHATWY/
Tpo@wa. BlopeuBpdaveg-IXnUatiopog BlopepBpavwy,
1010TNTEG, MaboyEveld.

NG -
M - e -
.
- ——
i I ——
. -

(@) MohSsecis Richaess and Lowt
Wcderase Atusdacce




MIKPOBIAKH OIKOAOT'IA K
MOIKIAOTHTA

EnVi ron ment something lives or grows

sthe air, plants, earth, water-
everything

*an area inthe environment
" werea living thing can grow
Hab|tat and survive
oforests, oceans, deserts, arctic
are allexamples of habitat

Niche Wy egrodied it
MikpoBiaka mepiBaAAovra:
MepiBaAAov: oTIONTOTE YUpW HAG HECA OTO OTOI0 ) ]
umapxet Lwn (agpag, vepod, xwpd, Qutd......) MAKPOKOZMO: xtigouve omiuia...
Evalaitnpa: pia mepLoxn PEOA o€ KAMmolo mEPIBAAAOY, (ctabepn oxeon opyavicpou-Beong)
omou évag {wvtavog opyaviopog pmopsl va nost Kat MIKPOKOZMO: texvnTec/ QUOIKEG
va avamtuxBei (0don, wkeavoi, motdula, Epnyot.......) PWALEG...(n Beon lval amAa pa deall)

‘©éon’/ ‘Znyeio’: to TUNHA Tou £vOLAITAPATOG, OTIOU
évag {wvtavog opyaviopog dnploupyEl To oTiTL Tou.



MIKPOBIAKH OIKOAOT'IA K
MOIKIAOTHTA

MOP®OAOrI'IKH
MOIKIAOTHTA

 METABOAIKH MNOIKIAOTHTA

* OIKOAOI'IKH MOIKIAOTHTA
MOP®OAOrI'IKH MOIKIAOTHTA

2XHMA TOY KYTTAPOY

; ) v
Kokkot, ompdd, apoppa AOMH TOY KYTTAPOY
R ‘\"%a v N |-|O7\UKU6'l'"l'CI%CI, '
comn Rod. or Bacius Sorium/Sproctete vnuatosl ng oun
o
) 000 4\’: ’/} f
oeres | e | f T 0% ¢ds )
& 3 V b /4 ¢
Sidaas |:-c< SO(‘?«(‘ (\.'>/ !avﬁﬂ“ wj. - (J
in pachets of 4) | -gum Uy«o‘.:m mwll :.:-u-)
e Y \’ré W
Sopmma | 1 IEme S )

MEFEOGOZ TOY

KYTTAPOY
1-5 microns
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OIKOAOI'IKH MOIKIAOTHTA
Zwn o€ MoIKIAia EvOlIAITNHATWY

YwnAn Kat XapnAn OeppoKkpaocia
AAatotnta -12.....113
©dAacoeg, AlPVEG pH




MIKPOBIAKH OIKOAOTIIA K
[MOIKIAOTHTA

G g “’**f‘ﬂm‘“* L e OIKOAOTIKH MOIKIAOTHTA
& ' JUUBIWTIKEG ZXEOCEIG

H ZupBiwon avagEpetal 0TI GXEGELG TTOU
avantucoovtal yetaéu opyavicpwy AIAOOPETIKQN
€10V, OTOU TAX £vag MapExXel Ta Baolka Opemtika
Tika!!

NAPAZITIZMOZ
¢ OHPEYTHI-OYMA (PARASITISM) AMOIIV?S'II'?J?L%?AIQZH
(PREDATION) ‘0pEAOG HOVO YIa TOV . (MUTUALISM)
. . OweAog yla 0Aoug TouG
@ ANTATQONIZMOZ TapAcITIKO Opyaviopo 0pYaVIOLOUC
(COMPETITION) TYMBIQZH (COMMENSALISM) SCamm

‘OpeAog Kal yla toug 6uo
opyavicpoug N HOVO Yia Tov £va
Kal o aAAog BAamtetal




MIKPOBIAKH OIKOAOTIIA K
[MOIKIAOTHTA

OIKOAOI'IKH MOIKIAOTHTA
JUMBIWTIKEG IXEOCEIG

Microblsl ecology ve-journal by leds

H ZupBiwon avagEpetal 0TI GXEGELG TTOU
avantucoovtal yetaéu opyavicpwy AIAOOPETIKQN
€10V, OTOU TAX £vag MapExXel Ta Baolka Opemtika
ocuotatika!!

% OHPEYTHZ-OYMA

(PREDATION)
DX ANTAIQONIZMOX
(COMPETITION)
Competition Tha R OGr o atvseera et
To fight over resources such as and 3 Mous:x:\n‘::: (;\20:* common

food, shelter, territory, or mates. predator-prey relationship.
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Microblal ﬁft%%O.PlF?J’l by leds OIKOAOFI KH I-IOIKIAOTHTA
R o TUPBIWTIKEG IXECEIC

%  ANTAIQNIZMOZ

(COMPETITION)
HIKPOKOOHO
c
o
s c
> 80 S )
Q N - =
o P. aurelia alone 3 80} p. cau datum alone
5 40 B
v 2 40
£ )
2 92 46 8 10 12 14 1f oEHEENRE
S D E 2 4 6 8 10 12 14 16 18
e g Days
c
°
T P. aurelia in mixed
§_80~ culture
o P. caudatum in
Competition e ief e
Q
To fight over resources such as g 0 : : . : : . : :
food, shelter, territory, or mates. o) 2 4 6 8 10 12 14 16 18
>

Days



MIKPOBIAKH OIKOAOT'IA K
MOIKIAOTHTA

OIKOAOrI'IKH MOIKIAOTHTA
JUMBIWTIKEG ZXEOCEIC

<> ANTATQONIZMOZ
(COMPETITION)
HIKPOKOOHO

®YZIKH EMIAOIH

A bunch of bactena, et bathed in The resstant Eventuaity, the

POUANG 3 resiSIant antibeotcs. Most Dactena multiply entire Nledtion
vanety... of the normal and become more  evolves nto »
bacieria die. COMMon. ressLant stran.
r = o r . r o
: - SREP e — -
W P e -gm N\ NN
N S| —N\= = —
— - - —
” * — —
= - o< BN
w o G - - —
‘ B ‘ — —
Mutation creates . \ g J

veristion B mal bactenum g dead Dactenum

S resistant Dactenum
Unfavorable mutations

selected against

Reproduction and
mAation occur

Favorable mutstons
mare lkely to surive

and reproduce
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O POAOXZ TON M.O. ZTA ®OYZIKA MNMEPIBAAAONTA

BIOAMOIKOAOMHZH

v

EMETEPTAZIA AYMATQON
KAI NEPOY

ANTAIMQNIZTIKEZ ZXEZEIZ
MAGOIONQN-MH
MAGOIONQN




MIKPOBIAKH OIKOAOT'IA K
MOIKIAOTHTA

BIOAOI'IKOI KYKAOI

—> KYKAOZ TOY
OXYIONOY

Carbon Cycle

KYKAOZ TOY AZQTO' \/ \ ‘

Pord
Roprotion
I Anrpcy -
e .
A

R

KYKAOZ TOY NEPOY




MIKPOBIAKH OIKOAOT'IA K
MOIKIAOTHTA

Microbs! ecfgff"" e BIOAMOIKOAOMHZH

—> EMMAOYTIZMOX
OYZIKQN
ENAIAITHMATQN
5 NEKPH OPTANIKH YAH . ] -
JUHPHETOXN OTNV AVAKUKAWON MPQOTEINIKH ZYMQZH
Bacikwv epsr[uKo'ov sachet
QAmoikodépunon tou °UCTITHOY e SN E -
meTpeAaiou: e .

‘MpookOAANGN TWV
BakTNPIOKWY KUTTApwV
OTO UTTOCTPWHA

‘Tapaywyn ouoclLwv
(BlocouA@ovika), ol
omoleg evioxUouv Tnv
OldAuon Twv amoBANTwY

>
-
@)
oo
>
L
_l
>

Dxhant

;

m Landfilled

g8 8

m Com bustion with
energy recovery

B Recovery for
Composting

ATIopplyn 0TO (PUOIKO
nmepIBaiiov

8

millions of tons of waste
-

BN Re covery for Recycling

8

— ]
1960 1970 1980 1990 2000 2008 Total Waste
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EMNEXEPTAZIA AYMATQON KAI NEPOY

’
r
Domestic Wastewater :
» Bathing .
» Washing Clothes, Utensils, Vehicles etc. »
» Sanitation waste v H >
» Landfill leachate Effluents OlKlClKC( C('ITOB)\I']TC(
» Commercial
iim -
Tc::l;ic cahramrys b mh -t
o E A S o &
- - ik e R

- .-

Faamaricsrmmt rarssgem vy esvsa -

Industrial Waste Water
Chemical
Petroleum and Refining
Food Processing
Pharmaceutical
Pulp and paper
Textile
Dye processing

Blopnxavika
amoBAnta
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. EMEZEPTAZIA AYMATQN KAI NEPOY

. MONAAEZX ENMEXEPIAZIAZ AYMATQON
// \\ Waste Water Treatment Plant (WWTP)
([~ "
H 2 i o, )]L __— &oxGpwon
\\ e e / /' MNpwrofabma emefepyaoia efaupwon
f-? - ’ peiwon BOD 35% RN
\\\ - / __—  &vEPYOS IAUG —kaBidnon *
— AcurepoBabpia emefepyaoia <——— oiAtpo Bidnang
-pgiwon BOD 75-95% T Befapevi) ofeidwong

-amopdakpuvan mafoyovwy

BOD: Biochemical

. QINion
Oxygen Demand TpiroBabpia emedepyaoia e — Aipveg aTaBepoTroinong
COD: Chemical Oxygen -amopdaxpuvon N & P aTroBrKeuon
Demand - MEPAITEPW ammopakpuvaon maboyovwy
XAwpiwon
AmoAUpavon

- MEPAITEPW AMOUAKPUVON TaBoyovwy

(* NpwroBabpa kai Ssurepofabma Aaorn)
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| MOIKIAOTHTA

EMEZEPTAZIA AYMATQN KAI NEPOY
MONAAEZ ENMEXZEPIrAZIAZ AYMATQON
Waste Water Treatment Plant (WWTP)

ENEZEPTAZMENA YIPA

ENEZEPTAIMENA IAYZ
AYMATA
AIAGEZH IE YAA:(\
ANOAEKTH ENANAXPHEIMONNOIHEH
b . AIAGESH
BOD: Biochemical ‘ .‘ eédMaoa
Oxygen Demand \ \ Xwparepr
COD: Chemical Oxygen \ \ Anotédpwan
\ \ ESadog
Demand \ ]
\ 1
Eraveiahivepd  Méoyo vepd (Gvfeas, ENANAXPHZIMONOIHEH
(réowo, mldfbncm) ppcoa) | KoprnooTomoinen
\ v Bloaépio
v
Oalaoowx vepa IxBuoxalispysiss,
(xoAdpBnong,
yBuoxkaAiipyaieg)

NetpéAaio
Apbdcuaon, Biopnyavia
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C o‘_\c. Ry

o U

L7y
OZYZTHMATA 3E

— MAPAKTIA KAI
METABATIKA YAATA
©dAaococeg Kal
AlpvoOaAacoeg

YAATINA OIKOZYZTHMATA

OIKOXYZTHMATA
EZQTEPIKQN
‘l’ YAATQON
Aipveg
YFPOTOMNOI Péfovta 'Ydata
(Ymoyewa)

OIKOZYXZTHMATA ZE
EMIOANEIAKA
YAATA
Motapia, QUGCIKEG

A 4
4 LN ' YT v
L g



MIKPOBIAKH OIKOAOT'IA K
MOIKIAOTHTA

YAATINA OIKOZYZTHMATA/EIAH NEPQN
MAGOI'ONOI M.O.

Microbls! ecol Tttve-journal by leds

KOAYMBHTIKEZ

AETAMENEZ

E. coli, Total
coliforms,

Enterococcus faecalis,

P. aeruginosa

©AAAZZINO

MOZIMO NEPO/AIKTYO E. coli, , Total AEIAMENEZ/NTQYZ/ZI'IA
YAPEYZHZ coliforms, v L. pneumophila, P.
E. coli, P. aeruginosa, Giardia, Enterococcus aeruginosa,
Salmonella typhimurium, EMOIAAQMENO Cryptosporidium parvum
Salmonella typhi, Shigella spp, E. coli, P. aeruginosa,
Campylobacter jejuni, V. Enterococcus

cholerae, loi evtepikng
NMPOoEAgUONG

Viral AGH p
a Batlcrhl(,hmkul

IS‘. ln. .

Glarca
11%

YAATOIENEIZ EMIAHMIEZ

Cryptospovidum
20%
AGI - acute gastrointestinal illness
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XPONIA NOZHMATA/AOIMQZXEIZ

KAPKINOX TOY
MENTIKOY
Helicobacter pylori

FaotpevtepitIOELG,
Aeppatitideg, Hmatitideg, TYNAPOMO GUILLIAN-BARRE
Aomw&}g tou Campylobacter
AVaTVEUGTIKOU, AOIHWEELG ‘l, e
S oﬁfcf:gguzm’;m” AIABHTHZ/MYOKAPAITIAES .,).3.:
log Coxsackie/log oo

Neonatal causes eChOVirUS Ve :
Other ] Hepatitis <16 mins
Pneumonia*

Diarrhea*

Malaria -

AIDS ‘ Giardia <45 mins
Meningitis p

Measles

*Includes neonatal deaths g “,(f,‘ g C 10 d
Sowurce: Liu et al. Lancet 2012 ._" ‘f_;: rypto > ays
e
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TPOODIMA
MAGOI'ONOI M.O.

Microblsl crfqbg':a-!f&mvsimmn' by leds

Salmonella spp

S. enteritidis, S.
typhimurium

Tpo@IKEG ONANTNPIACEILG,
MouAgpika-Auya-Qua

]
]
]
]
1
]
]
]
1
/
I Aaxavika,
1
]
]
1

Clostridium Beppocuaiodnto, Anpdoia
perfringens | +Atopikn Yylewvn
Nekpwtikeg Eviepitideg, Shigella spp
Campylobacter jejuni Kpgag+mouAepikd; S. dysenteriae, S. sonnei
Evtepitideg, Zwo-peTadIOOpEVO, GEQHOGVGEKT{KO,' Baktnpiakn Aucevtepia,
(aypla mtnvd), 6eppoguaicdnto,  (omopla), Anuocta MoAucpéva TpogIpa-
Anpooia+Atopikn Yylevi +ATopIKN YYIEIV Kompavootopatikn 060,
% Anpooia+Atopikn Yyleivi
EHEC Compylobacter Listeria
monocytogenes Escherichia spp
Snwaipia, Maviyyitida, E. Coli 0157:H7
MoikiAa mepiBaAAovta, Oupaipiko AlpoAuTiko
ibrio spp iistena mon Wuxpo@iAog, Anpdoia 2uvépopo, Faraktopopa

: +Atopikn Yyiewvn Booe16n-Qpa tpogiua,
Oeppocuaiocdnto, Anpocia
< +Atopikn Yylewvn
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TPOODIMA
MAGOI'ONOI M.O.

Microblsl efgbﬁ}ﬁﬂ@friﬂ\mm! by leds

Viruses
Rota, Norwalk, Echo,
Hepatitis A
Vibrio spp Evtepitidec-
V. parahaemolyticus Factpeviepitioeg,
Tpo@ikEG dNANTNPIACELG, MoAucpeva Tpopipa amo
Octpakoeidi+ydpia (Bardooio TPWKTIKA, Anpooia
Vibrio cholerae mepiBaAiov), BeppocuaicOnto, +ATopkn Yytewvn

V. El Tor Anpooia+Atopikn Yyleivi
O€U evtepIKO VOONUa,
MoAucpéva tpo@iua amo
AUpata-Qua yapia,
Oeppocuaiocdnto, Anpooia
+Atopikn Yyleivn

TPOOIMOTENHZ EMIAHMIEZ

Closyidium parringens, 2.29
Vibrio vuiniices, 2 0%

E. cof O15T:HT, 1.9°%

Yersinla enterocolivca, 1.8%
Shipeka spp., 0.9°%

Vitrio spp. other, 0.8%
Cryptosporcium parvum, 0.39%
STEC non-O157, 0.29%
Cyciospora cayetanensss, 0.01%

Note: Annual cost estimates are in 2010 dollars based on disease incidence estimates published
in 2011.

Sourcec USDA, Economic Research Servica,
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TPOOIMOIENHZ EMIAHMIEZX

Total Number of Sequences in the GenomeTrakr Database

160,000
®mSalmonella olisteria 0OE coli/Shigella mCampylobacter mV. Parahaemolyticus
140,000
DR g B ) e e e L A age Vumbe o e TR T
Addad Far Mo o 2003 = W Addad Far Maminy o D004 = L Adtad P Mo i 2600 - 2080 Added Far Moot = D004 = 450
120,000 I

Number of Sequences
(as of he last day of the quarter)
s

19tOF 2nd Oty MdOF SNOF 1tOF 20 OF MdOF NCE tOy IOt JdOF dNCY WOF dOtr JdOF N OY WMOF Ind O

— == N 7\ 7\ 7\ 7\ >

2013 2014 2015 2016 2017
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One Health approach

Micrahlsl cv‘hb& !Lm"’ iﬁf!"n! b leds

...encourages the collaborative efforts of
multiple disciplines working locally, . Domssstic
nationally, and globally, to attain optimal wildife " animals

—— health for people, animals, and our
environment
é Research
' ; Program on

Nutrition

CGIAR | andHealth
One Health "' ENIAIA YTEIA: H Eviaia Yyeia avayvwpilet
OTL N avOpwivn uyeia cuvOEETal PE TNV UYEia
TwVv {WwV Kal To TePIBAAAOV.




MIKPOBIAKH OIKOAOT'IA K
Wicrmbs el setvnaront o e I-I O I KIAOT H TA AHMOZIA YTEIA

MEPIBAAAONTIKH
YI'EIA

MIKPOBIOAOT1A
Q2 EPIF'AAEIO THX
ENIAIAZ YTEIZ

Comparative :
medicine /

Translational
medicine

MPOAHWH
MAPEMBAZH

EMBOAIA
METPA YTIEINHZ

ZQO-
ANOPQIIONOZOI



