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H E€eALEn kat MNowhopopdila Twv
Kuttapwv
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2TOX0I TOU uaénuaroc

Na yvwpiooupe:

Ta XapaKTNPIOTIKA TNG {WwNG

TNV TEPACTIA TTOIKIAOTATA TTOU TTAPOUCIAfOUV Ta KUTTAPA
QaAAQG Kal TIG OMOIOTNTEG

KOIVOUG £CENIKTIKOUG NXAVIOUOUC
TI €ival HETAAANGEN

TTWG UTTOPEI £V XAPAKTNPIOTIKO VA £YKATACTABEI OTOV
TTANBUO O

TTOI0i OpyaVvIOUOI XapakTnei{ovTal WG TTPOTUTTON




T1 onpaivel va eical «(WVTAVOG»;

= [loid €ival Ta XapaKTNPIOTIKA

TTOU dIaKpPivouv Ta £UBIa OvTa atrd TNV
apia UAn;

= [loid civar n Bgpehiwdng apxn TTou
diETrel TN (wn);



XapaKTNPIOTIKA TNG (WG

KAnpovopukotnta

Avarapoywyn s e Oavaroc!

AnoKpLon o€
epediopata

MetaBoAlopog



Kuttapikn Oswpia

Kuttapd: H OgepeAilwdng povada tng (wWNGS

Kuttaplkn Bswpia
AtatutwOnke ya mpwtn ¢opd to 1838 amod touc Meppavoug M.

Schleiden kat Th. Schwann petd amno oglpd LEAETWV TOUC O€ \
dUTIKOUG Kal {wLkoUC OPYOVIOHOUC OVTLOTOLXAL.

OL eTLOTAMOVEC auTol uTtootRpLEayv otL:

Cell Theory

«OepeAwONC povada dopkn Kot Aettovupylkl OAwv
TWV EUBLWV OPYAVIOHWV Eival TO KUTTAPOY».

/

L R
MepLKa xpovia apyotepa, Evac AAAOC EMLOTAMOVAC, ETLONG

eppavocg R. Virchow cupmAnpwoe tnv KUTTopLKr Bewpla pe To
YVWOoTO aélwpa:

«Omnis cellula e cellula»



BioAoyia kal EpWTAMATA UTTAPENG

= A16 1TOU TTPONABAE;

* [lwg avamruooopaocTe ammo  Eva
MEUMOVWHEVO YOVIMOTTOINUEVO WAPIO;

» TiI pag kavel va dlAPEPOUPE ATTO TOUG
UTTOAOITTOUG avOpwTTOUG;

-

= TI  opoIdTNTEC  £XOUME  ME  TOUG S
UTTOAOITTOUG {WVTAvVOoUC OpYyavIiououg;

MarTi TTEBaivouye;




[MoikIAOTNTO HEYEBOUG

Fu . — | \
vinus ,.'/ \ | \ \
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m cell Xy 5 \
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Naked eye
| ]
1
Light microscope
L |
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Electron microscope



[MOIKIAOTNTO KUTTAPWV

» [loIKINOTNTO OTIC XNMIKEC ATTAITAOEIC KAl OTIC METAPBOAIKEC OPAOCTNPIOTNTES
» EmBiwon oe akpaia TepIBaAAovTa (ECTpEUOPIAQ)

SPRINGER BRIEFS IN MICROBIOLOGY
EXTREMOPHILIC BACTERIA

SEAICE, PERMAFROST ~ COLD SEEPS AND SHALLOW-WATER HOESERINGS, HYPERACIDIC LAKES DESERTS AND ACID MINE -
AND POLAR REGIONS ~ MUD VOLCANOES HYDROTHERMAL FUMARCLESAND AND VOLCANOES ~ ARID ENVIRONMENTS DRAINAGE Prasanti Babu

| omV.Singh =
Extremophile:s!!
and Their
Applications

in Medical
Processes

T

DEEP-SEA ANOXIC DEEP-SEA SERPETINIZING

HYDROTHERMAL SEDIMENTS
LAKESABDERIES VENTS ENVIRONMENTS  \\p TRENCHES ~ SUBSURFACE

MARINE AND SODA LAKES NUCLEAR OPHIOLITES AND @ Sprlnger
CONTINENTAL AND HYPERSALINE ~ CONTAMINATED CONTINENTAL
LAKES S

ITES SERPENTINIZATION




[MOIKIAOTNTO AVATTOPAYWYNG KUTTAPWYV

» [loIKINOTNTa OTN OIadIKOCIa ATTOKTNONG OTTOYOVWV

H peyaAn e¢eidikeuon odnyei oTnNV ammwAEIa avaTrapaywyng.
Mia T€Tola €€€1dikeuon Ba rTav ACKOTIN YIa €va JOVaXIKO KUTTAPO.

Daughter bucs

Developing
( tud
] 7
Egg (Ovum) y
23 Chromosomes '._\
F7 ‘ Zygote Embry'c;
| | 46 Chromosomes 48 Chromosomes ool

I . in 23 pairs in 23 pairs (A) (15)]

Yoast - Asexuad raprogduchon by buddng
Sperm
23 Chromosomes

Cytoplasm

Nucleus

Daughter

@\ Daughter

Binary fission in Amoeba



[MoIKIAOTNTO OTNV aveSapTnoia

Cell
development

A
Cell—cell | |
communication | |

NP e
oo =" &
Tissue homeostasis \ Immune interaction in disease

Nature Reviews Genetics, 22, 2021

(,




[MOIKIAOTNTO KUTTAPWV

* [ToIKINOTNTa OTNV £€EIBiKEUON

O —9 W00 O

Natural Idlleuell Macrophage Monotyte T lymphocyte Blymphocyte

‘-.\ Thymus t"
T lymphocyte \
Lung
oy Kupffer cell
v ”‘ \‘ O
8 s % '. "% } \ @ \‘\‘-..,
7 - Bone marrow

’ .
Neutrophil Eosinophil  Basophil \ \' / Stem cell:

(Polymorphonuciear granulocytes) | ! Progen tor of

B | - N
" " Y / ) ] / Skin
(\ ) . -~ Blood B ? Dendritic cell or
\

k< : | Langerhans cell
T lymphocyte 8 fymphoeyte t \ \
7 W | f Lymphatics and lymph nodes
{ . ) } - 4 5 i :
~ e - | Y
Monocyte  Natural killer cell K435 > 3\
5 © @

Macrophage Dendritic cell T lymphocyte B lymphocyte

Artificial Cells May 2018

Microglial cell

Spleen

mmune ce s




[MoikIAOTNTA TTEPIBARMATOG

Animal cell Plant cell c
IySOSOMe  inosomes l cytoplasm chloroplast
centriole Glium I
lysosome cnde
o / S - ‘ z ribosomes _ Smooth-ended
| mitochondrion \ =% rough
peroxisome ' \ . St r, \ 2®) sndoplasiic (stictium Ruflle-ended
of. " endoplasmic v smooth fionicis
< D reticulum 3 . endoplasmic reticulum

Maturing enamel

vacuole %\

- 2 iy nucleoplasm

nucleolus

nuclear
envelope

\ nuclear [ \J ' /
envelope 8 \ y ©
rough . = ¢ \cen wall

nucleus
nucleus

nucleoplasm

o
o
endoplasmic
reticulum
plasmodesma
Golgi \
apparatus mitochondrion cell membrane

peroxisome

secretory vesicles cytoplasm vesicle Golgi apparatus

MNepiPAnua kuttdpwyv dovtiol

ZWIKO Vs QuTKO



[MoIKIAOTNTO OXNMATOG




[Nlovidiwpa kai MNMolKIAOTNTA

KUTTAPWV

’

Epithelial fibroblasts

Gland cells

Osteoblasts -
Cardiac
Myofibroblasts
. .
! 7
l L

Chondrocytes (

N

2 Hepatocytes
k3
[0
.

Prokaryote

S

Bacterium

WWWWWW

;;;;;

Eukaryotes

------

Plant Cell

Copyleft @ Henry Norman

.....

Animal Cell




OpHoIOTNTEG KUTTAPWYV

O poAog Tn¢g Bioxnueiag kai Tng Mopiakng BioAoyiag

a) Bacterium b) Eukaryote

NG \e
>

i ?2 Precursor mRNA 2 \/’\\//\‘5)/2

& "
2L /_/N (pre-mRNA) N e
\/ \ L/s_ RNA

polymerase
5 AP\P\...
rocessing
(5 cap pPk
3’ poly(A
\mtron removal
» mRNA 5
Polypeptide

being synthesized

Ribosome Cytoplasm



To d0yua TG BioAoyiag, oTnVv TTPAYMATIKOTNTA, Eival

Aiyo 1710 TTOAUTTAOKO!

o— Epigenetic mark (HP-1, SIR3,4 etc.)
- Nucleosome
a—Histones H3/H4

SV40

B /Epigenetic mark (HP-1, SIR3,4 etc.)
5
% — Nucleosome

Pol lll HE assembly

Nature Reviews | Microbiology

Chromosome

Molecular Cell 30, May 9, 2008 Nature Reviews Microbiology 11,April 2013



2€ TToI10 BaBuo polalouv Kal o€ TTOI0 BaBuO

OI10PEPOUV Ol OPYAVIOMOI;

= Kolvr) kKataywyn

Time Three domains of life
Methanogenesis (>2.77 Ga)
LACA. Archaea
Origins of life LUCA 342 Ga
(<4.3Ga) (:_fi?éa) e Eukaryola  LECA® Undisputed
evidence for life »-@ .
? / Plast (>1.05 Ga) “
Mitochondria 4Ga i
Rockrecord  »@ ;
MBC Bacteria
Photosynthesis (>3.42 Ga) First cell
Habitable Earth
I 1
43Ga : :
Hadean Archaean lé Proterozoic Ga Habitable Earth »@ — — - — — -~ — ——— —__ QQQ'_”_S of life
| | | |
456 4.00 2,50 054 456Ga
a Earth accrstion » @
nature
Explore content ¥  About the journal ¥  Publish with us v Subscribe
AL 3 | K ..
Stromatolite ~ Microfossil ~ Cyanobacteria Protist Algae nature > review articles > article
(>3.42 Ga) (»3.22 Ga) (>1.88 Ga) (>1.65 Ga) (>1.05 Ga)
*Last Universal common ancestor (LUCA) Feview | Published: 21 Augst 2013

Challengesin evidencing the earliest traces of life
*Last Archaea common ancestor (LACA) g -

*Last Bacteria common ancestor (LBCA)
*First Eukaryota common ancestor (FECA)

Emmanuelle J. Javaux &=

Nature 572, 451-460 (2019) ‘ Cite this article



T1 €ival ol HETAAAAEEIG;

= H aviypadn dev elval TAvVTOTE TEAELA KOl
ol TAnpodoplec kamolec popEC aAAOLWVOVTOL.

Mua petaAaén pmopetl o SedopeveC
nePLBAANOVTIKEC OUVONKEC:

1. va KAVEL Eva KUTTAPO ALYOTEPO LKAVO VAL
emBLwoEL.

2. VoL KQVEL Eva KUTTOPO TIEPLOCOTEPO LKOVO Val
ETIPLWOEL.

3. va eivatl adladopn ya tnv emBiwon tou.

DA£vyKk 1928

Why wrong is not always bad?



ECEAIEN KOl NETAAAAEEIG

Epdavion véag petaAAaéng oe
Tuxoaio xpovo

RECOVERY

POPULATION SIZE
BOTTLENECK EVENT

= TIME >

AAAayn neptBaAAoOvVTLKAG
ouvOnRKNnG



ECEAIEN KOl NETAAAAEEIG

Epdavion véag petaAAaéng oe
Tuxoaio xpovo

ampicillin sensitive colonies

‘ e —
v ] incubate ]
- master plate
H - - __- s lacks ampicillin  contains ampicillin
. s t\|/t
z
S @ |
< é replicate on
2 i RECOVERY - fresh media
o = I
e =
(]
**+.., EXTINCTION sterile velvet
on a block _ y
- TIME > T
imprints of
all colonies

AAAayn neptBaAAoOvVTLKAG
ouvOnRKNnG



ECEAIEN KOl NETAAAAEEIG

* [lowd e€nynon mLotevVETE OTL
d0BnKe apyLKa yLa To
HAUPLOUO TWV TTETAAOV S WV
KOTA TN Blopnyovikn
ETIAVOLOTOON;

TL OUVEBN MPOYLLOTLKA,




ECEAIEN KOl NETAAAAEEIG

Epdavion véag petaAAaéng oe
Tuxoaio xpovo

RECOVERY

POPULATION SIZE
BOTTLEMNECK EVENT

“ee,, EXTINCTION

= TIME >

AAAayn neptBaAAoOvVTLKAG
ouvOnRKNnG




MpoTuTtrol Opyaviocpoi MeAéTng BioAoyikwv

Olepyaociwyv (Opyaviouoi MovTéAa)




Xpon TPOTUTTWYV OPYAVICHWYV ICTOPIKA

Herophilos, the great anatomist of antiquity

A
HIPPOCRATES GALENUS VESALIUS BERNARD
ARISTOTELES HARVEY

Animals 2013, 3, 238-273; doi:10.3390/ani3010238



[MpoTuTrol opyaviocuoi-Kpitipia ETTIAOYAG

OL mpotumol opyaviopoi ouvnBwg 6ev eival dlaitepol koL dev mapexouv
neploootepn nAnpodopia amnd aAAoug, aAAd emiAeyovtal SLOTL €XOUV LA OELPA
QO TTAEOVEKTALOTO TIOU UTTOPEL vaL EEUTINPETOUV TO EKACTOTE TIELPA QL.

Eukaryotes
Bacteria

v Eilvol euKOAOTEPO va HEAETNOoUV 01O Archaea
£pYyQOTHPLO. l

v' MMopel va avamapdyovtal ypriyopo Ko
OLKOVOLLKAL. ~ o

Karmotlot yla mapadelypa eivol SLAPavelC KOl e,
Val LLOG ETILTPETIOUV VAL SOUE AUEDCO TAL
OTTOTEAECLOTOL TWV TIOPEUPACEWV LOC OTOUC
LoToUG Kol 0T Opyava TOUC.

MNati Opwe Toug peAetdpe; TL pag volalet;
Nature Microbiology volume 1, Article number: 16116 (2016)



OnAAcTIKA )
n . el MoVUSE ‘
Mammalian Rat

Models

S. cerevisiae (budding yeast)
S. pombe (Fission Yeast)
Neurospora (filamentous fungus)

D. melanogaster

Mn OnAaoTtika (Fruit Fly)
Eukapuwtika ] =» Non-Mammalian C. elegans (round worm) %
Models
D. discoideum (social amoebae)
Xenopus (frog) &
Gallus (chicken) -—ag‘
D. rerio (zebrafish) —,
Gurika =) Arabidopsis B
Plant Models Ny

MPOKAPUWTIKA] ====p  BakTtrplol — E.coli




Escherichia coli




NMPOoKAPUWTIKO MOVTEAO:

To BakTAplo Escherichia coli

lotopla Mopdoloyia

Gram-, TIPOOLLPETLKO avaEepPOBLo

oxNuo paBdou pe unkocg niepimou 2.0 pm Kot
Stapetpo 0.25-1.0 um

Theodor Escherich (1857-1911)
Prof. Paediatrics




OikoAoyia-E. coli

Duowko eptBaiiov KUukAocg {wng

CEL L\ 'ALL
~~ _~ MESOSOM

To E.coli (gL oto €vtepo TOU =
/ b/"\ ._—NUCLEOI RZULAR DNA)
4"’ ? - DNA

> \ ,. . €
-~ 3ol N REPLICATION

avOpwrou Kol dAAAwWV

omtovOUAWTWV {wwv /7 e s N
/ P,
i 5:3 /‘r

OV s | oo VR ¥ ]
‘/ _f? \I / (_y'." \ . \
1 82 G - | R v En TR
A AT\ v y BACTERIAL
SN rovea s oot AN A o et o oL CELL CYCLE \
DA TER CE CELL ELONGATION

[MAgoVEKTNHA ‘
1 | NEW CELL WALL

NEW MEMBANE

- NEW MESOSOME

B i T
% : 3% — N DAUGHTER
[ NUCLEOID

H tayutatn Kol OLKOVOULKN s
QVOTTOPOYWYN OE TIOLKIAEC i = - __
ll,\.-,\‘-v~_~.—77-._.<A_“...,_,_'___‘/" /.. L ‘A‘A:\:P Na vF FxsZ

XNULKEC OUVONKEC.
T CENTRIPETAL

GROWTH OF SEPTUM

Figure 11,6 Binary fissioninab




E.coli_eveTikn MAnpo@opia

= [TARpNg aAAnAouyxton DNA 1997

= KUukALkO popto DNA pnkouc 4.6 ekatoppupiwyv (euywv Baoswv

= 4288 yovidla (mou opyavwvovtal os 2584 onepovia) EMTA PLBOOCW LKA
RNA (rRNA) omtepovia kot 86 yovidia petadopac RNA (tRNA)

Bacterial chromosomes have a single
point of origin.

ﬁﬁhﬂb% @y, : @M@,{g@% ‘
s Y, s "7— Old DNA
g  __, g’ -, New DNA
2 ¥ 4 A
% ~

: Replication
Origin of proceeds in
replication  both directions

Figure 14-11b Biological Science, 2/e © 2005 Pearson Prentice Hall, Inc.

The complete genome sequence of Escherichia coli K-12". Science 1997. 277 (5331):
1453-62. doi:10.1126/science.277.5331.1453



Media agiomroinong E. coli

* Bloteyxvoloyia: To €pyo twv SN. Cohen kat H. Boyer oto E. coli, XpnNOLLOTIOLWVTOC
Ao Kot Eviupo TIEPLOPLOHOU yLa tn Snuioupyia avoouvbuaopévou DNA,
€yLve to BepeALo Tng Blotexvoloyiac.

* MNapaywyn etepoAoywv MPwTeivwy (LvoouAivn)

Requirements for recombinant protein

production
Vector @/ Plasmid
Gene Insulin
Host E. coli

*To 1o oNUAVTIKO lowg epyaleio tpomomoinong tou DNA: FeveTikd otolxeia mou mapapévouy aveéaptnta
oo TO XPWHOOWUA O€ OToLodNTToTE 0TASL0 TOU KUKAOU avtlypadnig Tou Baktnpiou



OcpeAiwdeig yvwoeic Mopiakng BioAoyiag trou
KOTOKTAONKav Je Tn xpnon tou E.coli
Cracking Tou yeveTikoU KwoLKA

Mnyxaviopocg avtiypadnc tou DNA

Opyavwon yovidiwv kat yovidiakn puBuion (‘the operon’ )

Baolkeg mAnpodopiec yla tnv dnuiovpyla petaAAagewv Kal ylo tTnv e€EALEN
Twv bWV

AnpLoUpYLO YEVETLKA TPOTIOTIOLNLEVWY OPYAVLIOUWV

Crick FH, Barnett L, Brenner S, Watts-Tobin RJ. General nature of the genetic code for proteins. Nature. 1961; 192:1227-32.
Lehman IR, Bessman MJ, Simms ES, Kornberg A. Enzymatic synthesis of deoxyribonucleic acid. I. Preparation of substrates and partial
purification of an enzyme from Escherichia coli. J Biol Chem. 1958; 233:163-70




Saccharomyces cerevisiae




EUKOpuUWwTIKO HOVTEAO:

O {upopUKNTOG Saccharomyces cerevisiae

loTtopia MopdoAoyia

Ta kUTTOPA TOU S. cerevisiae lval oTPOyyUAQ
£wc woeldn, Stapetpou 5-10 um

o
< 06% > °
& 0 c
Qe ¢ 0 o <
- > aS S & 5 &S
Studies on J o = - °° -
' Fermentation o Q Vs -
m] l:is‘c\a'scsoﬂflcl::r.'l:hc'irc_?_:scs. . ' o o Q o 0’ [ )
and the Means of Preventing Them Oo a & ° Q 0
) o) . OQQ
S ° e e =0 & °€
I.O - A ) 0
e 00 Q




OikoAoyia-S. cerevisiae

Duowo neptPaiiov KUkAog {wn¢
O fupopuknTac (el oTNV Yeast life Cycle
eriipavela GpouTwV Kol o Desdniwy

Kupilwg oTadullwy e T A (9,2;9{/‘ N

) s e ias ( Diploid cells Sud
[MTAeoveKTNU o4 ,F l
H toxutatn Kot OLKOVOULKA O [Tt (o8 mmcme

QVOTTOLP ALY WY OE TTOLKIAEC Oi)
XNILKEC CUVOAKEC. °S

J



OikoAoyia-S. cerevisiae

KUkAoc Lwnc

Exchange of
mating factors

Yeast cell, , favtor Yeast cell,
mating type a i mating type o

- ——
i

New a/o cell



[MAgoveKTAMOTO XPAONG S. cerevisiae

" MKpOG xopovo avamnopaywyns (o xpovoc Sduthacloopol 15-2 wpeg
otouc 30~ C

= EUKOAN KOAALEPYELQL.
= Juvtipnon MoAAATAWY OTEAEXWV KAl SELYUATWV UE XOLUNAO KOOTOC.

= E§autiag Tou SuTAOU TPOMOU {WNG XPNOLUOTIOLEITOL KAl YL TNV
QVOTTOPAY WYLKN €PEUVAL.

" Mmopel va LETOOXNHUATIOTEL ETUTPETOVTIAG €ITE TNV MPOOOAKN VEWV
yovidiwv eite tn Staypadn HEGW opoOAoyou av cuvOUAGCHIOU.

" ZUVOETN EOWTEPLKN KUTTOPLK SoUn Xwpic OpwG To UPNASG TTOCOOTO UN
kKwokomotntikol DNA ( armAotnta otn HEAETN)

Botstein D, Chervitz SA, Cherry JM (1997). "Yeast as a model organism". Science. 277 (5330):
1259-60. doi:10.1126/science.277.5330.1259. PMC 3039837. PMID 9297238.



S. cerevisiae leveTikn MAnpogopia

To TPWTO EVKAPUWTLKO YoviSiwpa tou avaAuOnke mAnpwc (1996)
Saccharomyces Genome Data Base
https://www.yeastgenome.org/

Mepinov 12.157.000 (2,5 popEC epLocOTEPO YEVETLKO UALKO arto to E. coli)
(evyn Baocswv kot 6.275 yovidia (5800 Asttoupylkd), opyovwueEva
CUUTIOYEC O€ 16 XpwHOoOWHATO

Extipdtol 0Tt TouAdxtotov To 31% twv yovidiwv LOpung €xouv opoAoya 0To
avBpwrvo yovidiwpa!!!

Goffin A, Barrell BG, Bussey H, Davis RW, Dujon B, Feldmann H, Galibert F, Hoheisel
JD, Jacq C, Johnston M, Louis EJ, Mewes HW, Murakami Y, Philippsen P, Tettelin H,
Oliver SG (1996). "Life with 6000 genes”. Science. 274 (5287): 546, 563—67.
Bibcode:19965ci...274..546G. doi:10.1126/science.274.5287.546. PMID 8849441.



[Media agloroinong Tou S. cerevisiae

Katavonon tTou KUKAOU TNG KUTTAPLKAC dLlaipeonc Kol TNG KUTTAPLKN G YAPAVONG

The Cell Cycle

Cell with chromosomes i the mscleus

Cell division

® @ \ / DA synihesis
— @B @

! I — | / Chromosome duplication
M e ;
Chromoseme separation

G2

.

Hartwell, L. H. "Yeast and Cancer," in : The Nobel Prizes 2001, ed. Tore | ® '
Fréngsmyr (Stockholm, Nobel Foundation, 2002) ~

Cell with duplicated chromosomes
Nurse, P. M. "Cyclin-Dependent Kinases and Cell Cycle Control," in : The
Nobel Prizes 2001, ed. Tore Friingsmyr (Stockholm, Nobel Foundation,
2002)






MoAukuTtTapo povtéAo: D. melanogaster (Fruit Fly)

lotopia Mopdoloyia

Kitpwvo-kadeg, e KOKKLVOL LATLA KOl EYKAPpOLA ol pa
SaxtuAidla oTnVv KoLALAL.

MNapouvaoidlouv oe€oualko StpuopdLopo.

OnAukad: 2,5 mm ... tapBeveg pe tn BouAa! «,

ApoeVIKA : eEAadPPWC ULKPOTEPQ LIE TILO OKOUPEC TIAATEC ,
Hovpn KNALSa otn KOWLA Kat atypnpES Tpixeg (aykabia) mou
NePLBAANOUY TA AVATIOPAYWYLKA LEPN

Thomas Hunt Morgan (1866-1945)
Creator of Fly Room at Columbia University (1910)




D. Melanogaster (Fruit Fly)-OikoAoyia

Duowko nteptfariov KUkAoc {wng

female male

[MAeovekTnpata

v}% V.
C_\\ ’s

=  Eviunwolakr opoLotnta Twv tinstar larva

yovidiwv Tou e Ta -
avOpwrva ‘ y
" rpﬁvopn CXVaT[O(p(lV(L)VI"] . 2nd instar larva

e T Prbevesm s
v & el .“\)}
A X

3rd instar larva

OAa autd o€ 12 nuépeg!!



D. melanogaster INeveTikn MAnpogopia

* H aAAnAouxlon tou yovidiwpatoc tng oAokAnpwOnke to 2000

= Exel t€0oepa (VYN XPWHOOWHATWY - €va (evyoc X /Y kot Tpla
OUTOOWHLOTOL

= AntoteAeiton amo 139,5 ekatoppupla (evyn Baocswv kot mepimou 15,682
yovidLa

" [eploooTtePO armo to 60% Tou yovidlwpatoc daivetal va ivol AELITOUPYLKO
DNA movu

= O npoodloplopoc tou puiou otn Drosophila cupBaivel pe tnv avaioyia X:
A TWV XPWHOCWHUATWVY X TIPOC TA AUTOCWLKA, OXL AOYW TNC APOUGCLOC
Xpwpoowpatoc Y (XO dulo;;)

= OpoLotnTa pe tov avlpwro

" EKTIMATOL OTL Ttepiiou to 60% Twv yovidiwv datnpouvtal petafl twv dvo
eldwv

Goffin A, Barrell BG, Bussey H, Davis RW, Dujon B, Feldmann H, Galibert F, Hoheisel
JD, Jacq C, Johnston M, Louis EJ, Mewes HW, Murakami Y, Philippsen P, Tettelin H,
Oliver SG (1996). "Life with 6000 genes”. Science. 274 (5287): 546, 563—67.
Bibcode:19965ci...274..546G. doi:10.1126/science.274.5287.546. PMID 8849441.



[MAeovekTApaTa Xpnong D. melanogaster

Elval pHkpad kol eUKOAQ XELPLOUEVAL.
Mrmopouv va avalcOntonolovvtal EVKOAQ.
Elva oe€ovalika Stpopdika.

OLtapBevec puyec dpouTwv ival puotkad SLOKPLTEC ATTO TOUC WPLUOUC
eVNALKEC, KaBLOTWVTAC EVKOAN TNV AmoOKTNon MapBevwy apoEVIKWY Kal
OnAuKwvV yLa yeveTikn. Nevvave pexpt kot 100 avya tn péEpa (kat epimov 2000
Kata tn SLapkeLla TS {wNnc).

Ta apoevikd dev epudavifouv PelwTIKO avacuvduaouo GuleTiko (Mwe BonBaet
ouTO;)

H dpovtida kot n KaAALEPYELA TWV HUYWV PPpOoUTWV OTTALTEL EAAXLOTO
£EOTALOLLO, XOLNAO KOOTOC KOl EAAXLOTO XWPO

The Author Entomologia Experimentalis et Applicata 121 : 93—-103, 2006, The Netherlands Entomological Society



Media aglotroinong tng D. melanogaster

* KAaiowkn Mevetikn (xpwpHoowuLk kKAnpovounon)

Thomas Hunt Morgan

e Very important
geneticist, studied
Drosophila
melanogaster (fruit
flies)

e 8 chromosomes

e New generation every
2 wks

e XY sex determination

Figure 2. D. melanogaster S2 cell culture (A) and S2 cell
metaphase (B) with four copies of chromosome 3 (3), centric
fragments (cf) and breakages of X and 2 chromosomes
(arrows).

The Mechanism of Mendelian Heredity
(Morgan et al., 1915).



Kipkadiavoi puBuoi kai D. melanogaster

To BpaBeio NoumeA QuotoAoyiac/latpiknc yia to 2017 amovepundnke otoug
Jeffrey C. Hall, Michael Rosbash, Michael W. Young yLa tnv gpyaocia toug mavw
oTNV KaTavonon twv "HopLaKwV UNXOVIOHWY TIOU EAEYXOUV TOV KLpKASLavVoUC
puBuouc"

Jeffrey C.. Hall
Michael Rosbash
Ml("l'lldle].w Young .







[MOAUKUTTOPO HOVTEAO:

Caenorhabditis elegans

lotopia Mopdoloyla
Etoa\(wvr'] tou C. elegans wg Eppadpddita (pe Suvatdtnra
HovteAo To 1963 QUTOYOVLLOTIOLNONG)
ApoeVIKQ
To pUAo kabBopiletal amno tnv avaioyia

X

Midgut/ Intestine

Distal tip cell Tail
ai
Anterior arm of gonad Distal gonad \

Germ cells

<

Rectum & anus

Embryos

V

. ) Vulva Spermatheca
Lumen of intestine Oocytes
Pharyngeal-intestinal valve

Posterior arm of gonad

Sydney Brenner (13 January 1927 i |
— 5 April 2019) ~1lmm



C. elegans -OikoAoyia

Duoko repPEAlov KukAog {wng

Adult(mono m)
capable of egg laying)

W

utel rud elof pmsm
Young adult Gastrula
(900-940 pum)
Comma

/ Q 1.5-fold
exu’

L4 (620-650 um)
/ N
o
kY \
\ - 2-fold
Dauer (400 ; @
L3 (490-510 um) \ 3-fold /
, N Predauer (L2d) anet v food O
[MAeovekTnuata el 1 2
‘ h wew L1 (250 pm)
o L2 (360-380 um) il P g W
/\/a\_/

= MKPOC XpOVO OVaTIOPAYWYNS

=  EUKOAN KaAALEPYELQL.

" [MBavov o 1o anmAOg OpYOVIOUOC LE VEUPLKO cUOoTNHA

= OLveupwvec Twv avBpwnwv kat tou C. elegans sival oxedov mavopototurot!!

" JUVOeTNn ecwTEPLKA KUTTAPLKA Sopn Xwpic 0w To uPnAd MOcOOTO KN
Kwowkomowntikou DNA (amAotnta otn HeEAETN)

©WormAtlas



C. elegans_TleveTikn NMAnpo@opia

Mepimou to 26% TOU YOVIOLWHATOC ELvVaL LVTPOVLO

O C. elegans ntav o MPWTOC MOAUKUTTAPLKOC OPYAVLOUOC Ttou aAAnAouxnBnke
(1998 pe karmota keva kot 2002 AN pwc)

https://www.wormbase.org

, , , CAENORHABDITIS ELEGANS —
= 100 exkatoppupla (evyn Bacewv o Mg, e
e e
] ’ ’ \v IS
" gL xpwHoowHOTa Kol ptoxovoplako DNA. il S
|

AwaBgtel omepovialll

The C. elegans Sequencing Consortium (December 1998). "Genome sequence of the nematode C. elegans:
a platform for investigating biology". Science. 282 (5396): 2012-8.

Blumenthal T, Evans D, Link CD, Guffanti A, Lawson D, Thierry-Mieg J, Thierry-Mieg D, Chiu WL, Duke K,
Kiraly M, Kim SK (June 2002). "A global analysis of Caenorhabditis elegans operons”.


https://www.wormbase.org/

[Media aglotroinong Tou C. elegans

MeA£Tn veEUPOEKPUALCTIKWV VOO WV, LEAETN KUTTAPLKAC QIOTTTWONG

 To 2002, 10 PpaBeio  NoumeA

Quaotoloyiac/latpikig armoveun0nkKe
otou¢ 2idvel Mrmpévep, X. Poumept
XopBurc kot T{ov ZouAov ywa tnv epyacia
TOUC TIAVW OTOV TIPOYPOULOTIOUEVO
kKuTTapLko Bavato oto C. elegans.

BN Distal Tip ool

 To 2006, 10 Ppafeio  NoumeA
cDUG[O)\OYILOLC / |anlK|"]C aT[OVéHETOLl https://www.youtube.com/watch?v=cK-
otoug Andrew Fire kat Craig C. Mello ywa OGB1_ELE
Vv avokaAvpn tng mapepfoAng tou

RNA oto C. elegans
Video advised by Dr. Mello
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[MOAUKUTTOPO HOVTEAO:

Zebrafish (Danio rerio)

lotopla

George Streisinger

Founding Father" of Zebrafish Developmental and

Genetic Research (1972)

Mopdoloyia

AlaBetel tEvTe opolopopdeC opllovTLeg UITAe Awpideg
(e€oU kaL 0 Opoc LEBpa) Kal oL oTtolEC EKTEIVOVTOL LEXPL
TO TEAOC TOU oupaiou mTepuyiou.

To 0POEVIKO EXEL XPUOEC PLYEC OVALECOL OTLG UITAE
Awpldec.

To BnAUKO £xel pla LeyaAUTEPN, UTTOAEUKN KOLALA KOl
QLONMEVLEC plyeC

Mnkocg 1,8-5 ekatootd




Zebrafish -OikoAoyia

Duoko mepLBailov KUkAog {wn¢

30 Minutes After

° |eavevéq O€ 'EpOT[lK('X Vepd GTI‘] Nétla Fertilization

Aota, (Ivéla, Mokiotay, . @ 1)\*
: ) ' Cleav
MrmaykAavtéc, NemdA kat Mmoutdv) A [Cea

age |
21
g
£

\_)(1000 Cells)
A\

A g
Free /‘/f g 3 x
Swimming | 3
‘ 4 Shield
m Hours after
‘ Fe:ilization (1og(t)ag:||s)
6

Plom{nt Cell “/\;
i

Fentilizat ) |
Hatchlr!g , ( ’ ’ Gastrulaﬂ/on

; and Epiboly
O Ve 12
Organogenesis 1~f<

N4

iy’




MAeovektnuata Zebrafish

To €uPBpuo avanmtUooeTaL TAXEWC EEW ATTO TN UNTEPA KAl ElvalL OTTTLKA KoBapo
(6ladbavec) kal eMOPEVWC, EUKOAA TIPOCBAGCLUO VLA TIELPOATIOUO KoL
napatApnon

To eviAiko zebrafish wplualel oe€ovaAikad TOAU yprAyopa, £Xovtag Xpovo
avarapaywyng nepirov 10 eBdopadec

EXEL KOAO TTOCOOTO YOVLUOTNTAC (KATW oo BEATLOTEC CUVONKEC UMOPEL vat
napayeL repimou 200 avyad tnv eBdouada)

Mropel va avarmapdyetol kb’ 6An tn SLAPKELO TOU ETOUC

KataAapBaveL pkpo xwpo

EXEL xanAO KOOTOC CUVTPNONG



Zebrafish _Fevetikn NMAnpodopia

To yovidiwpa tou avaAuBnke mAnpwc (1998)

/ Genome Data Base
https://zfin.org/

Mepinovu 1,4 Stoskatoppupla (evyn Baoswv kot 26.000 yovidila

Howe K, Clark MD, Torroja CF, Torrance J, Berthelot C, Muffato M, et al. (April 2013). "The zebrafish reference genome
sequence and its relationship to the human genome". Nature. 496 (7446): 498-503. Bibcode:2013Natur.496..498H.


https://zfin.org/

Media aglotroinong Tou Zebrafish

= >tnv Avarmtuélakn BloAoyia (Kuplwg otnv avamtuén Tou eVTEPLKOU VEUPLKOU
OUOTAUATOC) oTNV AvayevvnTikn BloAoyia otnv ayyelOyEVEDN Kal OTN
QoappakoAoyia

Christiane Nusslein-Volhard with zebrafish at the Max-
Planck Institute.



Mus musculus




MOAUKUTTAPO HOVTEAO-ONAACTIKO:

Mus musculus

lotopia Mopdoloyia

A AY
Agouti coat Yellow Coat
Al aa An
.
Yellow coat Dead
AY | AAY AYAY
- I
45 Novembre 1921 ‘ Q

Cuénot L., (1905) Les races pures et leurs combinaisons chez les souris. Arch. Zool. Exp. Gén.
Ser. 4, vol 3, pages cxxiii-cxxxii.



Mus musculus-OikoAoyia

Duoko meptBaiiov KukAoc (wNAC

' 2n cycle
\ 5 n cycle
£ : Mitosis_ -
Fertilization ., W ]
lamys:ockphoto i .. .- . Embryo
MAgovéKTnpa thdd 2090
Xt At tx At
_t,'.f“',:""@ --L-Q.-
=  Evitunwolakr opoLotnta Twv Yovidlwv - 2.
’ Spermatogenesis Oogenesis
TOU ME To avOpwrva e o

Meiosis 2

Adult mice 2Zn .
(Mus musculus) ; Litter 2n
(Mus musculus)
.:')/ ? Y - N

=  [priyopn avarapaywyn




MAeovektipata tov Mus musculus

=  EUKoAo va peAetnOet.

= AwoBeopotnta eKkATovtadwyv HovoyovIidLaKwY HETAANAEEWV (XPr1ON TIOVTIKWY
ntoAuTeAeiag ya va artodeyBei otL ot vopol tou Mendel toxvouv kKat {wkoug
opyaviopoug).

= Muwpn dtapkela KUNoNG (okTtw Ewg evvid eBdopadec).

= APKETA ULKPO HEYEDOC Apa LTTOPOUV VO EKTPEDOVTAL O KPOUC XWPOUC.

= oxebov yla kaBe yovidlo Tou avBpwTmou UTIAPXEL EVOL OLLOAOYO OTOV TTOVTLKO
le mmopopota aAAnAovyia DNA kat Asttoupyla.

= KaAog puBuoc avamapoywync (YEvvoUv OKTW KOl TEPLOCOTEPA MLIKPA TN
dopa).

= Avarmapayovtol eUKoAa o€ oUVONKEC alypaAwaoiog.

" To apoevika Oev emitiBevtal ota LKPA TOUC.

"  Ta katolkidla movtikia ival meBnvia kot eUKOAQ OTOV XELPLOUO.

= H yeveTIKn avaAuon OTOV TIOVTIKO amoTeAel mapadelypa TG ocuvOUAOTLKAG
XpNong poplokwv (dnAadn tneg texvoloyiac tou avacuvduaocpevou DNA) kal
KAQLOLKWV QVATIOPOAYWYLKWY TEXVIKWY, UE QTTOTEAECUA TNV TAUTOTOLNON Kol
KOTOVONoN CUVOETWVY YEVETLKWY OUOTNUATWV.



Mus musculus Teveriki NMAnpogopia

= H aAAnAouxLon tou yovidiwpatoc tng oAokAnpwBnke to 2000

= Exel t€oogpa (VYN XPWHOOWHATWY - €va {gvyoc X / Y kal tpla
QUTOOWHOTO

XapakTnpiotikd Movrikia AvBpwrol

Méao Bapoc g 77000 ¢

100 (IKOQ 10 cm (ywpig oupd) 175¢cm

liEyeoc yovidlwpiaToe 3000000000 {etyn Paoewv 3000000000 {euyn paoewv

amhoetdne apiBog yovidiwy 25.000 25.000

apIBLOC YpWHOWATWY 19 autoowpikd + X ka Y 22 qutoowytkd + X kat Y

neplodog kinang 3 eB0opadee uéaog 0pog, 38 efdopddeq (8.9 wiveq)

nAiia epnBelac 5-6 eBdopadeq uégoc dpog, 624-728 edouddeg (12-14 ypdvia)
kUkhoc oioTpou 4 nuepeg LET0C Apoc, 28 nEpee

Olapkela (wne 2 ypovia IEGOC 0pog 78 ypovia



Media aglotroinong Tou Mus musculus

Movtélo yla acBevelec Tou avBpwrou_Anpioupyia SLayovidLokwy TOVTIKWY

= Oupoioya
loopopdLka

» [TpoPAemTIKA

General strategy for gene targeting in mice

[ Swyp 1Gone targeting in ES cells I

&

1. EScell culture | Bascyt
Embryors: stem (E5) cole

o Coltivated o mouse

,—-ww:__

Vecror —

Homatogous DNA Homalogous DNA

A 2. Construction of targeting vector
Thee wector Contains pleces of DNA Bt we homologous
10 B Laget Qe an well s inaried DNA which changes

pre-tmphntaton embryos ) i = e target gene and aloms for Postive-negetive selection
Qdastocywe) ESous N o /
3. ES cell transfection
& The caluir machinecy for homalogous Roombreson
230wy Phe tar guting vector erabies P tanet vector 1o
1989 / 1 wnd recormbere wit e Large! gene.
s T A ¢ s
v : Qe cot Topstgme . 1 .
The Nobel Assembly at Karolinska Institutet W B e ——— ———
has awarded the Nobel Prize in l?hysnology or i aigsdis i ol e
Medicine for 2007 jointly to Mario R. e -
Capecchi, Martin J. Evans and Oliver S Kmmﬁm °
Smithies for their discoveries of principles for of um;’sg"«“ N = =
introducing specific gene modifications in mice \ Sebctoater prosencoclned gl B .
by the use of embryonic stem cells. - perraspudetin iR Pure prguasion of €5 cats ic R -
Cumjng twpeind gene Targeted gene

;I;‘ Step 2From gene targeted ES cells to gene targeted mice ]

I Ity

é 5. Injection of ES cells into blastocysts

N @ — 4l o P e ol s e 2 s mar R
Mario R. Sir Martin Oliver QL A 7 e
Capecchi J. Evans Smithies PN\ — ,{@ ( > -
Born 1937 Born 1941 Born 1925 - -
University Cardiff University of
of Utah, University, North ]
(s:‘?tlt LJ;: MK g:;ol:;aH;f Almost any type of change can be :" :‘:r‘:n:':?.dn° e
2 USAp Z introduced into mouse genes by The mcmac mice mate with noenel mice CC} @ d} @

This has led to the creation of an immensely
powerful technology referred to as gene
targeting in mice, It is now widely used to
understand the functions of genes in health
and disease

gene targeting, A common change
is to inactivate a gene, thereby
creating a knockout "mouse”.

B produce Bo gene tawgeted and
noanal Ry

Mossc mosse :ﬁ i"“"?

LT LT LT

Gane targeied mice - Called "Wnockut mice”
whar e Langeted pare o Facheated

Normadl mce

© The Nobel Commites e Phymology o Medione  Bustatior: Anaa RoM



YriapxeL mANOwpa opyavIoUWY TTOU XpnoLpomnolouvtal

otnVv BloAoyia w¢ povtela

Xenopus laevis Arabidopsis thaliana

TL oX€on UmopeL va €xeL o Batpaxog
LLE TO TECT EYKLUOOUVNC;

Xenopu.? P regnancy Test, Edward R. Elkan Link, Bruce M., Busse, James S., Stankovic, Bratislav (2014)
M.D., British Medical Journal 1938;2:1253, Seed-to-Seed-to-Seed Growth and Development of
17 December 1938 Arabidopsis in Microgravity. Astrobiology Vol. 14: Issue. 10:

Pages. 866-875 doi:10.1089/ast.2014.1184



Opyaviopog yovréAo: Homo Sapiens

Published in final edited form as:
Nature. 2017 April 12: 544(7649): 235-239. do1:10.1038/nature22034.

Human knockouts and phenotypic analysis in a cohort with a
high rate of consanguinity
Danish Saleheen!.2".t, Pradeep Natarajan®#1, Irina M. Armean5, Wei Zhao', Asif

Rasheed?, Sumeet Khetarpal®, Hong-Hee Won’, Konrad J. Karczewski%-®, Anne H.
O’Donnell-Luria%58, Kaitlin E. Samocha%., Benjamin Weisburd*-5, Namrata Gupta?,

Mozzam Zaidi2, Maria Samuel2, Atif Imran2, Shahid Abbas®, Faisal Majeed?, Madiha Ishaq2,

Saba Akhtar2, Kevin Trindade®, Megan Mucksavage®, Nadeem Qamar!?, Khan Shah
Zaman'0, Zia Yaqoob?, Tahir Saghir10, Syed Nadeem Hasan Rizvi'0, Anis Memon'0,
Nadeem Hayyat Mallick!!, Mohammad Ishaq'2, Syed Zahed Rasheed'2, Fazal-ur-Rehman
Memon'3, Khalid Mahmood'4, Naveeduddin Ahmed'?, Ron Do'%.17, Ronald M. Krauss8,
Daniel G. MacArthur5, Stacey Gabriel4, Eric S. Lander, Mark J. Daly5, Philippe
Frossard? 1, John Danesh'9.20.T Daniel J. Rader®21.T and Sekar Kathiresan34."1

en years ago, Nobel laureate Sydney
Brenner remarked, “We don’t have to
search for a model organism anymore.
Because we are the model organisms”
(I). Indeed, over the past decade, we
have deepened our understanding not
only of how the genomic blueprint for hu-
man biology manifests physical and chemical
characteristics (phenotype), but also of how
traits can change in response to the environ-
ment. A better grasp of the dynamic relation-
ship between genes and the environment
may truly sharpen our ability to determine
disease risk and response to therapy. A col-

“Deep phenotyping...
comes close to...a ‘human
gene knockout’ study.”

ESSAY

The future of humans
as model organisms

A “human phenomic science” approach could
accelerate personalized medicine

10 AUGUST 2018 « VOL 361 ISSUE 6402

sciencemag.org SCIENCE



[
Cheaper than chips
Cost per human genome, $ Log scale
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Source: National Human Genome Research Institute

The Economist

Technology Quarterly

Mar 12th 2020 edition »

The human genome project
Genomics took a long time to fulfil its
promise

Getting really cheap helped




H 10éa Tou WnopiakoU «AIdUpOU»
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