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ITOIO MOPIO META®EPEI TH I'ENETIKH ITAHPO®OPIA;

O mowreiveg 1] to DNA;

To meigapa Ttov Griffith (1928)

Frederick Griffith

BaxtnoioAoyog I'iatog mov
ngoonafel va rTiadel gufoAto
EVAVTLOV TIG TTVEVUOVIAG
XQMNOLHOTIOLWVTAG DLAPORETIKA
BaxTtnolaka oteAexm Tov PakTrneiov
Diplococcus pneumoniae
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ITOIO MOPIO META®EPEI TH I'ENETIKH ITAHPO®OPIA;

O mowreiveg 1) to DNA;

*  Egxwellovv HoQ@OoAOYIKA
otav K(X)U\lﬁQYT] Oovv o¢ c) Colonies of b) Colonies of

R (rough) strain. S (smooth) strain.

0emTIKO VALKO AOYW
TAQOVOLAGT) UM EVOG
TQEOCTATEVTIKOU KAAVUUATOG

+  Xtédexog pe KAAVpUA :
Lxnuatite AEIEX AITOIKIEX
katntav IIAGOTONO
(OKOTWVE T TOVTIKLA TLOV
HOALVE)

¢ LTéAdeX0G XWOLS KAAvpuA :
Lxnuatice AAPEX AITOIKIEX
kattav MH ITAGOTONO




ITOIO MOPIO META®EPEI TH I'ENETIKH ITAHPO®OPIA;

O mowreiveg 1] to DNA;

c) Colonies of b) Colonies of
R (rough) strain. S (smooth) strain.

Rough colony

Smooth colony

€307 Paw Bt re 4

To meigapa tov Griffith (1928)

* ZgxwelCovv pogoloyika otav kaAAegyn0ovv oe OgemTiko VALKO
AOYw MAQOVCLiAG 1] Ur EVOG MEOCTATEVTIKOU KAAVUUATOG

« Lrédexos pe kalvppa : ZxnuatiCe AEIEX ATIOIKIEL kat rjtav
ITAOGOTONO (oxo0Twve T MOVTiKLIA MOV HOAVVE)

« Lrédexos xweic kalvppua : Exnuatice AAPEX ATTOIKIEX kot f)tav MH
ITAOOTONO
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To metgapa tov Griffith (1928)
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Type IIR:
living,
nonvirulent
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To meigapa tov Griffith (1928)
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Type 1IIS: Type IIIS:
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nonvirulent ’
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To meigapa tov Griffith (1928)

EXPERIMENT

HYPOTHESIS: Material in dead bacterial cells can genetically transform living bacterial cells.

I{ltI'E-.hi-eniEatEHn-": Mix dead 5 sirain calls with hing.
bactena by heating. nomsdndent B strain bactera.

e

RESULTS Mouse dies Mouse healthy Mouse healthy Mouse dies
Living & strain cells Mo bactenal cells Mo bactenal cells Living S strain cells
fourd in heart found in heart founid in heart foaund in heeart

CONCLUSION: A chemical substance from one cell is capable of genetically transforming another cell.
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ITPOX THN ANAZHTHXIH TOY EIAIKOY ITAPAI'ONTA
IIOY METALXHMATIZEI TA AAPA MH ITAGOI'ONA
BAKTHPIA ZE AEIA ITAGOI'ONA

To neipapa Tov Avery, McLeod
and McCarty (1944)

Oswald Avery

Colin MacLeod

Maclyn McCarty
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ITPOZ THN ANAZHTHZH TOY EIAIKOY ITAPAI'ONTA
IIOY METAXLXHMATIZEI TA AAPA MH ITAGOTI'ONA
BAKTHPIA XE AEIA [TAGOI'ONA

To meigapa twv Avery, McLeod and McCarty (1944)

R strain
4 000 \ fic . DNA is the
u DNAse S oo S :».;; —_— N’é Alive! =) tnmfotmlne
°0® principle!!
RNAse @+ °%Je "
u giwase o ] S }h# > Vdﬁ Dead
L]
>u Lipase S +0:Oo S :@ _9\/6 Dead

>u Protease +.:'.o

A\ 4

<
Mixture of > b ——> % Dead

[}
S Strain S Other bl
bacteria /u > =" ‘_>VP% Dead
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ITPOZ THN ANAZHTHZXIH TOY EIAIKOY ITAPAT'ONTA I10Y
METALXHMATIZEI TA AAPA MH ITAOGOT'ONA BAKTHPIA XZE AEIA

ITAGOI'ONA
To neipapa Tov Avery, McLeod and McCarty (1944)

Hypothesis: The genetic material of the cell is either protein or nucleic acid (DNA or RNA)

Remove lipids and sugars from
Heat-kilied l a soluton of heatkiled S o=ls

Scels

ED - .' ; Proteins. RNA and DNA remain
— U
Add Mg Asd
— profeinase .+ L RNase +. | DNase Treat sokitions with
/ enzymes % destroy
. protein, RNA or DNA
./ NO PROTEIN ./ INA
| 0
‘ | AddRcels ,,i | Add R cells ] [ Add R cels Add to culture containing bving R cedls.
'~ g o . ’,‘(”‘ * X * Observe for wansiormasion by testing
[ /- / for the presence of vinulent S cells
n'\.: (e o] ~___'I S cals l:_:'_ a ?___.1 Scels 9 - No S cals ;
appear S appear appear

Conclusion: Transformation requires DNA, therefore it is the genetic material of the cell
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ITPOZ THN ANAZHTHZH TOY EIAIKOY ITIAPAT'ONTA I10Y
METAZLXHMATIZEI TA AAPA MH ITAOGOTI'ONA BAKTHPIA ZE AEIA

ITAGOI'ONA
To neipapa Tov Avery, McLeod and McCarty (1944)

Centrifuge i Kill with heat ﬂ Homogenize cells
Recover S-filtrate

S-cells spun to
S-cells in llquid medium bottom of tube

Treatjwith Treatl with :
deoxyribonuclease ribonudease Treat withiprotease

ransformatnon Transformation Transformation Transformation
wnth live R cells with live R cells with live R cells with live R cells

No transformation occurs  Transformation occurs Transformation occurs Transformation occurs
Only R cells R cells + S cells R cells + S cells R cells + S cells
Active factor is DNA Active factor is not RNA  Active factor is not protein ~ Control: S contains active factor
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ITEIPAMA Hershey & Chase (1952)
Baxtnolo@ayog T2

Capsid (protein sheath)
Head

Neck

Whiskers

Tail

Tail fiber
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ITEIPAMA Hershey & Chase (1952)
BaxtnoiopayogT2

© Attachment of phage
to E. coli and injection of
phage chromosome

© Release of progeny
hages by lysis of © Breakdown of bacterial
chromosome by

actenal wall
‘.P / phage-specnﬂc enzyme
. - pha e Bacterial (host) g N,.T,,\
' ? 1? chromosome \ chromosome | AR
(53 L ’
< ~ Host E. coli cell o b
Phage
chromosome
( Bacterial chromosome
\ I totally broken down
LD ) Q 4 Phage
& o N / chromosomes
Phage heads Phage sheath, \
being assembled baseg plate, and 4 "','\"-‘:.f L—
© Assembly of N\ tail fibers fwvv SV
pro?eny phage % —
particles | A% -

/ w"LSsJ"/

(3] R:pllcatxon of phage
chromosome usin

° foxgiﬁﬁﬂge“ :;:gheagaggtﬁ; bacterial matenalsg
components and phage enzymes
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ITEIPAMA Hershey & Chase (1952)
Protein coat 7%— Phage DNA
7*— Tail fibers
‘ Phage genetic material (?)
is injected into bacterium

Phage reproductive
cycle begins

Atgachment b phage tail The central question
fibers to bacteria wall I WKt Bniteis thie

bacterial cell and
directs phage
reproduction?

New phages released Components accumulate; assembly of
mature phages and cell lysis occurs
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1 AAALWG ... TO MEIQAA TOVU UTIAEVTEQ

INDEPENDENT FUNCTIONS OF VIRAL PROTEIN AND NUCLEIC A]fl‘(}d. He
ACID IN GROWTH OF BACTERIOPHAGE® 7 Wb

By A. D. HERSHEY axp MARTHA CHASE

(From the Depariment of Genelics, Carmegie Imstitsution of Waskinglon, Cold Spring
Harkor, Long Islond)

{Received for publication, Apail 9, 1952)

The work of Docrmann (1948), Doermann and Dissosway (1949), and
Anderson and Doermann (1952) has shown that bacteriophages T2, T3, and
T4 multiply in the bacterial cell in a non-infective form. The same is true of
the phage carried by certain lysogenic bacteria (Lwoff and Gutmanm, 1950).
Little else is known about the vegetative phase of these viruses, The experi-
ments reported in this paper show that one of the first steps in the growth of
T2 is the release from its protein coat of the nucleic acid of the virus particle,
after which the buik of the sulfur-containing protein has no further function

Courtesy of Cold Spring Harbor Laboratory Archives and Svenskt Press Photo,

Courtesy of Cold Spring Harbor Laboratory Archives. Stockholm, Sweden. Noncommercial, educational use only.
Noncommercial, educational use only. s



ITEIPAMA Hershey & Chase (1952)
1 AAALWG ... TO TMEIQAMX TOV UTIAEVTEQ

Phage o Mix radioactively © Agitate in a blender to @ Centrifuge the © Measure the
. L. labeled phages with separate phages .Nnmoobocmio i in the
outside the bactersa form a pellet at the peliet and the hguid.
infect the bacterial cefls. from the cells and bottom of the test

their contents,

(b) The experiment showed that T2 proteins remain outside the host cell during infection, while T2 DNA enters the cell.
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ITEIPAMA Hershey & Chase (1952)

—1 BlOENIETHMONON

Bacteriophage phosphorus labeled

sulfr labeled DINA core

protem capsule

Ly

p.
1. Infection

R

|
I
|
I
|
I
|
| 2-Blending
|
|
I
|
|
I
|
I

3.Centrifugation

Phosphorus detected in cells

+
Mo phosphorus

detected m supernatant

Mo sulbur detected i cells

+
ﬂ& Sulfiar detected in

supernatant

The Hershey-Chase Experiment



age "ghos Inficted bacteria are beled with 2P " ' N ek it e udabelil
B te——" o

Viable *?P_labeled phages: are produced Viable unlabeled phages produced
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H METAAYTEPH ANAKAAYWH TOY EIKOXLTOY AIQNA

LRI

AT HiIL

Cambridge, 1953. Shortly before discovering the structure of DNA,
Watson and Crick, depressed by their lack of progress, visit the local pub.



o T 1n Empogpwtikr) Zvvavinon'a ExknadevtikovgILEB
=4 BIOENIZTHMONON

H METAAYTEPH ANAKAAYWH TOY EIKOXLTOY AIQNA

TO MONTEAO THX AITTAHX EAIKAX TOY DNA (1953):
H avaAvon tov moocootov twv al. facewv oe pograx DNA amno diagoetikovg
0QYAVLOHOUG €detxve OtL o€ kAaOe pogro DNA:
* O aglOuog TV vovkAeoTdlwv ov £Xouv we al. faon A eival ioog
e Tov aglOpo avtwv mov Exovv we al. faon T & o alOpog twv
VOUKA£0TOIWV MOV £X0VV W al. Baon G eival toog pe Tov agLtOuo
avTWV Mov €Xovv we al. faon C (A=T & C=G)
e O Ao6Yos [(A+T)/(G+C)] drapéger amo eidog o€ 100G KL OXeTICETAL UE
TO £100G TOV 0QYAVIOUOU
* AmotedéopaTta amo TNV anetkovior Tov pogiov tov DNA pe xorjon
akTivwv-X

Tov Watson & Crick tov Wilkins & tng Franklin
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H METAAYTEPH ANAKAAYWH TOY EIKOXLTOY AIQNA

TO MONTEAO THX AITTAHX EAIKAX TOY DNA (1953):
H avaAvon tov moocootov twv al. facewv oe pograx DNA amno diagoetikovg
0QYAVLOHOUG €detxve OtL o€ kAaOe pogro DNA:
* O aglOuog TV vovkAeoTdlwv ov £Xouv we al. faon A eival ioog
e Tov aglOpo avtwv mov Exovv we al. faon T & o alOpog twv
VOUKA£0TOIWV MOV £X0VV W al. Baon G eival toog pe Tov agLtOuo
avTWV Mov €Xovv we al. faon C (A=T & C=G)
e O Ao6Yos [(A+T)/(G+C)] drapéger amo eidog o€ 100G KL OXeTICETAL UE
TO £100G TOV 0QYAVIOUOU
* AmotedéopaTta amo TNV anetkovior Tov pogiov tov DNA pe xorjon
akTivwv-X

Tov Watson & Crick tov Wilkins & tng Franklin
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D FEFFEEE,
FRFFFES,

o PRI,
EEr Y]

0 I:I LF A rE N
s
FELLTET, D

0 D PSS
e e
Lt

3 a
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~{ eioenizTHmONGN
AOMH TOY DNA
Me Baon tov kavova Tng
OUUTANQWUATIKOTNTAG! ., double stranded DNA

v % _OH
» O alwtovxes PATELG TNG S -o”P\o Hydrogen bond 3"
s OH

uag alvoidag ovvdéovtal Hed o 1 S
ue OeoHOUG VOEOYOVOUL UE TLG . 4 @ Sl

alwrtovxes paoelg tng phosphodiester Y, %073 -
ATEVAVTL a)\vaif)ag (Hyvdr;phlllc] 0" \o\ purme NUCIeﬁotlde K \p’o-

» H AAENINH ovvdéetal pe
Ov0 deopovs VOQOYOVOUL
pnovo pe tn OYMINH ko
avVTioTEOPQ

antiparallel 2

» H KYTOZXINH cvvdcetar pe
TS deTUOUG VOQOYOVOU
pnovo pe t FOYANINH kot
avTioTEOPQ

0.3 nanometers

3 .OHdeoxyribose % o 5!

® O1 deopoi vdgoyoVoL
otaBeggomolovv Tnv : 2 nanometers X
devtegotayr dour Tov
Hogiov
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Bl oo AOMH TOY ]_)N A

U \7»
| - | A \ »\/ﬂ /)
O10V0 aAvoideg evog pogiov DNA etvat \ I/

CUUTIAT|QWHATIKEG

» H aAAnAovxia tne pag aAlvoidag
xaBogilettnv aAAnAovxia tng
aAAng

» H cvpnAnowpatikotnta £xet
TEQAOTLA OTUAC LA YL TOV
avtodimAaociaocuo tovo DNA

+ Mux 1010t mov to kabLoTA
TO KATAAANAOTEQO HOQLO VLA TT)
olatrignom kat petaPifpaon g o
YEVETIKT)G MAT|QOPOQLAG '

» KaOe alvoida DNA pmnoget va °
XOTMNOHEVEL WG KAAOUTIL YLK TN '

oUvOeoT) PG CUUTIAT|QWHATIKNG

aAvoidag

+ TeAtka oxnuatiCovral dvo \Hydrogenbonds
OikAwva pogia DNA

TVOUOLOTUTIA LIE TO U1 TOLKO
HogLo

hetween
complementary
bhases
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AOMH TOY DNA
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O1 dV0 aAvoidegevog

/7 4 5?
nootov DNA etva @ 0 °

avTImagQaAAnAeg

L

»To 3" axgo tng¢ 0 = :::_
Hag etvat
ATEVAVTLATIO TO
5" AKQO NG 0
AAANG

L
FELFEESE,
A

fg
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AOMH TOY DNA

ENQZH
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Base pairs (o

Adenine Thymine

Guanine  Cylosine

Sugar phosphate
backbone
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Histones

(////) \ DNA double helix (p;';mg)
s

Vén f—‘ 339
s

,4}
Chromatin
fiber Chromatin
| | : Nucleosome
4 ‘ ;‘ L ; './,/: Linker
’!\/’/’,’ DhA

./ u(»’t/(l i:,(’ Chromatid Chromatid
gz
/A"
"('C ’/1' ‘
L

f

Centromere

Loop

Chromosome

Figure 03.25 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.
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Murleosomes
MNucleosormnes

300 nm 700 nm 1500 nm
» 4 » —
-
Extended Condensed Prophase
chromatin chromatin chrotmosorme
(<) (L) (E)

Chromatin and Condensed Chromosome Structure

Condensed
Chromosome
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Linker Histone

2 H3 H1
{ o
e
0
T
CI’_J -
(@)
O —
()]
£
©
o
Linker DNA Vv
Histone

Nucleosome core
particle (NCP)

Nucleosome Chromatosome
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Octameric histone core

> DNA

H1 histone

30 nm

10 nm

N,
| &
/ . /DNA Histone *
’ e octamer
H1 histone
Nucleosome
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— chromatin loo
scaffold P P
protein g i
__S 4
— "  (,, "5% “‘“
N ,}
~ ,ﬁNA nucleosome
"N U\hlstone : ,
‘A rosettes of r r [ I\y/
" 2 chromatin loops o A/ RS .
chromosome DNA double helix

i —
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, Histones
. (proteins)
) DNA double helix 200 700 nm 1500 mm
W @ s
A

%"///// ,—_.' LJ%)D

&/

»* ,“.
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Chromatin
fiber Chromatin
]

D
o /‘ = Link Muel C odled Extended Condensed Frophase
‘{(/‘//’/’}' : Dlpl: r HERoRoHES Nutlgc:l:us?:)mes chroma?in chromatin chr-::-n%osonm
AP _g—
” = ey (E) (<) () (E]
y‘..{,;,’;/{l,aﬁ Chromatid Chromatid

1 1
T ] R

Chromatin and Condensed Chromosome Structure

Nuclear

Centromere

Loop

Chromosome

Figure 03.25 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

Condensed
Chromosome
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H yovidiaxr) ék@poaomn etvat agonkTa ouvdedepevn
ue to BaOuo CVUTUKVWOTIG TOV YEVETIKOV VAIKOV

Active genes Less active genes Interphase Metaphase
e, L=, Q:l:t‘m
Q‘l-.s—"‘v (¥ B2yt S
@ N o 4 ‘-"-LI:I:)
Na A |3 ' R
- 8. =) e sy
”‘3 \)._j ‘ '3‘- = H
}\.\ ] [‘\\) [ :-Qv]
LAY 4 p ¥ ey
» (i | L 7= »| S
' ,-:lJ : .{5} 2 ~ ”&T‘l‘:t&
3 "}-—{ tﬁf}('“’ i & :l-%‘:
p )_:_/' ! 4oy \J;—:?: b 74 o™ 3
0 . L A
- >4
Nucleosome Chomatosomes Solenoid 30 nm fibre

Dude, mitosis starts in five minutes...
| can't believe you're not condensed yet.
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EUCHROMATIN HETEROCHROMATIN

ACETYLATION: METHYLATION:
Regions with high transcriptional Regions with low or no transcriptional
activity are loosely packed activity are densely packed
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H axetvdiwon twv iotovwv: guOULoTIKOG TagAayovTag
Y TNV anelev@épwon tov DNA amno to vovkAeoowua

Modifying gene activity

NULHOSOme Inaccessible,
Histones inactive gene
DNA

e PN G

2 Acetyl group

Histone tail
Histone acetylation

Other i
other modifications
modu‘ucatons

o
- » 7 -

avomatn| M GOGE T, S | DD D

Accessible, Transcriptional
active gene machinery
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H axetvAiwon Twv Iotovav kat n peduviAiwon tov DNA:
QUOLOTIKOL TTAQAYOVTEG YIA TNV EKPEATT] TWV YOVIOLWV

Gene Histone tail

Methylation of DNA and
histones causes nucleosomes
to pack tightly together.
Transcription factors cannot
bind the DNA, and genes are
not expressed.

Histone acetylation results

in loose packing of nucleo-
somes. Transcription factors
can bind the DNA and genes
are expressed.

Acetyl group

DNA accessible, gene active
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H axetvAiwon Twv 1otovwv: gUOULOTIKOS TAQAYOVTAG
Yia v anedevfégwaomn tov DNA ano to vovkAedowua

-~ DNA Accessible, Gene Active " DNA Inaccessible, Gene Inactive

Histone Tail
Histone “« 7

Histone Tail

o

Acetyl Group

Gene Methyl Group
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Gene off: Some epigenetic marks inhibit genes by inducing tight folding of
chromatin (DNA complexed with histones and other proteins) and thus keep-
ing genes from being read; methyl groups sometimes play that role.

Inactive gene
[ 7 SN

g?'(e)thg I/ u & @ Q \. Ch_rolmatln

Gene on: Other marks, such as acetyl groups, tend to spur gene activity by
helping to unfurl the chromatin.
* Protein

Acetyl group \‘_ <
-

Active gene
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AEITOYPI'TEX TOY I'ENETIKOY YAIKOY

AmoOnkevomn TG YEVETIKNG MAT|Q0QOQILAG:
e Xto DNA 1] 0to RNA twv RNA wwv megLexovtat oL mMAT|Q0@ogieg
mov kKaBoEiovv OAa Ta XAQAKTNQLOTIKA EVOG 0QYAVIOUOU

* O1 TANQOPOPLEG AVTEG 0QYAVWVOVTAL OE AEITOVQYLIKEG LOVADES
TQ YOViOLx

Alatnonomn kat petaBifacr TneG YEVETIKNG MAT|Q0POQLAG:
* A0 KUTTAQO 0€ KUTTAQO KAL ATIO OQYAVIOUO O& 0QYAVIOUO
e EEao@aliCetal pe tov avtodimAaociacpuo tov DNA
‘Ex@oaom tng yeveTikng mMATQ0@o0Lac:

e Emtvyxavetal pe tov EéAeyxo TG ouvOeoT g TwV MEWTEIVWV
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ITPOKAPYQTIKOI - EYKAPYQTIKOI OPTANIXMOI

prokaryotic cells eukaryotic cells

nucleus

plant cell

animal cell
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DN A OTX H LT OX(/)VE)Q LX 1. ‘Exovuv 2-10 kukAlka

OtkAwva pogia DNA mov

KWOLKOTOLOUV éva KQO

HEQOG TWV MOQWTEIVWV
REoSIan R OV XQELALOVTAL Yl TNV

Quter

Mitochondrial DNA

Human Cell

Nucleus Membrane AE[TOUQ‘Yia TOUG 6“Aa6f]
TNV 0£EOWTLKT)
Membrane (PwG(POQUA.i.an

2. OiLmeQLoo0OTEQES
TQWTEIVEG TOV elval
ATLAQALTNTES YLK TT)
Aeltovgyla Tovg
KwOLKOTOLOUVTAL ATO
vovidia tov DNA tov

Cytoplasm

/7
TVET| VKX
Mitochondrial DNA (mtDNA) is not contained in the nucleus but is located in the cytoplasm of the cell, P p P
and mtDNA is passed on only along the maternal line without any mixing. All of the mtDNA in the 3, TO ‘Yg‘yovog axvTo 65[7(\/5[
cells o? : personr;s bodylat:'e corfues of his or hen;1 mother's r}mtDN:, and ahll of hth% mother's mtDNAI isa , , ,
copy of her mother's, Although a son receives his mtDNA from his mother, he does not pass it along
to his offspring as they receive only their mother's mtDNA. OTL T OQY(XV[@ & avta

Oev pmogovv va
AglTovQYNOOLV
AVEEAQTNTA ATIO TOV
MTUENVAX KAL YLX TO AOYO
avToO XapakTreilovral
NULAVTOVOUX
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DNA ota puitoxovoolx

To CuywTo Twv
AVOTEQWV 0QYAVLO LWV

TMEQLEXEL LOVO T A" itochondriai ona
plTO?(éVf)QlOL mov A S
TMEOEQXOVTAL ATO TO

WAQLO

Enopevws ta
HULITOXOVOQLAKKX YOVidLx
ElvalL UNTEIKNG
TIQOEAEVOT)G
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DNA otouvg XAwQoTA&OoTES
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Structure of bacteriophage

Capsidhead ———— ‘
Nucleic acid (DNA) ———— ‘
Collar
Sheath————=—2
Baseplate

Reverse
Transcriptase
Enzyme
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Identical

) RNA
: Strands

Figure 1
Viral
Envelope

Influenza
Virus

Anatomy

< —Neuraminidase
(Sialidase)
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MITQXLH LTOYX ANQTEPOYX OPTANIXMOYXL

L
G =

0, OF INTERPHASE PROPHASE PROMETAPHASE
Centrosomes Aster E;{i% lmitotic F:agmfnts Kinetochore
(with centriole pairs) Chromatin  Spindle Of nuciear Nonkinetochore
./ (duplicated) Cattiones amape: _ microtubules

A\
W
) *

Nucleolus Nuclear Plasma Chromosome, consisting Spindie Kinetochore
envelope membrane of two sister chromatids pole microtubule

METAPHASE ANAPHASE TELOPHASE AND CYTOKINESIS

Metaphase Cleavage Nucleolus
f ¥ furrow . forming

Spindle
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ITAPATHPHYXH TON XPOMOXLOMATON TOY ANOPQIIOY
- AHMIOYPI'TA KAPYOTYITIOY

H peAétn twv XowHoowpATWVY
glvar dvvartr) povo oe
KUTTAQA TAQ OToLX
otargovvtat

Amopovwvovial kKoTTaga
Ao LOTOUG IOV
dlatgovvTal PuCLoAoYLKA

Amo kuttagokaAAégyeteg
ue in vitro emaywyn tng
OLalpeon g Ue XONOT
OVO LWV MOV £XOVV
HLToYovo dgaon

Ta xowpoowuata
UEAETWVTAL OTO OTAdLO
t™m¢ META®ALHX mov
EUPAaviCOUV TO HEYLOTO
BaOpo ocvoneigwong
KAl elval evdakoLta
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ITAPATHPHXYXH TON XPOMOXOMATON TOY ANOPQITIOY

— AHMIOYPITA KAPYOTYIIOY

Le éva mMANOUO O dLAQOVUEVWY KUTTAQWYV TO
TOO00TO AVTWV OV PELOKOVTAL OTH)
HETAPAOT] ELVAL PLKQO

Xonom ovoLwv mMov CTAPUATOVV TNV
OLAlQECT) 0TI (PACT] TNG UETAPACT)S

Ta kvTTtaga enwalovial 0g VTTOTOVIKO
OtaAvua (OTTAEL 1) KUTTAQLKN

Heppeavn)

Ta xowpoowpata anAwvovtal e
AVTIKELUEVOPOQO TMAAKX

XowpatiCovtal pe eldKés XQWOTIKES
ovoieg (GIEMSA)

ITagatnovvial 0To HIKQOOKOTILO
OOV T0 KA&OE XQWHOO WA EXEL TO
O1Kk0 Tov MEOTLTIO Cwvwoewv Giemsa

The different steps of the karyotyping procedure

Amniocentesis KCI
(hypo-osmotic)
Colchicine

or
Yenipuncture
(perpheral blood) .
Embryonic cells or !

PHA Lymphocytes (= Mitosis blocker)

= I'I'Iltogmr
~
[ ]

= 3 0 —_
Cell culture Centrifuge
—- —- —
{ca. 72h) {ca. 2h) ca.
20 min
Medium p¥ieg Ny
Cantrifuge 1
Fipeatte ——
transfer . 1 —
—-. —=
— —
i | Centrifuge Fixation
; J— S
L A @ W Gy
Methylalcohol/
M eyt ol
Heating alase slids Glem sadye Acetic Acid Mix (3:1)
& Drying

T .—».

Chromosome staining Microscopy

Graphi 0O, Schrmi d/2002 (250)9
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ITAPATHPHXH TON XPOMOXOQOMATON TOY ANOPQITOY
— AHMIOYPI'TA KAPYOTYTIOY

ITagatnENOMN 0TO PKQOTKOTILO

, , telomere
Meta@aoika XQwHoo wHaTa

Amotedovvtal ano 2 adeA@ég kinetochore
XQWHATLOES Ol 0OTolEG
OUYKQATOUVTAL OTO ntromer

KEVTQOUEQLOLO ceniromere

To kevroopueidio drarget kAOe

xowpatida oe dvo Boaxioveg

Ala@égovv petaél TOUG WG TEOG TO
ueye0og kat wg mog trn B€on Tov

KEVTQOUEQLOLOU (long arm)
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ITAPATHPHYH TON XPOMOXOQOMATON TOY ANOPQIIOY
— AHMIOYPITA KAPYOTYTIOY

Ltov avBowmo

Ltov mugnva kabe cwpaTikov
KUTTAQOV (PUOLOAOYLKOU
aQoevikoL 1] OnAvkov atopov

U’T[dQXOUV 23 Cg{)m Homologous Chromosomes Homologous chromosomes are different
/ A - colors, but are the same shape and size.
XQ(UHOO'(UPOLT(OV (f 3\ They carry the same genes, but possibly
Homilogue Homilngue different forms, or alleles, of those genes.
P -

To eva xowpoowpa kaOe
Cevyovug elval MATELKTG
TEOEAEVOTG KAL TO AAAO
LT TOLKNG TTQOEAEVOTG

Sister chromatids

¢ ™\

Centromere __

To ka0Oe Cevyog eAeyxeL Tig iOLeg
LOLOTNTEG POV TLEQLEXOVV T
AVTLOTOLX X YOVIOLX

Sister chromatids are identical shapes and
colors. They carry the same genes, and

Ta d¥0 xowpoowpata evog identical DNA.
Cevyovg ovopalovrtat

opoAoya
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O KAPYOTYIIOX TOY ANOPQIIOY

Ta&wvounon twv | | BEAS anan (af | 1
UETAPAT KWV | | g%a I?gg %% g%
XQWHUOO WUATWV | | | \ '\ t oo es8

.I | l | | 1

Le Cevyn ava 2
eAattovpevo péyebog

H anetkovion avtr |
ATOTEAEL TOV 1

KAPYOTYIIO E%%E % 52 _%\% 488 .lgg"gg 1

O a@Ouog katn 3 11 9 »n *
HoQ@oAoyia eivat

lélaiTEQO autosomes %@ gg
Y p

XOXQAKTNQOLOTIKO
KaOe etdovg

Ka ryo type sex chromosomes
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O KAPYOTYIIOX TOY ANOPQIIOY

Alaxgivovtal og d00 katryogieg

Ltov mugrva kabe cwpaTikov
KUTTAQOV (PUOLOAOYLKOU
aQOeVIKoU 1] OnAvkov atopov >5 < ( (
UTLAQXO0LV: )

vy RO (UD U R 0 ’ B

TWV OTOLwV T« 44

Xowpoowuata 1) 22 {evyn “ " )‘ b1 " I
glval Hog@oAoytka idta - 2 .5 16 17 18
Kat ovopagovtal .
AYTOZQMIKA ¢ W) ) (
19 20 21 22 x: By
HﬁQléXOUV YOVialO& TTOoV autosomes sex chromosomes

EAEYXOVV T eEWTEQLKA
Kal floxnuka
XOAQAKTINQLOTIKA TLOV dev

£XOVV OX£0T] UE TO QUAO
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O KAPYOTYIIOX TOY AN@PQHOY

Awaxgivovtal og dV0o katrnyoolies
DY AETIKA xowpuoowpata:

Ltov mugnva kabe cwpatikov
KUTTAQOL ONAVKOV ATOUOV
T0 23° Cevyog
XQWHOO WUATWV
amnotedeital ano dvo opolx
XQWHOO WUATA TLOV

ovpoAiCovrar pe XX

‘Eva puotoAoytko OnAvko
ATOMO £x€L 44 avToOoCWHIKA
XQWHOOWUATA KAl EVa
Cevyog @puAetikwv XX

‘Eva uotoAoytko agoeviko
ATOoMO €x€L 44 avTOoCWHIKA
XQWHOO WHATA KAL VA
Cevyos puAetikwv XY




