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TToikiAopopyia TTeplopIOTIKWY £VOOVOUKAEAOWYV

Target sequence
Enzyme Organism from which derived (cut at *)

5 -->3'
Ava | Anabaena variabilis C*CITCGAIGG
Bam HI Bacillus amyloliquefaciens G*GATCC
Bgl Il Bacillus globigii A*GATCT
Eco RI Escherichia coli RY 13 G*AATTC
Eco RII Escherichia coli R245 *CCAITGG
Hae Il Haemophilus aegyptius GG*CC
Hha | Haemophilus haemolyticus GCG*C
Hind Il Haemophilus inflenzae Rd A*AGCTT
Hpa | Haemophilus parainflenzae GTT*AAC
Kpn | Klebsiella pneumoniae GGTAC*C
Sma | Serratia marcescens CCC*GGG
Sal | Streptomyces albus G G*TCGAC
Xma | Xanthamonas malvacearum C*CCGECGG
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TToikiAopopyia TteploploTIKWY €VOOVOUKAEAOWY

Type | Enzymes

EcoKI AACNNNNNNGTGC type |A family, prototype
EcoAl GAGNNNNNNNGTCA type IB family, prototype
EcoR124| GAANNNNNNRTCG type IC family, prototype
StySBLI CGANNNNNNTACC type ID family, prototype

Type Il Enzymes

SauBAl GATC 4 nucleotide palindrome
EcoRl GAATTC 6 nucleotide palindrome
Nof GCGGCCGC 8 nucleotide palindrome
Sapl GCTCTTC 7 nucleotide non-palindrome
Bcgl CGANNNNNNTGC interrupted non-palindrome
Type lll Enzymes
EcoP1 AGACC......... GGTCT inverted 5 nucleotide pair
EcoP15l CAGCAG........ CTGCTG inverted 6 nucleotide pair
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| | } |
GGATCC AGATCT @ CTCGTG NNCAGTGNN

CCTAC%G TCTA(%A GAGCATG I}INGTCACNN

BamHI Bglll BssSI TspRI
(57 Overhang) (57 Overhang) (57 Overhang) (3” Overhang)
Enzymes Generating Enzymes Recognizing
Compatible Cohesive Ends Non palindromic Sequences
} } | }
GATC GGCC CCCGGG CCCGGG
C’IT‘AG C“C‘TGG GGC%CCC GGGCCTC
Dpnl Haelll Smal Xmal
(Requires methylation)  (Inhibited by methylation) (Blunt Ends) 5’ Overhang)
Methylation-sensitive Enzymes Isoschizomers
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Characteristics of Meganucleases (MN)

* Found in archaea, bacteria, phages,
fungi, yeast, algae and some plants.

« Expressed in the nucleus,
mitochondria or chloroplasts.

« Several hundred of them have
been identified.

Coding Strand .
112-11-10 -9 -8 -7 6 -5 -4 -3 2 -1 +1 +z +3 +4 45 +6 +7 +8 49410411412 ° MeganUCIQGSQS are characterized

5/_mC GTCGTACGACETTTTGA- 3’ by a large recognition site (double-
3'—AGTTTl IAAA

CAGCATGCTG CT-5 stranded DNA sequences of 12 to

+12+11 41049 +8 +7 +6 +5 +4 3 424 1 -2 3 45 678 -9-10-11-12 40 bGSC PGII"S).
Non-Coding Strand

The site generally occurs only once in any given genome. For example, the 18-base pair
sequence recognized by the I-Scel meganuclease would on average require a genome
twelve times the size of the human genome to be found once by chance.

> 418 = 69X10° (human genome is about 6X107), 415 = 10° (6 times in human genome)
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Popeic kAwvomoinang (Cloning vectors)

What is a Gene

Cloning Vector? P DNA Insert

~300

Cosmid

Phage Vectors Insert siZé
plasmid kb

7% HELLENIC REPUBLIC
National and Kapodistrian

Wi, University of Athens
EST. 1837

ERNT S
.I"NI

J A
+ e e Y

gy s Nl T Y T o S LT,
Kosmas Haralampidis - kharalamp@biol.uoa.gr



e
Movidia deikTeg emAoyng (marker genes or selection markers)

BakTtnpia-EeviaTéc déxovTal ag HIKpO ToooaTod TTAdopidia, Hepikd
amoé Ta oToid gival avaouvduaopévd...

S AVOEeKTIKOTNTA 0€ avTIPIOTIKO

& 5'Primer Site 3 O‘n’gpé\/lo AaKTéan

| Restriction Site

Selectable
Marker

menedcene w0 QTTEPOVIO TPUTITOPAVNG

W 3 Primer Site

Atibioti S TlepiPaAAovTIKAC KATATTOVNONG

Resistance
Gene

Plasmid Map

S AufoTtpowia apivoléwv (Yeast)

Origin of Replication
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Movidia deikTeg emAoyng (marker genes or selection markers)

To 99,9% Twv PakTnpiwv civar Un HETaoxnuaTiopéva Kai amd ta
peTaoxnuatiopéva 1o 99,9% civar un avacuvduacopéva.

=> AvaykaoTikn xpnon 2 yovidiwv deIkTWwy |

S AVOeKTIKOTNTA 0 AVTIPIOTIKO

% s = OTEPOVIO AAKTOCNG

Plasmid Map Inserted Gene 3 OT[EpéV'O TpUT[TO‘.panC

B 3’ Primer Site

Atibioti S TlepiPaAAovTIKAC KATATIOVNONG

Resistance
Gene

S AufoTtpowia apivoéwv (Yeast)

Origin of Replication
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MttAe/Aomtpec amoikieg A KOkKIveS (RFP) A tpdaiveg amoikicg (GFP)
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EmAoyh pumAe-domtpwy amoikiwy pe umtdéoTpwpa X-Gal

LacZ

2a.Gene of interest

‘iga(es with itself

®

Electroporated into cells

pUC57-Kan

Electroporated into cells

o C® @

2b.Cells die:
no antiblotic resistance

ATtopwopopuAiwaon
Tou TAaopidiov yia
Heiwon doTpwy
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EmAoyn pmAe-dompwy amoikiwy pe utéotpwpa X-Gal

aa11-41
deleted
P Laci PO y LacZ
Lac w DNA
+ IPTG
) A ©3
Plasmid Vector] + PTG —> i — ' + X-Gal —> B'“eg'm“es
lacZ a LacZ w Functional
‘ peptide peptide B-Gal o)
Restriction Enzymes
+ DNAinsert jli
Ligase
‘ NO LacZ a LacZ w B-Gal
peptide peptide Not functional

O

. Colonies with .
DNA Insert
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.
TToAAamAn Béon kAwvotoinong (Multiple Cloning Site - MCS)

Apol
EcoRI
Banll
Eco53kl
Sacl
AccB5l
Kpnl
Aval
Smal

. xmal
% BamHI

MCS @ Xbal
LacR binding site Accl

Hinell
Plac Sall
Amp pUC19
2686 bps

BspMI
Sbfl
Pstl
Sphl
Hindlll

pMB1 ori
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KareuBuvopevn kAwvoToinan (Directional cloning)

Spacer g ;
R\ o0k primer

e [ L -] |
Reverse pamer RE2
' PCR Spacer
Spacer RE1 Insert RE2  Spacer
Pk [ L I
Restriction
digestion
= RE1 Insert RE2
Digested
PCR amplicon e
+
— Vector Vecior
RE1 RE2
Digested
vector h d
' Ligation
Ligated veclor with insert
Insert+ vector [ | i e |
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KareuBuvopevn kAwvoToinan (Directional cloning)

Cloning with Cloning with two different Cloning with one sticky end
two sticky ends but compatible ends and one blunt end
Xhol Pstl Xhol A Pstl Xhol A EcoRV
Insart Insert
Xhol T Pstl Xhol * EcoRV
Vector Vector
| __Enzymel1 > Enzyme 2 ,
\Tle|cfelc]la] | | | | | |elala]T]T]C]
alclelcle|T] [ [ [ [ [ [e[r]rialA[q]
l
Sticky end overhang
B
i CIT|T
: ————
[A ] C [ G [ C IG ] Blunt end (no overhang)

Cloning with
blunt ends

Xhol A Pstl
@Blummg

Xhol A
Insert

Pstl

EcoRV T

EcoRV
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Aoupparotnta mAaopidiwv (Incompatible plasmids/ORIs)

KaOe pakTnpio mou
TpooAapuPpdver Eva povo
T Hopio avaouvéuaoyévou
plasmid at random ] DNA TI'OAAGT[AGOIGZETGI
Kal TTapdyel pid aTmolikia
TTOU aTtoTEeAEi Eva
BPakTNpIakoé KAWvo. Eivai
J ©avepo OTI PE TV
Tapamndavw diadikaaoia
TTapdyovrai X1AIAdeg
KAWvoI, TToU 0 KaBévacg

TTEPIEXEI £V
Il diviss Plasmid 2 has never replicated, . ,
Cell di S'?\ [wmmm,m,w"':;w] avaouvoudopévo Hoplo
DNA diapopeTIiké amod

TOUC UTTOAOITTOUC KAWVOUC.
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Karaokeun cDNA pPipAioBAkng pe oligo-dT & random priming

mRNA

5 = - ~
= — _/—\__/_\/AAAAAAA 'J
o~ Avaouvduaopéva
YBpidoTroinon Tou TTpwTapXIKoU EU il -4 71T\)(00:\|/6|3 Mev
TUAMATOG (EKKIVNTH) "
5' 3
—_— v\—AAt}AAAA \ E|0awar’] TTAAOHIBiWV
Z0vBeoN TNG CUPTTANPWHOTIKAG i & g o BakThpia
aAucidag pe avaoTpoPn PETAYPAPAON
5' 3
DOVPVIVPVOP
3 1 J : ‘ T T
5
N ‘ Néwn ¢ RNA aAuoidac pe RNaseH = €EVIOTAC PakTnpio

5"

20vBeon TnG deuTEPNG OAUCIdOG PE TO
Klenow fragment Tng DNA mToAupepaong | Avaouvduacuévol BakTnpio@ayol

i DD l{ [l
VOQIQIOPOPG

5.
=EVIOTRC Payoc

Méwn pe Tn voukAedon S1
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Polymerase Chain Reaction (PCR)

H odnuioupyia woAAwv avTtiypdpwv egival damapaitntn
ntpoUnoOeon 1600 yid Th HEAETN €voC yovidiou 600 Kal
yid ThV TIdpadywyn ThC TTPWTEIVNC TTOU auTO KWOIKOTIOIEI.

H karaokeun PipAioBnkwv pac diver Tn duvardéTnta va
dTTOHOVWOOUHE TO PAKTNPIAKO KAWVO TIOU TIEPIEXEI TO
emOupunto vyovidio. 2Tn ouvéxela moAAamAaocialovral Td
PAKTAPIA TOU KAWVOU Kal dnpioupyoUv moAAa avriypagpa
TOU YOVIOioU TTOU TTEPIEXEL.

H péBodoc aAuoidwTtng avrtidpaonc moAupepdonc (PCR)
HAC ETUTPETEI VA aAVTIYPAWYOUHE TTOAAEC WOPEC...
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H rexvikh Tng PCR

Evioxuon Tou emBuuntou TuRuarog o€ >1.000.000.000 avTiypaga...

- .
. %W%ﬂ“‘ﬂh«ﬂwww% . 1. Amodidraén
i ¢ T ‘ i | minut 94 °C
LR
g L |
@ dH,O WWWTWWWWWWW  2.Yppidomoinon
. .\ 3mumumu
@ PuBuioTiko didAupa LL“JM% 45 seconds 54 °C
@ MnATtpa DNA (d¢eiyua) S Ty > .
o Mpurapyxd rprora * LI | u ;e o
@ PPP-voukAegoTidia
@ lovraMg™ 5'WmmrﬂT”TﬂTWT”“TﬂTWWﬂ1TnnmmmanWﬂmﬂmm
@ DNA moAupepdon NPT Ly lU_L|_|_|_|_]_LU.LUJ.|.I.li  3.Empnkuvon

2 minutes 72 °C
A only dNTP's

N 5 .
N MMy
' ?O?\ . . . l | | | § istrian
\\\ @&: Univcaviny we cacsvenes
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3. Avixveuon va SelydaTwy
4 o o -

4. EykAnpatoAow of arpérﬁmg e
- p—— 3 .
5. Avixveuon diayovidiakwy QuTWv/oreppd /



KareuBuvopevn kAwvoToinan (Directional cloning)

Spacer g ;
R\ o0k primer

e [ L -] |
Reverse pamer RE2
' PCR Spacer
Spacer RE1 Insert RE2  Spacer
Pk [ L I
Restriction
digestion
= RE1 Insert RE2
Digested
PCR amplicon e
+
— Vector Vecior
RE1 RE2
Digested
vector h d
' Ligation
Ligated veclor with insert
Insert+ vector [ | i e |
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MeAéTn TnC YovidiakAc ékppaonc (HETaypagh)

dele geBne RNA blot qul5lop6g
I 1 ?

TRANSCRIPTION cs -.' m
|
| s . - mee

iLc T o - HEE ..
transcripts
RNA = ‘
SPLICING
MRBNAS s E RT-PCR avdAuon

, MRLFS RLFS M

I
REVERSE TRANS‘CRIPTION Al\iD DNA CLONING
—
=
— ———
e
—_—

100
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H xpnon tnc PCR atnv avixveuon poAuapévwy atopwy

HIV or HIN1 or COVID-19 particles

: control, using
in serum of

infected person r?c',z?:fm;
boodsampl g — —— — T
petson E)\(/TF?:LC J \'T'SXENRSSC%IPTASE/ GEL
PCR ELECTROPHORESIS

RNA
GENOME ¥ AMPLIFICATION : Y ’ v
[} ; 2
[} A .
U 4 U : R

REMOVE
CELLS BY
CENTRIFUGATION S
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Xpnon Tng VNTR-PCR TexVIKAC aTnv eyKAnpatoAoyia/matpoTnta

1_ 2.DNH FROFILE OF THE TECHHNICIAN FREFARING THE A
« M *DIOGRAFH, ADDED AS ANOTHER INTERNAL REFERENCE

3:0NA PROFILE OF THE RAFE UIGTIM
4:0HA PROFILE OF DEFENDANT 1
5 DHA PROFILE OF DEFENDANT 2
B:r
.DNA FROFILE OF FORENSIC

*SAMFLE (SEMEN) TRAKEN
FROM THE UICTIM

sa0mum
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Xpnon Tng VNTR-PCR TexVIKAC aTnv eyKAnpatoAoyia/matpoTnta

VNTR: diadox1kég emavaAnyeig moikiAou apiBpou (variable number tandem repeats)

VNTR
Clase S Poarea primers for SEPARATE PCR PRODUCTS ON GEL
Q|| PCR a
420-840bp | ) amplification |
LY pAGe 'n o
- ~d “ D
I {0 2 | d
840-1400 bp paternal | s 9
x100 - 8-
I — O =
S a0itn maternal | s 3
13 CODIS Core STR Loci y o\ | A T
a with Chromosomal Positions |
o N repeated sequences
o E H g . of a VNTR locus
E E D5S818 ;85"79 Emm 8
FeA M D75820; u E
LCSF1P03 - ™
1 2 4 5 7 8 9 10 1" 12
AMEL

D13S317 é E g B = 2
B D16S539 » D18S51 D21S11 AMEL
(o B R T U L]

13 14 15 16 17 18 19 20 21 22 X Y
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e
Xpnon Tng VNTR-PCR TexVIKAC aTnv eyKAnpatoAoyia/matpoTnta

individual A individual B individual C forensic sample F

3 pairs of homologous
chromosomes

VNTR: variable number tandem repeats An B = C A F

A Probability of two persons
: |

% il e é 1 VNTR (6 dlleles) = 1:64
Evioxuon pe PCR Tpidv g 25! cm— — — | 5 4VNTRs (0aleles) > 1: 18.000.000
SIaQOPETIKWY  TTEPIOXWV % 20; — P 3 5 VNTRS (10 alleles) > 1: 1.000.000.000
via Tn Odnyioupyia TOU 15) —0 S
DNA amoTumwpaToc 2 — - =

£ ] S —— | Paternity = 1/10.000 (99.9%)

€ M = — Guilt = 1/10.000.000 odlrinn

0 \thens

EST. 1837
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MeAéTn DNA amé amoAiBwpara

Microbial

h

extraction

Neandertal
DNA extract —

Human / Neandertal
diagnostic postions

Amplify, clone and sequence
PCR products that include
mtDNA diagnostic positions
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MeAéTn DNA amé amoAiBwpara

Mammoth

~300bp DNA
fragments

PCR fragments
PCR
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