AIAAKTEA YAH

Gene Cloning (T.A. Brown)
BAETTE AQVTIOTOIXEC EIKOVEG

Avaouvduaopuévo DNA (D. Watson et al.)
Ke@aAaio 4 1[oeAidec 09-136]

Ke@aAaio 6 [oeAidec: 175-177]

KepaAaio 10 [oeAideg 337-356]

Ke@aAaio 13 [oeAideC: 445-456]




Avaocuvduaopuevo DNA

Exdpach Kot puBLLON TWV YOVLIOLwWY
/NELTOVPYLEL TWV YOVLOLIWV

laTtpLlkn SLayvwaeTikN

DopAKEVTLKA, VEWPYUKA KO BLlofnyeviKe
mpolovia

Foviblokn Bepameia
(Knockdown-Knockout-gene replacement)



KAwvotroinon

1 Construction of a recombinant DNA molecule

3 Recombinant
DNA molecule

Vector  Fragment
of DNA

Bacterium

Bacterium
2 Transport into the carrying

host cell recombinant
DNA molecule

3 Multiplication of
recombinant DNA
molecule

/

i Q Q
4 Division of
08% 08%
nosteel o -

5 Numerous l

cell divisions
resulting in a £ £ £

clone

Bacterial colonies
growing on solid medium

Region to be amplified

Cool to 50-60°C

3!

ooy urrrrrrrrrerr o

;Primersf i}

5!

DNA synthesis at 74°C

3!

3!
—

5!




E101Kd TTAOOHiIOIO

orizm of replication working m the _
expression cells (replicative vectors) sequences for efficient
transcnption and translation
(e.g. promoter. nbosomal
other sequences (e.g. aenes for bimdmg site, tramnscrption
stabile replication or mtezration femunator sequences)
of the vector. gene for reculating
the promoter, efc.)

zene for expression
{(¢DNA, cDNA with

: artificial mtrones, cDNA
Primer 1 *With without signal
sequence or taz sequence,
¢DNA wath altered codons,
e )

stop

Primer 2

E coli marker gene P2
(shuttle vectors) tag

\

terminator

E coli origin of replication marker gene working m expression cells
(shuttle vectors) (rephcative vectors)




‘Eviupa tTEPIOPIOHOU

(a) Restriction of phage DNA

Phage injects DNA
into a bacterium

)—

(b) Bacterial DNA is not cleaved

-

L
*

Me

Restriction endonucleases
cannot bind to the recognition
sequence

-

Restriction Phage DNA
endonucleases bind is cleaved
to the phage DNA and inactivated

Bacterial DNA

Me

Recognition sequences
are methylated




‘Eviupa trepiopiooU Mivakag 4.1

Muizo0Qyoviouog ‘ Alinhovyic avoyvooLong TNUEIOOCELS
' G|C .3

3°...cclg .5

Thermus aquaticus 5" .. TICGA...3'
30...A .. .5

Haemophilus aegyptius

.. G C. . P
Agia akpa
. C G. .

5’ yovokAwva dakpa

G
.GCG|C...3’

C

Haemophilus haemolyticus . G
.AdGeG... 5

~

3’ HovOokAwva akpa

Desultovibrio desulfuricans LCITNAG...3

.G A C...5

Moraxella bovis .GAAGA (N ...3

LCTTCT (N4l ... 57

.GATPTC“.f

Escherichia coli .
CCTAITAG...5

.GlAATTC...3

L CcTTAAG...5’ 4 bp =» 44 =1/250 bp
..CTGCAG...3 | 6bp = 4%5=1/4000 bp
LaAlcaT e 5 8 hp =» 48=1/65000 bp

chTNAGGH.T
..GGANTICC...5
..GClggececagcC.. .3
.CGCCGG|ICG...5

Ta mreploooTepa Eviupa gival opodIdEPr) avayvwpilouv TTaAIVOPOUES AAANAOUXIEC

Providencia stuarti

Microcoleus

Nocardia otitidiscaviarum

5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3




‘Eviupa trepiopiouou

#0pnlIl

Sauzfl
#Mbio
BFUCI
Opnl
Mme I
Fatl
CwiAll
FzpEI
*M=pll

MzpJI
FepEI
AUl

HpuCHaY
MapdI

FzpEI MIucCI

SFaNl
MzpJ I
MIuCI

MzpJI
Ddel
B=1l

HpuCH4Y
BtzCI

L o

. AAATGTTCTGECATCCAACAGAATTATCCACGCTAAGGA
F1 | F1o [ Fzo | k30 |

Mlalll
Mzpd I
#Alwl

TzpRI
Bt=IMutl
M=el

TCATGCTTCAGTECAATTAAAC
Fdo [

k5o | Feo

.TTTACARGACGTAGGTTGTCTTAATAGGTGCGATTCC TAGTACGAAGTCACGTTAATT TG

o S F

HpuCH4Y
Btzll

Acul
MluCI
MzpdI
SFanI
FzpEI

Mme I
MzpdI
Bpulol
Oclel
MzpdI
FzpEI
B=ll
MzplI

MN1alll
Opnl

Mzel
M1uCI
MzpldI
Bt=IMutl
HpuyCH4Y
MzpdI
#A1wl
TzpRI
¥MzpdI
FzpEI
Fatl
CwiAll
BfuCI
#Mbal
Zauinl

#0pnTl




HAekTpo@OpPNnNoNn o€ TTAKTWHA ayapoldng

(a) Rough estimation by eye
Hindlll Unknown

bp
23 130 ---
9416 - —-
6557 "

4361 ] __C.. EUDD bp

--c. 3200 bp
2322 - 4----
2027 --1===- --c. 2000 bp

564 -~

(b) Accurate graphical estimation

E
=<
<L
=
O
-
o
@
g
w

10

N
&)

wn

Mo
o

Distance migrated (cm)




2UVOPMOAOYNON MIKPWYV TUNHATWY DNA

TuApa 5 Kb

Double digests are used in mapping

Indnidual Individual Total DNA
A-fragments B-fragments digested
are digested are digested with both
with enzyme B with enzyme A  enzymes
e G - -

S

1000—— 1000
500—— 500

AAANAOUXNON KABE TUAMATOG KAl OUVAPUOAGYNON




20vdeon TuNMATwy DNA F-4.19, 4.20

Zene
DA
+§ ligase
e e
DA 1o
be cloned

Wector Recombinant
DA moleculs

(a) Ligating blunt enda

7y Oy — ITTTITY

i{b) Ligating sticky ends
I - base-paired structure
Discontinuities
;- I
DMA ligase s=sala
the discontinuities




‘Eviupa pe cupfara akpa

AAAnAouyia

Mpoidv

MovokAwva
aKkpa

GGATCC

GGATCC
CCTAGG

5'-GATC

AGATCT

AGATCT
TCTAGA

5-GATC

TGATCA

TGATCA
ACTAGT

5’-GATC

Sau3Al

NGATCN

NGATCN
NCTAGN

5’-GATC




DNA MNMoAupepaoeg

(b) DNA polymerase |
A nick

S-A—T—G— G C—A—T—

—T—A—C—G T—A—A—C G—T—A—

(c) The Klenow fragment

(T4 DNA troAUupepdon) & B3

5 -A-T-G- G-C-A-T-
-T-A-C-G-T-A-A-C-G-T-A-
(d) Reverse transcriptase

5-A-T-G-
Lu—a—c—g—uTa—a—c—g—u—a—
RNA template

523 & 3D5 &w

Existing nucleotides

‘rl are replaced
M

5'—A-T-G~C-A-T-T-G-C-A-T-

~T-A-C-G-T-A-A-C-G-T-A-

Only the nick Existing nucleotides

is filled in are not replaced
— |
—A—T—G—C A-T-T G C—A—T—
AL -

—T-A-C-G-T-A-A-C-G~T-A-

New stra|nd of DNA
-A-T-G-C-A-T-T-G-C-A-T-

-u-a-c—-g-u-a-a—-c—g-u-a-

+ dNTPs-IEuiopa

- dNTPs-Adciaopa




5 ¢
Primer removal




Anuioupyia HOVOKAWVWYV GKPpWV F-4.26

(a) Synthesis of a homopaolymer tail

Terminal
transferase
+ dCTP

(b) Ligaticon of homopolbymer tails

Recombinant
DA miclecule

Vector - pohyidC)
tails

Insert DA
- polydE) tails

(=) The repair steps
G—E—G—G
JE—C—C—C—C—C
Discontinuity l

Klenow polrmerase
repairs the nick

G—G—GEG—G—G—G—G 3
C—I:—C—I:—C—I:—q,'
N y
., |
e .o f
Ligase repairs
the discontinuities




TpoTtrotroInNTiKa éviuua

(a) Alkaline phosphatase

“O4PY
So-o0-o0-o0—-o0-o0—-o0<

HO

(b) Polynucleotide kinase

HO 5 OH
o—-o0—o0-0—0—-0-o0

SO O0—-O0-O0-000Q
HO OH

(c) Terminal deoxynucleotidyl transferase

3’ &




Adaptors (MpoocapuOOTES)

(a) The precise structure of an adaptor

HO._ OH
GATCCCGG

/GGCC

5 oy BATC

m'\

5-OH 3-OH

~poZ

(a) The precise structure of an adaptor

L—<|’_‘
GATCCCC|5G
|
GGCC

HO

H.e mhhw}
)M 1 MNUS

(b) Ligation using adaptors

u\e i
B\um-ended moles

DNA ligase

F-4.23, 4.25

OH

~poZ

Adaptors

Polynucleotide
Kinase




Cloning with adaptors

(1)1 BamHI

@ Alkaline (4) DNA ligase
phosphatase \

l DNA ligase
No self-ligation




(@) 51 nuclease

09 O 900 90

(k) DMase |

i -0

NoukAedoeg F-4.2,4.3

S1 voukAeaon: S (DNA & RNA)

DNaon I: D,S (DNA & DNA-RNA)



AaopHidia

inon o€ 1

r

KAwvoTtro

.,c.:...._
X vm« #ﬁ, ,

L W
..;..?.w. % ﬁ \ 8

._.*)..““...y“.ﬁ.w...
)
Vel




Texvntd TTAacpidla

(b) Restriction sites in pUC8

of sites

pUCS8

Hindlll

Pstl

Sall, Accl, Hincll
BamHI

Smal, Xmal
EcoRl

(c) Restriction sites in pUC18

F- 6.3

Hindlll

Sphl

Pstl

Sall, Accl, Hincll
Xbal

BamHI

Smal, Xmal
Kpnl

Sacl

EcoRl




KAwvoTtroinon o€ TTAacpidia

4+ 1010 Recombinant L 2UYVOTNTA GVAGUVIVAGUEVOV
DNA motecule mlaoudiov:1023 — 10
Vector Fragment 4 _
of DNA
ﬁol':izlslpon into the Bacterium , ,
ZDX\’O‘"]T(! UETACYNNATICUOV:
—
104 -10°
Bacterium carrying ) Bacterium carrying
vector recombinant DNA
molecule
\
\ J e
4 Division of
host cetl
e O
\\ , GRS oo
®e oNe]
\ CC) o0

: .
\\ A . ° - - é
\ 31\?:?:;?::‘53';9 — g
\n aclone
- 100 amowiec pe | Miat aTroikia E. coli

ﬂ?x77777# 7~ avacuvSuaouéva ~ 106 BGKTI"]pIG

Bacterial colonies '|T)\GO'|J|6IG
growing on solid medium




EIKONA 4.5




BiAI00\KeG o€ BaKTNPIOPAYOUG

Phage particle

~50% empoAuvon

1 The phage attaches to the
bacterium and injects its DNA

l Phage DNA molecule

2 The phage DNA molecule
is replicated

|

3 Capsid components are
synthesized, new phage
particles are assembled
and released

components lCeIl lysis

@ gqjm phage particl

F

2.6



KUkAoG TOU A

Linear bacteriophage A

Lytic Path
DNA injected into the cell v o

att Cos 12n

cohesive
termini - ;
pair Bidirectional
DNA
nicks sealed replication
by ligase of early
host cell ]

proteins on

early late
l proteins off | proteins on

early proteins off
Int proteins on

Primers
Lysogenic Pathway Rolling

circle
replication

Integrative recombination
X

E. coli gal att bio
chromosome

’%egration off

maintenance on

c cleavage by
& oo A protein

i 35-52 kb
/
mature bacteriophage

\ particles encapsidation




Texvnroi A apepfoAng F- 6.10, 6.12
(TroAAatTAaocialovTal)

components
Integration
and excision
DMA synthesis
Late regulation

Capsid
O e Host lysis

B
b=
3
=]
&
=
=
L
H
"

() Construction of a & insertion vector

MoAAatrAacidderal otnyv E, coli

Mormal £ DNA A Insartion vector

(49 kb Cleave, ligate (3540 kb)
———
"'—~10|Kb—" ECERI
Maon-sasential o

region [ 0w upro20ks |
2y ETriudAUVGN Mgl N Vitro TTakeTapIoua




Texvnroi A avTIKaTadoTaoNG
(Aev TToAAaTTAOOI1G{OVTOI)

(b} AEMBL4

Agv roAAatrAaoiddetal otnyv E. coli

EcoRl, BamHI, Safl ——
. 1o0kb 21kb  9kp , °oracembination 19, 21kb  9kb |

A AN

e |

RES  SBR

Isolation of arms
+DNA

L 19kb T:-&u

Mew DNA, up
to 23 kb




2UOKevaoia A in vitro

(a) A single-strain packaging system

4T, + 0 °
/53(- .="}=. 'e) =|‘1,=, @ A proteins
@ 6o = accumulate
Y in the cell
+ o @

[

E. coli SMR10 - A DNA
has defective cos sites

)] o5 CoOE
I_—_I_—_.I._—J

4 DMA catenanes

A proteina from SMR10, # phage particles
or a miture from carrying packaged
BHE2668 and BEHB2G620 DMA molecules




Anpioupyia BiBA10OAKNG

BamH| BamHlI
19kb +21kb f 9kb

Bacteriophage A vector

“ Digest with BamH|

H Partial digest with Sau3A (BamH1-compalible) H Isolate left and right arms, “

Isolate 15-kb
fragments.
j
R
Discard smaller
and larger fragments

Concatenate of many
Leftarm  Right arm recombinant \ phages

H In vitro cleavage
/L of concatemer

Package into phages. JT
>

genomic

1 Infect £, col. ~ ONA

GGATCC GGATCC 5'-GATC S Piaques
CCTAGG ® o © 00X

NGATCN NGATCN 5’-GATC
NCTAGN

Screen library by using nucleic acid probe.



KAwvoTtroinon o Koouidia

(@) A typical cosmid (40- 45 Kb)

(b} Cloning with pJBES
BamHI

BamHI BamHI

Restrict with =
BamHI tos amp

I_c F_w ]

Lo |
Linear pJB&

| S—
[ — |
Ligate =

Mew DA,
BamH]I BamHI BamHIJ i
— —d 6 o b 5 00 ATTOIKIEG

cos  amp”®  New COS Catenans
DA

Fn vitro packags|

otdravy ?E? ot cob / ' Plating in amp

i particles




Fertility factor

ADN cromosdmico Plasmido movil ADN cromosdmico

Donante

Relaxosoma Transferosoma

Pladsmido movil Plasmido movil
Pilus

Antiguo donante Nuevo donante
F+ F+




On rare occasions, F integrates into host chromosome

LH, F* cell { e
-

High Frequency Recombinant strains can donate chromosomal DNA
of host to a recipient cell

Hfr ceII F - cell

0&%/0 =(O=CO

Recombination Recombinant

Copy of host chromosome with between donor and recipient
integrated F remains in donor cell recipient




KAwvotroinon o€ BAakTnpIaka TEXVNTA XpwuoowpaTa(Bacs)

~200 Kb DNA

Fertility factor

repE: Helicase
parA/parB: Immunity, copy humber (1-2)
and partitioning




KAwvotroinon o€ BAakTnpIakKa TEXVNTA XpwHoowuaTta(Bacs)

AvBpwivo yovidiwpa= 3X10°bp =
1,5X10% TpAuata DNA Ttwv 2X10°bp
MeTaoxnuaTiopog: ~ 2X10-2 atolkieg/TpuAio
=> ~100 TpuBAia pe 10X KGAUwn TOU
YOVIOIWMATOG

000000000000
000000000000

I & m m O O W >

90,
000000000000




MéyeBog BiAioBnkwv Table 6.1

Number of clones needed for genomic libraries of a variety of arganisms.

E coli 46x10°
Saccharomyces cerevsiae 18107

Drosophila melanogaster 1.2 108

Rice 5.7 %108
Human 90 40 (~100.000 X3) (60.000 X5) (15.000 X10)

Frog 2.3 %1010




Selectable
Marker

Antibiatic
Resistance
Gene

AAANnAouUyxion DNA

Plasmid Map

Origin of Replication

Promoter

- 5’ Primer Site
‘L_ Restriction Site

Inserted Gene

== Restriction Site

3’ Primer Site




AAANnAouyxion DNA

I DNA polymerase

DNA

l DNA polymerase




AAAnAoUYIon DNA EIKONA 4.12
M£Bodog Sanger

AikAwvo [ CGATGTACGTICTAGGS o]
DNA [ * GCTACATGCAGATCCe o]

Anuioupyia povokAwvng
HATPAG

\l
e o GCTACATGCAGATCC C e @

dideoxynucleotide triphosphate

MpayuaTonoinon TECoApwv
avTidpacewyv

v v

NoukA&oTid10 A T

dATP
dTTP
ddTTP
dGTP
dCTP
dATPX

Meiyua vou-
KAEOTIBIWV

MpoaBrikn DNA
noAupepaong




AAANnAouyxion DNA EIKONA 4.12

1 3 7 9
® e GCTACATGCAGATCC® eJe ¢« GCTACATGCAGATCC® ®J]o e GCTACATGCAGATCC® ofe e GCTACATGCAGATCC ®
(B) TGTA TGTAC
[FeCGATGTACGTCTA] TGTACGTC TGTACG

L ] [FeCGATGTACGTCTAG
e eCGATGTACGTCT [ eCGATGTACGTCTAGG]
— l J
EkKIVNTNG l i
(vy) (g My Ay My My
Ta npoiovta kaBe -
avtidpaong avaAtovTar | __ —
o< pia oTAAN &vog —
NNKTOHATOC R
NOAUGKPUAQUIdNG rr _—

A T G C

Avayvwouevn aAAnAouxia
NNNACATGCAGATCC

SP-F
—llllllllllllllllllllllllll =

i, ]

3 5’




AO[.IE".Q 5I6£O§UVOUK)\£OTI6I'(.UV (ddNTP) EIKONA 10.10
ONHAOHEVWY PE POOoPIloucEG XNMIKEG OMADEG.

i

0=P—0—P—0—P—0— /

|
0 ( o)

(H 3 2'(H)
ddTTP




AuTtopaTtoTtroinuévn aAAnAouyxion EIKONA 10.11-13

(a)
dATP ddGTP | O
dGTP

ddATP | O
dCTP
dTTP ddTTP |O
Kal
MrATpa ddCTP |O
EkKIVNTG
DNA noAupepdaon

l AvTidpaon Sanger

HAEKTPOEOPNON CE CUOKEUR aAAnAouxiong
OE NAKTWHA A OE TPpIXOEIBEG

[AACGTATGCT| O

[AACGTATGC| O

[AACGTATG]| O

[AACGTAT| O

Kl)\ipuxu aA;\n)\oilxléunC, os To @wg nou eknéuneral
[AACGTA| O pia Siadpoun By o éva

TPIXOEI5EG OTN CUCKEUR CUAAEYETQl and aviXveuTn
aAAniouyaong DNA cmec')c

|[AACGT | O

[AACG | O

AxTiva A&iZep
laac | O capwong dIeyeipel TIG
O @Bopitouceg
XPWOoTIKEG, KABWG Ta
[CCTTTA|O TuAMaTa DNA Ta dedopéva
AAAniouxia and kdTw npog Ta navoe nEpVOﬁV K.aTd nv oTéAvOVTal OF
AACGTATGCT NAEKTpOQOPNON unoAoyioTr

T T C C C C C T C G G C C G G G C T N
510

i .




NovidiwpaTikA BIBAIOOAKN 0& KOOHIdIO
Total cell DNA

-. | I II .r .lll

SEUSA sites

Partial Sau3A
digesation /

-35 kb fragments
r"'l'_'l'"---.l__‘

Ligate into cosmid

CiOE

in vitro package,
infect E. colf

2, _;,.Cc:nlc:nmas

+ other Petrie dishes
= gene library

F

8.5



cDNA BiBAI0BAKN

(a) First strand synthesis

5 3’
AAAAA

>
Anneal an OO0 T

mRNA Poly(A)
Double-stranded DNA

tail oligo(dT) primer

Reverse transcriptase KAwvoTroinon o€ A

(b) RNA degradation

RNase HI

RNA fragments
o a TTTTT

DNA pol |
(c) Second strand synthesis

RNA fragments EEM TTTTT

act as primers




EmiAoyn KAwvwyv pe uBpidotroinon F- 8.9

(a) Transfer colonies to nitrocellulose or nylon

Nitrocellulose/nylon
membrane

l /—N
[ — Bactria atached
to the membrane
(b) Degrade cells, purify DNA

Bagteria

Alkali +
protease ~l A
—_—— e T

80°C for 2 hours

Unpaired bases or ultraviolet irradiation
A

A - DNA bound
et P to the membrane

DNA is bound by the
sugar-phosphate backbone

(c) Probe with labelled DNA .
Apply X-ray film
. x % X-ray
: ! ! ! film
Non-specific SpeCific
binding binding

(d) The resulting autoradiograph

WYeudwg OeTIKN TTAdKQ

— Positive
hybridization




Double-stranded
DNA probe

Denature by heating

Single-stranded DNA

Add random hexamer oligonucleotides

Some hexamers
base-pair

Add Klenow polymerase + dNTPs,
one of which is labelled

2fpavon DNA - IxvnBéTng




2roixion-lxvnOéreg PCR

T--LNQGLINGLMSGVLGVSGGMQHNGLN--MOOHTPRSDSANSISSGRDDLSPSSSLNG
T--LNQGLINGLMSGVLGVSGGMQHNGLN--MOOHTPRSDSANSISSGRDDLSPSSSLNG
ANGTPNGLIG-VVGGGGGVGLGVGGGGVGGLGMQHTPRSDSVNSISSGRDDLSPSSSLNG
ANGTSNGLIG-IVGGGGGSGVGVGGGGMGGLGMQHTPRSDSVNSISSGRDDLSPSSSLNG
LQPQQPHPAPPTLPTMPLPMPPTTPKSENE SMSSGREELSPASSING

Kk ek Kekkkksskkkskksokk
YSANDSCDVKKIKKGPAPRLQEELCLVCGDRASGYHYNALTCEGCKGFFRRSVTKNAVYC
YSANDSCDVKKIKKGPAPRLOQEELCLVCGDRASGYHYNALTCEGCKGFEFRRSVTKNAVYC
YSANESCDAKKSKKGPAPRVQEELCLVCGDRASGYHYNALTCEGCKGFEFRRSVTKSAVYC
YSANESCDAKKSKKGPAPRVQEELCLVCGDRASGYHYNALTCEGCKGFEFRRSVTKSAVYC

223
223
237
236
184

283
283
297
296

CSA—DADARRQKKGPAPRQQEELCLVCGDRASGYHYNALTCEGCKG VTKNAVYI 242

* x Kk ee khhkkhkkhkhkkhkk KAk Ak AAAAAAAA A A A A hA A hAk A kA Ak Ak Ak Ak rhkhrk *k%

CKFGRSCEMDMYMRRKCQECRMKKCLAVGMRPECVVPENQCAMKRREKKAQKEKEKQTT -
CKFGRSCEMDMYMRRKCQECRMKKCLAVGMRPECVVPENQCAMKRREKKAQKEKEKQTT -
CKFGRACEMDMYMRRKCQECRLKKCLAVGMRPECVVPENQCAMKRREKKAQKEKDKMTTS
CKFGRACEMDMYMRRKCQECRLKKCLAVGMRPECVVPENQCAMKRREKKAQKEKDKMTTS
———-HACEMDMYMRRKCQECRLKKCLAVGMRPECVIQE---PSKNKDRQROKK
KA Kok o s Kk hk kAR Kk kA KKk ok s KKK kAR K kAKX . & . .
HPTCP-LLPDDIVAKCKASN
HPTCP-LLPDDIVAKCKASN
PSSQHGGNGSLGSGGGODFVKKEILDLMTCEPPQ HATIP-LLPDEILAKCQARN
PSSQHGGNGSLGSGSAHDFVKKEILDLMTCEPPQ HATIP-LLPDEILAKCQARN
DKGILLPVSTTTVEDHMPPIMQCDPPPPEAARIHEVVPRYLSEKLMEQNRQKN
* * * * * . * . . . *
IPPLTRNQLAVIYKLIWYQDGYEQPSEEDLKRIMS——TPDENESPNDISFRHITEITILT
IPPLTRNQLAVIYKLIWYQODGYEQPSEEDLKRIMS--TPDENESPNDISFRHITEITILT
IPSLTYNQLAVIYKLIWYQODGYEQPSEEDLRRIMS--QPDENESQTDVSFRHITEITILT
IPSLTYNQLAVIYKLIWYQODGYEQPSEEDLRRIMS--QPDENESQTDVSFRHITEITILT
IPPLSANQKSLIARLVWYQEGYEQPSDEDLKRVTQTWQSDEEDEESDLPFRQITEMTILT
Kk ke KK s ek sK kKK kKKK KK kKK Kk Lkke e ke kokaokokok sk k kK
VOLIVEFAKGLPAFTKIPQEDQITLLKACSSEVMMLRMARRYDHNSDSIFFANNRSYTRD
VOLIVEFAKGLPAFTKIPQEDQITLLKACSSEVMMLRMARRYDHNSDSIFFANNRSYTRD
VOLIVEFAKGLPAFTKIPQEDQITLLKACSSEVMMLRMARRYDHSSDSIFFANNRSYTRD
VOLIVEFAKGLPAFTKIPQEDQITLLKACSSEVMMLRMARRYDHSSDSIFFANNRSYTRD
VOLIVEFAKGLPGESKISQSDQITLLKASSSEVMMLRVARRYDAASDSVLFANNKAYTRD

Ak hkhkkhkhkhkkhhkhkh kheoekk Kk hhkkhkhkhkkhhhk hhkkhkhhkhhko« khkkhik KAk o o khkkookhkk

342
342
357
356
292

387
387
410
409
345

445
445
468
467
405

505
505
528
527
465




Ek@UAICHEVA OAlYOVOUKAEOTIOIO

15
GLY-SER-ALA-LYS-LYS-GLY-ALA-THR-LEU- PHE- LYS-THR- ARG-CYS-GLU-
30

LEU-CYS- HIS- THR-VAL-GLU-LYS- GLY- GLY-PRO- HIS- LYS- VAL- GLY-PRO-

45
ASN~-LEU- HIS- GLY~ ILE- PHE-GLY-ARG~ HIS~ SER-GLY-GLN- ALA- GLN- GLY-_

TYR-SER-TYR-THR-ASP-ALA-ASN- [LE- LYS- LYS-ASN-VAL- LEU- TRP- ASP-

iS5
GLU-ASN-ASN-MET-SER—-GLU-TYR-LEU-THR-ASN-PRO-LYS- LYS- TYR- ILEg_o

PRO-GLY-THR-LYS-MET-ALA-PHE-GLY- GLY- LEU- LYS- LYS- GLU- LYS- ASP-
103

ARG-ASN-ASP-LEU- ILE- THR-TYR-LEU- LYS- LYS- ALA-CYS-GLU

F-8.14



EiAoyn KAWVWYV PE AVTICWHATA
BiBAI0OAKEG EKPpaong

(@) Immunoscreening Colq\nies

Lyse cells
(chloroform)
. Y . N
Antibody attaches to Add specific

lysed cells containing ._ antibody
cloned protein

Add '#5|-labelled
protein A

Protein A binds .__
to antibody

(b) The resulting

Positive signal =
autoradiograph p 9

recombinant
synthesizing
cloned protein




NMAacpidla EKPPACNG TTPWTEIVWV

PQE-30

Sma |
Eco FI/RES BacHis B HI §|:|_I Socl Kpn| Xmol Sall Pst 1 Hind 1l
TCG- T e ET T ALY L 1 L YT =

pQE-31
S
Eco RIJRES BocHis Bam HI I Saocl nl_ Xmol Sall Pat 1 Hind 1l
ﬁmmrﬂ . | GEATCCGCATGOGAGCTC GG TACCCCGEETOGACCTECAGC CAMGCTT |AATTAGITGAS :

pQE-30, pQE-31,
pQE-32
3.4 kb

Gly Ser aa ga aa
y ag] —> 1 g | agl ——>
GGATCC == == == == = o o o e —--NGGATCC == == == = o o e

~-CCTAGG == = o o ---NCCTAGG = = == = o e o o =




MNovidiwpaTikA BIBAIOOAKN

Total cell DNA

.I"I I| | I| Ir I-'Il

Séu:lmlsi'tﬁ:a

Partial Sau3A
digesation /

~35 kb fragments
T

Ligate into cosmid

CiOE

in vitro package,
infect E. colf

+ other Petrie dishes
= gene library

F

8.5



cDNA BiBAI0BAKN

(a) First strand synthesis

5 3’
AAAAA

>
Anneal an OO0 T

mRNA Poly(A)
Double-stranded DNA

tail oligo(dT) primer

Reverse transcriptase KAwvoTroinon o€ A

(b) RNA degradation

RNase HI

RNA fragments
o a TTTTT

DNA pol |
(c) Second strand synthesis

RNA fragments EEM TTTTT

act as primers




EmiAoyn KAwvwyv pe uBpidotroinon F- 8.9

(a) Transfer colonies to nitrocellulose or nylon

Nitrocellulose/nylon
membrane

l /—N
[ — Bactria atached
to the membrane
(b) Degrade cells, purify DNA

Bagteria

Alkali +
protease ~l A
—_—— e T

80°C for 2 hours

Unpaired bases or ultraviolet irradiation
A

A - DNA bound
et P to the membrane

DNA is bound by the
sugar-phosphate backbone

(c) Probe with labelled DNA .
Apply X-ray film
. x % X-ray
: ! ! ! film
Non-specific SpeCific
binding binding

(d) The resulting autoradiograph

WYeudwg OeTIKN TTAdKQ

— Positive
hybridization




Double-stranded
DNA probe

Denature by heating

Single-stranded DNA

Add random hexamer oligonucleotides

Some hexamers
base-pair

Add Klenow polymerase + dNTPs,
one of which is labelled

2fpavon DNA - IxvnBéTng




2roixion-lxvnOéreg PCR

T--LNQGLINGLMSGVLGVSGGMQHNGLN--MOOHTPRSDSANSISSGRDDLSPSSSLNG
T--LNQGLINGLMSGVLGVSGGMQHNGLN--MOOHTPRSDSANSISSGRDDLSPSSSLNG
ANGTPNGLIG-VVGGGGGVGLGVGGGGVGGLGMQHTPRSDSVNSISSGRDDLSPSSSLNG
ANGTSNGLIG-IVGGGGGSGVGVGGGGMGGLGMQHTPRSDSVNSISSGRDDLSPSSSLNG
LQPQQPHPAPPTLPTMPLPMPPTTPKSENE SMSSGREELSPASSING

Kk ek Kekkkksskkkskksokk
YSANDSCDVKKIKKGPAPRLQEELCLVCGDRASGYHYNALTCEGCKGFFRRSVTKNAVYC
YSANDSCDVKKIKKGPAPRLOQEELCLVCGDRASGYHYNALTCEGCKGFEFRRSVTKNAVYC
YSANESCDAKKSKKGPAPRVQEELCLVCGDRASGYHYNALTCEGCKGFEFRRSVTKSAVYC
YSANESCDAKKSKKGPAPRVQEELCLVCGDRASGYHYNALTCEGCKGFEFRRSVTKSAVYC

223
223
237
236
184

283
283
297
296

CSA—DADARRQKKGPAPRQQEELCLVCGDRASGYHYNALTCEGCKG VTKNAVYI 242

* x * e kkkk Kk kK *************{********************* * Kk

CKFGRSCEMDMYMRRKCQECRMKKCLAVGMRPE6VVPENQCAMKRREKKAQKEKEKQTT—
CKFGRSCEMDMYMRRKCQECRMKKCLAVGMRPECVVPENQCAMKRREKKAQKEKEKQTT -
CKFGRACEMDMYMRRKCQECRLKKCLAVGMRPECVVPENQCAMKRREKKAQKEKDKMTTS
CKFGRACEMDMYMRRKCQECRLKKCLAVGMRPECVVPENQCAMKRREKKAQKEKDKMTTS
———-HACEMDMYMRRKCQECRLKKCLAVGMRPECVIQE---PSKNKDRQROKK

****--U*************-*************- *

HPTCP-LLPDDIVAKCKASN
HPTCP-LLPDDIVAKCKASN
PSSQHGGNGSLGSGGGODFVKKEILDLMTCEPPQ HATIP-LLPDEILAKCQARN
PSSQHGGNGSLGSGSAHDFVKKEILDLMTCEPPQ HATIP-LLPDEILAKCQARN
DKGILLPVSTTTVEDHMPPIMQCDPPPPEAARIHEVVPRYLSEKLMEQNRQKN

* * * * * . * . . . *
IPPLTRNQLAVIYKLIWYQDGYEQPSEEDLKRIMS——TPDENESPNDISFRHITEITILT
IPPLTRNQLAVIYKLIWYQODGYEQPSEEDLKRIMS--TPDENESPNDISFRHITEITILT
IPSLTYNQLAVIYKLIWYQODGYEQPSEEDLRRIMS--QPDENESQTDVSFRHITEITILT
IPSLTYNQLAVIYKLIWYQODGYEQPSEEDLRRIMS--QPDENESQTDVSFRHITEITILT
IPPLSANQKSLIARLVWYQEGYEQPSDEDLKRVTQTWQSDEEDEESDLPFRQITEMTILT
Kk ke KK s ek sK kKK kKKK KK kKK Kk Lkke e ke kokaokokok sk k kK
VOLIVEFAKGLPAFTKIPQEDQITLLKACSSEVMMLRMARRYDHNSDSIFFANNRSYTRD
VOLIVEFAKGLPAFTKIPQEDQITLLKACSSEVMMLRMARRYDHNSDSIFFANNRSYTRD
VOLIVEFAKGLPAFTKIPQEDQITLLKACSSEVMMLRMARRYDHSSDSIFFANNRSYTRD
VOLIVEFAKGLPAFTKIPQEDQITLLKACSSEVMMLRMARRYDHSSDSIFFANNRSYTRD
VOLIVEFAKGLPGESKISQSDQITLLKASSSEVMMLRVARRYDAASDSVLFANNKAYTRD

Ak hkhkkhkhkhkkhhkhkh kheoekk Kk hhkkhkhkhkkhhhk hhkkhkhhkhhko« khkkhik KAk o o khkkookhkk

342
342
357
356
292

387
387
410
409
345

445
445
468
467
405

505
505
528
527
465
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GLY-SER-ALA-LYS-LYS-GLY-ALA-THR-LEU- PHE- LYS-THR- ARG-CYS-GLU-
30

LEU-CYS- HIS- THR-VAL-GLU-LYS- GLY- GLY-PRO- HIS- LYS- VAL- GLY-PRO-

45
ASN~-LEU- HIS- GLY~ ILE- PHE-GLY-ARG~ HIS~ SER-GLY-GLN- ALA- GLN- GLY-_

TYR-SER-TYR-THR-ASP-ALA-ASN- [LE- LYS- LYS-ASN-VAL- LEU- TRP- ASP-

iS5
GLU-ASN-ASN-MET-SER—-GLU-TYR-LEU-THR-ASN-PRO-LYS- LYS- TYR- ILEg_o

PRO-GLY-THR-LYS-MET-ALA-PHE-GLY- GLY- LEU- LYS- LYS- GLU- LYS- ASP-
103

ARG-ASN-ASP-LEU- ILE- THR-TYR-LEU- LYS- LYS- ALA-CYS-GLU

F-8.14



EiAoyn KAWVWYV PE AVTICWHATA
BiBAI0OAKEG EKPpaong

(@) Immunoscreening Colq\nies

Lyse cells
(chloroform)
. Y . N
Antibody attaches to Add specific

lysed cells containing ._ antibody
cloned protein

Add '#5|-labelled
protein A

Protein A binds .__
to antibody

(b) The resulting

Positive signal =
autoradiograph p 9

recombinant
synthesizing
cloned protein




NMAacpidia EKPpaong TTPWTEIVWV

PQE-30

ma |
£co RIRES bxHis  Bom H E&I Socl  Kpnl Xmol Sall  Pstl Hind Ill
pwel B el GGG TG CTACC COECETOGACCTCCAGC ARG A

pQE-31

Smea |
Eoo RI/RES BoHis Eam HI I Sacl nl Xmaol Sall Fat | Hindd 1l i
ﬁ’ﬁﬂmﬂﬂ B [CGAT OO AT GAGOIC GG TACCCLGGGICGAC TG AGLCAMGLTT|sAaTTacoTEas ]

pQE-30, pQE-31,
pGE-32
3.4 kb

Gly Ser

GGATCCm m = === ==

CCTAGG= = = o o o o =

Gly Ser aaw _

ATG GOATCOm = e = e
CCTAGG ==




PCR lNMoAupepdoeg

- — s hioTOTNTO ~106

Phusion DNA - modified  Pyrococcus  Thermococcus  Thermus
Polymerases P Rviosus furiosus kodakaersss  aquabdbcus



, Fig. 9.12
KAwvoTtroinon mrpoioviwyv PCR

Polynucleotides synthesized by Tag polymerase
often have an extra adenosine at their 3" ends.

T-ailed wvector




Partial cDNA
mRNA (Total)

cDNA

Rapid Amplification of cDNA Ends (3’ RACE)

SP5
5 VAAAAAA cDNA synthesis
«—--VITIT using the oligio dT
_\ anchor primer
5" V=A/G/C
.......................................... degradation of the
3 I VTTTT mRNA by the(RNase H
1 \ “activity of Transcriptor
5,Reverse Transcriptase
SP 5 amplifying of the cDNA
—> , by PCR using a specific
MTTTT 5 SP 5 and the PCR
- anchor primer
PCR anchor
primer
PCR product ready for:

agarose gel electrophoresis or
cloning procedures



Rapid Amplification of cDNA Ends (5’ RACE)

cDNA

mRNA (Total) ' ' synthesis of first strand
cDNA with primer SP 1

cDNA 3 degradation of the mRNA
' template by the RNase H |

Purify cDNA with activity of Transcriptor

High' Pure PCR Purification Kit Reverse Transcriptase

3'-(AAAAA tailing of the purified cDNA
with dATP and TdT

Terminal deoxynucleotidyl
transferase

Oligo dT-Anchor primer amplifying of the tailed cDNA
by PCR using the Oligo dT-

V=A/G/C P ATTTTTV anchor primer and a nested
/g’)"AAAV SP 2 primer

PCR Anchor
primer

3!
second PCR with the

PCR anchor primer and
a SP 3 primer

PCR product ready for:

agarose gel electrophoresis
analysis by hybridisation or cloning




Inverted PCR

Digest high-molecular-weight
DNA with a restriction enzyme
that generates a 2-3-kb fragment
containing the target sequence

Recircularize the DNA
fragments by ligation

Denature the DNA and anneal
oligonucleotide primers
complemantary to sequences
located near the 5’

termini of the target DNA

—)




Atropovwon mToAu(A+) RNA EIKONA 4-6

SUVOAIKO KUTTapIkO RNA

- >
OMyo(dT) Lo AAAAAl oy
npoodedepévo ’ [ AAAAA|

KUTTapivng

o€ opaipidia / || —

_y - AAAAA]
o

H oupd noAu(A)
Tou MRNA
uBpidonoieital
HE TO oAyo(dT)

100 mM NaCl

Ta rRNA kai tRNA ekhoUovTal
Kai anoppinTtovTal

10 mM Tris
1 mM EDTA

To mRNA exAouveTal
Kal gUAAEyeTal

_AAAAA] —
[ ARAAAl
AAAAA]
AAAAA!




NMpoodiopioudg Tou +1 (Primer extension)

Anneal the primer

rimar l Extend with reverse transcriptase

P

5' | Denature RMA,
measure the length of
the DMNA - say, 239
nuclectides

Correlate with the
DOMA sequence

II.l' I'.,I
Transcription Paosition of the 5'
start point end of the primer

F-11.6



F-11.12

Ribosomal
RNA bands

Smears
of RNA

AvaAuon RNA katd Northern

l Northern hybridization

2 3

Hybridizing Autoradiograph
band

() (wp)
72 120 144148 0 12 24




Werse transcriptase
' crrrrar RNA - DNA hybrid

Degrade RNA strand

RT-PCR

STANDARD PCR

Mpovipen
(i) (Pf)
96 120 140 144 148 0




PCR mrpaypaTtikou xpoévou EIKONA 4.17

OewpNTIKA AVANEVOMEVO NelpapaTikd anoTéAeaua
1.600.000.000 —

1.400.000.000
1.200.000.000 —
1.000.000.000 —
800.000.000
600.000.000 —

400.000.000

Ap1BudG popimv DNA
Movadeg napayopevou
¢pBoplouou

200.000.000 —

e e e

0

\
15 20 25

ApIBu6¢ KUKAOU TNG PCR Ap18uoc kKUkAou Tng PCR

10.000.000.000 —
1.000.000.000 —
100.000.000
10.000.000 —
1.000.000
100.000 —
10.000 -

1.000

Ap1BpoG popiwv DNA
Movadeg napayopevou
pBopiguou

100
10

0 1 Tt T T T T T
15 20 25

ApIBpOg kKUKAOU TNG PCR ApIBuoG kUkAou Tng PCR




PCR tmrpaypartikou xpoévou (qPCR) EIKONA 4.17

Al1adOXIKEC apalWOEIQ

= 5.000 uopia
— 5 yopia

2dc = 210=1024

o
@]
>
W
o=
> O
D:.
Qb
O a
c o
w D
W

DS‘
-0
>
@]
=

0

-2.000 | |

T T 1 |
0 2 46 81012141618202224262830323438404244
ApIBuOC kKUKAouU TnG PCR
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In vitro peTOYpPOPN =
v

pGEM®
Vector

6.4

DNA insert

Prepare vector.
to be cloned P

1. restriction digest

Prepare insert. | 2. dephosphorylation
(restriction digest)

Mix, ligate, transform, screen colonies.

RE1 l

pGEM®
recombinant

Sense or anti-sense RNA

Prepare plasmid

l with an appropriate \L
restriction enzyme
to linearize DNA.

Add RNA synthesis reaction In VItro UETG(PPGOT]

components (appropriate
RNA polymerase and NTPs)
and incubate. /J.

=

l run-off transcripts

Remove DNA template
with RQ1 DNase.

> > Purified RNA
~~~ ~_~ transcripts

In situ uBpudotroinon
KataoToA petappaong

0343MAD7_3A




Pure mRMNA
N oAiké RNA

Labelled

In vitro peTag@paon

+ 0
4+ 2 o
Ot

+‘:.f.}
o
+'D.|.

Cell-fre=
translation
syatem

_* % | abelled protein
mAMNA

Gel electrophoresis,
autoradiography

Pratein molecular

translation
products

weight size markers

Cell-free translation.

F11.18-20

S paclflc cOMA

—Mambmna

Specific mRNA mixture

Apply mAMA
h}rbrldlzss

mRMA

Remowve
hovbridized

l,.-._.n-..-m

Pl
r“ﬁﬁr_m

Cellfree translation,
electrophoresis and
autoradiography

Protein coded
by the cDMA

Hybrid-release translation.



In VIVO METOYPOPN-METAPPOON
TTOPAYWYR TTPWTEIVNG

E. coli expression signals:

" P = promoter
R = nbosome binding site
T = terminator
Unigue
restriction site

Expression
vector

Insert a foreign gene into
the unique restriction site

l Foreign gene

lTransform E. coli

CL

Foreign gene is
expressed in E. colf

Protein

The use of an expression vector to achieve expression
of a foreign gene in £. coli.




NMpo6odeon rpwreivwyv oto DNA

Regulatory protein

DNA fragment
protected by the
bound protein




AAAnAemidpaoeig Mpwreivwv-DNA
Fig.11.12, 11.13
IXvnAdTnon TepIoXng Tpoodeong

—
—

DMA molecules

l{a,]l End-label, add the regulatory protein
End—label\&/‘a—— or/C(-El_cm..ml::l protein

l{b}l Lirmited DMNase | digestion

© Q — DA molecules are cut at

o — Q any phosphodiester bond
O __Q___' not protected by the protein
o— ——

footprint

detection of the label

{c]l Remove protein, gel electrophoresais,

DA fragment

sZes '\\

} ‘Footprint’

y O DOOOD

L
Lane 1: Contral — no bound protein Position where the
Lane 2: Test — DMA + bound protein protein is bound




AAAnAemidpaoeig Mpwreivwv-DNA
IxvnAdtnon Oéoceswyv MNpdodeong

End-label

_h—

[ il

End-labeled
restriction fragments

Pr——— @m—————

— nuclear extract

Modified Gs l DMS treatment

Denaturing gel electrophoresi
autoradiography

+ nuclear extract

DNA-binding protein
e )
=

Limited
l DMS treatment

Digest protein,
piperidine

$— rmm———=m [
S= =

@ om———— Ge=———a n

Denaturing gel electrophoresis,
autoradiography

] ‘Footprint’




AAANAeTIOpACEIC TTPWTEIVWV-DNA Fig.-11.9
Electrophoretic mobility shift assay (EMSA)

Restriction Restriction fragments
fragments + nuclear protein

— <

Retarded band




AAAnAemmidpaoeig Mpwrteivwv-DNA
Electrophoretic mobility shift assay (EMSA)

Nuclear extract or protein - +
Antibody - 5 + -
Competitor 100X - - +

+
+




ATTOHOVWOT PUOUICTIKWY TTAPAYOVTWYV

DNA or Nuclear High salt

oligonucleotides axORce buffer

cDNA clones (BlBAloGﬁKn éKppaong)

Ra

b

Silica bead

Ned sl

Blot onto a

\nylon membrane

Apply labeled

/ oligonucleotide

Clone synthesizing
the DNA-binding protein

v

S VUBNESNCRARTRN BEEK I VS5 SRS

i
!
|
!
1
!
!
|
!
!
.x
|
a
!
i
i
i
|

ive LTV LRISA RV VY

Unwanted DNA-binding
proteins protein




AAANAETTIOPACEIS TTPWTEIVWYV

Yeast two-hybrid vectors
2 W ori

. , GAL4
CamA - — binding aMP 4™ ™ activation
\ domain \ ; ' domain
(BD)  f b %) (AD)

; “Bait” | . “Target”

protein | ' protein

!

"/, O / | DA
_,;//:\x 1/' | A library

TRP 1+

_ Unite
Interaction

Transcription
‘h" 1!
— e
Reporter
Promoter LACZ




PuOuion Twv yovidiwyv

Enhancer Silencer Promoter

l Gene
B

\-> Expressaion

Delete the
enhancer

Delete the
silencer

P _ mm—m
L

Less expression

S
7a




PUBuIon TV yovidiwy FRILLE, LGl

Gene under
atudy

Replace the gene
with the reporter gene

Reporter gene

Promoter

Seed-specific

c:c:nc:l seCjuence Reporter gene

R R -
Seed-specific
QEne expression

Restrict, ligate

Deleted control
SECUSNCE

kb Gene now

e pressed
in all tissues



In vitro peTaAAagiyéveon

[a) Restriction fragment delstion
Al Al Alul
Ayl ligase

W . el

l Deleted
gene

J, * gene
N 450

Mormal protein

Protein with a
major deletion
(b} Muclectide removal at restriction site
EcoRl Srmall deletion
Ecaoll

|
Jr—

=

Bals1
nibbles ends

Mormal protein Protein with a
minor deletion
(2] Inaertion of an oligonuclectide

EcoRl Insertion

Ecaoll

Oligonuclectide

Marmal protein

Destabilized
protein

Inverted PCR
EAcipaTa




2NMEIOKEG METAAAASEIG EIKONA 6.3

(a) Anopovwon nAacpidiakol DNA anod €va BakTn-
plako OTEAEXOG HE EVEPYOTNTA WEBUAGONG dam

— MeBuAMlwpEveg Baoelg

Anodiara&n Tou nAacuidiou kai uBpidonoinon Twv
HeTaAAAEIyOVWY OAIYOVOUKAEOTIDIWV-EKKIVNTOV

(B) Anodiata&n Tou nAaopidiakoU DNA, npoobnkn
TWV HETAAAQEIYOVWV EKKIVNTWV Kal uBpido-
noinor TOUG OTOUG KAWVOUG Tou NAAcpIdiou

MeTaAAa&lydvol EKKIVNTEG Ol OMOiol €

{euyapwvouv gTo GNUEIo Nou npoKelTal

va sioaxBei n peralhayn, aAAa (euyapwvouv
Ekkivnon TG oUv-  HE TIG aAAnAouxieg exaTepwBev auTou
Beong VEWV KADVWY
ano TNV NMOAUHEPAON

(y) EnékTaon peTaAAa€lyovwyv ekkivnTOV

Anodiara€n, uBpidonoinon

Kal ENEKTACN EKKIVNTMV
rMoAAanAoi

KUKAOI
(8) AladoxIKEC enavaAnyeig anodiaragng,
TwV B Kal Y OE €va quléqnoinonq
BepuokukAonoINTh Kal ENEKTADNG
TV EKKIVITOV




2 NMEIOKEG METAAAAEEIG

(B) AIadoXIKEG eNAVAARWEIG
Twv B Kal y o€ €va
BepUOKUKAOMNOINTA

(€) Néwn Twv NPOIGVTWV PE TO
gvZupo Dpnl, To onoio
KOBel pEBUNIWPEVEG Kal
NUINEBUAIWMEVEG
Beoeig GATC

(0T) MeTaoyxnuaTiopéc BakTnpimy, anopovmaon
nAacpidiakol DNA ano Tuxaieg anoikisg
Kal avaAuon Tng VOUKAEOTIOIKAG aAAnAouxiag
TOu, NMPOKEIMEVOU va eniBeBalwBei n napouaia
NG EMIBUUNTAG HETAAAQYNG

Anodiata&n, uBpidonoinon
Kal ENEKTACN EKKIVNTWOV

EIKONA 6.3

MoAAanAoi
KUKAOI
anodIaTagng,
uBpidonoinong
Kal ENEKTAONG
TWV EKKIVNTWOV




KAwvoTtroinon o€ BakTnPIOKA TEXVNTA XpwHoowuaTta (BACS)

y

/

BAC vector

S1 nuclease

Adaptors

DNA fragments

7X10% TpuApaTa ~ 2X10° bp

—> AAMANnAouxieg

XapToypdaenon
BAC KAwvwv
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Map construction - BAC fingerprinting

Sequencing of DNA ends

\\! |

Restriction sites

- 10-20x more bp in BACs than in the genome for map
construction (Arabidopsis — 20 000, rice - 70 000)




(a) Probe the library with clone A1

Chromosome walking. ABCDEFGHI1J

a oo oo
0000
L=
o008
o000
o o0 o

(b) Probe the library with clone 14

ABCDEFGHI J

2o 000000
o 0000
0000
ooo8eo
o0 000
o0 oo




»

Figure
Fluorescent in situ hybridization.

' s

10.20

Dividing cells
with metaphase
chromosomes

Chromosomes
become
denatured

% Add the probe
Signal from probe \
|




Minimum tiling path
= the lowest possible set of BACs covering the whole sequence

physical map arrangement and mapping and clone selection

- by restriction fragment analysis
- using terminal sequences and hybridization
- by hybridization with markers with known position in genetic map
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Large DNA A yovidiwpa (Shotgun sequencing)

J fragmentation

50%

/ / \v‘ / emavaAauBavouevo
\ 7 l 5-50 £TAVAAWEIC

J sequenced

CACGTAGCTATACG

Assembly of CTTACACTCCATC
overlapping

DNA sequencing GC TATCAGGCTAGGTTA|
{

Assembled GCTATCAGGCTAGGTTACAGTGCATGCATACACGTAGCTATACG

sequence




Identical repeated

. sequences .

molecule

Sequence 1 Sequence 2

Sequences 1
and 2 overlap

2

l Sequence assembly

I Deduced DNA
sequence

One problem with the shotgun approach. An incorrect overlap is made between two sequences that both terminate within
a repeated element. The result is that a segment of the DNA molecule is absent from the DNA sequence.
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_=—_= Whole- genome

“=-_" shotgun reads,
including next-
gen sequence

Combine overlapping whole-
genome and BAC-derived reads

Assemble clone
sequences to represent
chromosomes and
annotate using Ensembl




(f) The QBot moves to the
front of the hotel. The first
384-well plate (plate 1) is
gently grasped by the plate
gripper, and removed from
the hotel.

) The picking head is moved into
psition over the X/I/C tray. Because

le plate has already been scanned. and
le exact locations of suitable clones

etermined,  the  picking  head
nmediately begins picking clones
om the tray. One by one, each of the
6 pins is fired into a different colony.
er penefrating a colony, the fired
is quickly retracted. If the
istrument is properly calibrated. most
not all of the pins will hit the proper




Autoparn aAAnAouxnon

DNA isolation Sequencing reactions

Fluorescence Excitation
Detection Window

CCD Detectol

computer

pillaries
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Power Supply




AutopaTn aAAnAouxnon

48-capillary array

Run Time (minutes)

Cathode
Plate

48

Lane Number

103 Kb/day



The History of DNA Sequencing Technology
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Cost to sequence a human genome (USD)

$100M = IIII|IIIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIII—O:
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Meiwon 100 xINGdES popEg
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$10k

$1k
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Mérpnon Twyv emmmédwv MRNA EIKONA 13.1
ME OTUTTWHO KOUKKIidAG Kal uBpidotroinon. '

Movidio 1

[ovidlo 2

Movidio 3 Gene 2=Gene 3X2

Movidio 4
Movidio 5
Movidio 6




DuaI0A0YIKAG 10TOG
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AvaAuon pikpoouoToixXiwv DNA

Mn nohAanAaciaZépevol avBpdnivol IvoBAdcTeS
‘\r Y 'J (Blatnpolivral oe kaAMiépyela anouoia opou)

L

MpoaBiikn opol Kal endaaon,
Afyin SerypdTwv O SMBEK XPOVIKEG OTIYHES

Anopdvwon mRNA kal npoodiopiouég Tou npoTUnou Tng
yoviBIakrg EKQPaang HE T XPon HIAg OTIKTTG HIKPOGUOTOIXIag

aouyxpdviota
acuyxpdvigra

24 hr

IL1g THBED
FGF7 Factor III
FGF2 Factor IIT
FGF2 Ev300nAivn 1
Evdo8nAivn 1 PLAUR
s PAI1
Avayévvnon gniéniiou PAI1
PAI2
JE =g g g = =
- NT 0o a n o TFPI2
p57Kip2 MAEn Tou aiparog
p27Kipl
p18 kataoToAéag Tng CDKG
MNpwTeivikn Kivaon opola pue TRV WEEL
LBR
PBX3

hSIAH1 CALLA/CD10
PCNA VEGF

PCNA VEGF-R
DNA Tonoloouepaon 11 a SDF1
DNA Tonoicopepaon 11 a FGF2
Madp2, npwTeivn EAEYX0OU TG piTRONG FGE2
CENP-F MCP1
RRM1 L1p
RRM2

b(E:)
CCNA .
CCNA Ev3o8nAivn

a-ipnopTivn ®oupivn
cocz cox2
CKS2 Ayyeloyéveon
CCNB1
CDK7
EST AAD16305
ID3
D2 MopEg KATaoTOAN Doptg enaywyr
CTPS >8 >6 >4 >2 1:1 >2 >4 >6 >8
KukAlvn D1
MKI67 KAigaka nou anaikoviZgl To BaBud enaywyhg 1) kataoToAlg ka8e
KUTTAPIKAG KIKAOG yovidiou oe k(TTapa nou éxouv BIEYEPBE] e opd o oxéon Pe TO
ka1l NOAAGnAaoIaopag enineda éxgppaong npiv and T dityepon

aguyxpdvicTa

16 hr
20 hr
24 hr
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CONCEPT: RADICAL INITIATORS

0 Chemical bonds can be cleaved in two ways: Heterolytically (ionic cleavage) and homolytically (radical cleavage).
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Ionization and Fragmentationin M.S.

Ionization of Pentane (Electron Impact)

.‘ 3 ° o.”




Ionization and Fragmentationin M.S.

Fragmentation of Pentane
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Ionization and Fragmentationin M.S.

Mass Spectrum of Pentane
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(@) MALDI-TOF mass spectrometry

Paths of ionized peptides Sample matrix

mass-to-charge
peptide

High
mass-to-charge
peptide

(b) MALDI-TOF spectrum

100
Peptide peaks

1500
Mass-to-charge ratio

Relative intensity (%)




Unknown protein
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Protease l digestion
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-
Search l Database
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Digestionl Simulation
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MeTaoXnuaTiIopog o€ ONAACTIKA (TTOVTIKOUG)

Ytmrepwoppniia

Mponuprveg

Yno peAETN
yovidio

— il

|

KatdAAnAol utrokivntég
EtepdAoyog avaouvdiaouog

ARWnN yovIdonoINuEVWY
wapiwv anodé Touc waywyouc

\
\i Frovigonoinuévo

| wapio
,,//

Mikpogyxuon Tou eEwyevouc 6
DNA gTov &va nponupnva

MnéTa nou xpnol-
HOMOIEiTal NPOKEI-
MEVOU va aoknBei
unonieon kai va
oTraBegponoinBei To
wapio kata tn diap-
KEIQ TNG MIKPOEVEDNC

f

EIKONA 6.14



Mpoiov PCR nou
UnodeIKVUEl TNV

napousia TOU — ' ===

diayovidiou

EIKONA 6.14

EppUTeuon Twv epBplnv

O€ OpHOVIKG OIEYEPUEVN

BeTn uNTEPA
(OppovIKA BeparTreia -
AlaoTaupwpévn
ME OTEIPpO APOEVIKA)

AvaAucn Tou DNA Alaowupw'on svog' 1I5puTH
TV anoyovev ME KavoVikd 8nAukad (-/-) kai
g€miAoyn (+/-) atroydvwyv pe PCR

Uiy Mg g NNy By By 1

Etepoluyn occipd -1 (+/-)

l



Metaoxnuatiopog o€ ONAACTIKA (TTOVTIKOUG)

}
ApoevIKd (+1:) X Onhud (+1)

}
GEANCE N CON SO D)

1 \V/j

-x (--) —> (+/-):(-/-)=1:1 (PCR)

((#4) X (1) =) (PCR)
1
(+4) X (+14) —> Oustuyn oeipd

EIKONA 6.14



‘EvBeon yovidiwv pe opéAoyo avaocuvduaouo EIKONA 6.17

AvOekTikOéTNTA EvaioOnocia otnv
ot1o G418 YKavoikAoBipn

) neo | M OETIKA - ApVNTIKA

‘ €mAoyn

Mn ogOAoyoG OunoAoyog
avacuvouaopog avacuvduaouog

\l \/

lneo ]  Jlak( O 0 Tneo]
A X X
/AR Y/ Fovisio |

l l

— bk

0//] I e /s Y/ /A

Tuxaia €vBeon: >TOXEUMEVN EvOeoN:
KUTTapa avBekTika oo G418 kai KUTTapa avBekTika oto G418 kal
guaiobnTa oTnVv ykavolkAoBipn avOeKTIKA oTnV ykavaolkAoBipn




VIETAOXNMATIONOG O€ ONAACTIKA (TTOVTIKOUG EIKONA 6.16
M£B0d0g BAACTOKUTTAPWYV

Q 3
& ) % MaUpa TTovTiKIa

Ta novTikia {suyapwvouv
kal ano To BnAukd AauBa-
vovTal ol BAQCTOKUGTEIG

BAaoTokuoTn

H BAacTokUoTn HETA-
@EpeTal os €va TpuPAio
Petri e BpenTIKO PECO

EcwTepikn kuTTapikn pala

Anoudvwon TNG ECWTEPI-
KNG KUTTapIkng palag

Enidpaon pe Bpuyivn,
WOTE va dlaxwpioTouV
Ta kUTTApa

KaAAlEpyela og BPeNnTIKO HECO
ENIOTPWHEVO PE TPOPIKA KUTTApPA

Toooa (S MeTaoxnUaTIOPOG €TTIAOYH



MeTaoxXNMATIONOG OTA ONAQCTIKA (TTOVTIKOUG) EIKONA 6.16
M£Bob0g BAACTOKUTTAPWYV

(IvoBAdoTES) Tpogika
KUTTapa

l

@\ Eveon o A6 Aguko OnAukéd

KaAAlépyela anouoia
TPOPIKMV KUTTAPWV

|

Ll e

Neupikd  Muikd KuTtrapa Mehavo-
KUTTapa KkUTTAapa  Xovdpou BAdOTEC

Ep@urteuon
o€ 0T uNTépa

X A\egukd

Ka)\)\lspysla napouagia TPOPIKWV KUTTAPWY
Ta kuTTapa diapoponolouvTal (Ta kUTTapa O diagoponolouvTal) XIMEPIKOC MOVTIKAC
; Frapiteg @ O oJe
v
MeTaoxnuaTIoNOG EriAoyr patpwy atroyovwy (sTepoluya)
EmAoyn ~103 v

Ouoduya




2UOTAMOTO EKPPAoS OlayoVvIdiwy

® > UOTATIKA O'UO'TI"]}J(]T(] ZuoTaTIKOG YTTOKIVNTAG Fovidio (YTr. AKTiVNG)

® E'ITGY(DVI[JG O'UO'Tr'"JGT(] Etray@yigog YoKIVNTAG Movidio (YTr. Hsp70)

e |0TO-€10IKA OUCTAMOTO LAl TT RGOS Movidio (GAL4)

* ETraywyiya cuotAparta ye eEAeyxouevn Ekppaon (Zuotiuara Tet-off/on)




2uoTAMATa I0TOEIOIKNG EKPpaong (GAL4/UAS)

enhancer

Tissue-specific expression Transcriptional activation
of GAL4 of gene X
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2UOTAMOTO XPOVOEIDIKNG Ekppaong (Tet-off/on)

TetO

ETaywyéag @
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—6> Tet resistance
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