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Genome of a particular genes or gene fragments of the
study or application of this gene (or fragments) as the

target gene.
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DNA)
cloned DNA in vitro
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To insert the carrier and into the host cell's genetic
replication
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AFEF ALY, AAMADNA+ LA X ART
EHEFAN, BARAREHER
O 4%+ 45 coding sequence
O 3 % %5 5 #] non-coding sequence
O +8 4 4 7 regulator sequence
LARAALEAL
O & s 47 intervening sequences
O %% 4575 repeatsequence
(rabhAatNrARATHE GrslmAML, o
I Holt, BRIXEAAXAASEAN. | o
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Chromosome

: Genes :

DNA dnubm

ragirfatory ONOME introns
SogIronce

l DNA Tramscrniption
i
l RINA Splicing

RNA °
L

L Transiation

Protermr ﬂ'
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ATG = Translation start condon TAA = Translation stop condon
|Encodas methionins) ¥E{i

T=Thirmine A = Aderine G = Guaning C = Cylosee




i9] i§ & #] intervening sequences

Pre-mRNA
5 Exon Intron Exon Intron Exon 3
5 Cap : Poly(A) tail
1 30 31 104 105 146
Introns excised and
Coding exons spliced together
segment
s
{ \
mRNA |5 Cap | i Poly(A) tail
/ 1 146\
Leader Trailer

The long DNA template of one gene contains long
stretches of a nucleotide sequence that DO NOT i
CODE FOR ANY PART OF THE POLYPEPTIDE. These 1| | .
nontranslated portions are called intervening '
sequences or introns.
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*» Recombinant DNA technology

BBAGERAKR*DNA Q- FH#TEH, AETHAH
FENS R, FRAMABFTY EIo%3h, L HE %
DNA>F @G AT#H N

In accordance with the wishes of the people in vitro of

recombinant DNA molecules, and then re-import

molecular receptor cell to cell in the propagation and

large number of copies. . il
€N i T
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& 4% 4 4 (Procaryote)
-AAAR), TAALERR (RFrBAavk
® )

A 4% 4 4 (Eukaryote)
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Test nudek:
: "II_I

START WELLS FILLED
WITH SAMPLE

1 . ;-

L
A
+ . Electrophoresis |s performed, udng 7
radivactively labeled markers as a "
size guide in the first bane. |
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# 2 cDNA 2 &
construct cDNA library

EE TV
construct genomic library

AT A A
Synthesize DNA in vitro

Retb#4 AL
Polymerase chain reaction,PCR g m ME__“'
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. £ B X A& (gene library) s 4
1. =3:

KX #HDNAx &, R{&EAN4 645 RADNAKDNA
hBEHESHRARAKSTALS, LB talh, #E
B2 ENHFLE RN AT ORMAEGE(RELY
R), FHAEEREGARGELANA L HGERA XA,
2. 4R

s & DNA & £

& ——
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3. R AR XA EAREA

e RBRARTEERADNA, 4 &4E& K GDNAKF K&,
KA X B 7 HGMRNAHF & 3% £ & cDNA

*DNAr B XDNAr B H G H AR B GRALEN AT
41 DNA

“ TUDNAR LB LM RPN OREEP LAY

SR EARE LGOS
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Library construction
¢DNA libraries and Genomic libraries

Tissue —_I_

mRNA DNA
¢
'cDNA Partially or completely

digested DNA

. Ligate DNA
- = and vector " .
cDNA libraries i ' -~ Genomic libraries

Introduce ligated vector/ target DNA inte E.coli ( in vitro packaging or fransformation)

l

Titer and characterize library
|

! !

Screen for desired clones Amplify for long term storage

200943 H L M N S L



4. # £

cDNA x &

L Hax &

DNA x 4 (cDNA library) |

C REBEIN A+ WA LA AT G42FEMRNAL & 3
222G DODNAr B sl 5 Ak&kArETa, #aTE

HEARET, Azt h A RAAGDNALA
(C-x4&)o

KAt (KER) @G423EmRNAE 7|

LA 48 42 ba o F- 1
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A cDNA library is a collection of cloned cDNA
(complementary DNA) fragments.

cDNA is produced from fully transcribed mRNA found in
the nucleus and therefore contains only the coding regions

of an organism.

the libraries lack information about enhancers, introns, and
other regulatory elements found in a genomic DNA library. _
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Formation of a cDNA Library

]

S Teolate and collect mERIA REyveree

e
i

transcriptase

RRA DA

Inzert info
bacterial
plasmids

¢ o O

= ;
Inzert plasmids

-,. into bacteria {:::J
Izolate plasmid
and
purify DMHA
L
A C G cTEECTEACTTTA
Sequence TCCT AT Tae

b

]




*cDNA is created from mRNA with reverse transcriptase.
Process

LA poly-(A) tail can be used as a primer site for reverse
transcription.

L Several methods exist for purifying RNA ( trizol extraction
and column purification) .

O oligo-dT and random primers can be used with reverse
transcriptase to create cONA templates.

URestriction endonucleases and DNA ligase are then used to
clone the sequences into bacterial plasmids.

The cloned bacteria are then selected , commonly through the
use of antibiotic selection. Once selected, stocks of the f "...;gff o
bacteria are created which can later be grown and sequerxced e
to compile the cDNA library. L W
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£ ®4a x4 ( Genomic library )

REJER L ARG ARAADNAARA H A4
XY EH A—~2 KA AGDNALKE, A S
AEHEARARNTAAB N MEGR @O KTG
MRy E, IANAFARKHA LD EARALE,

tawvRorFTAAGaGEAAFRE L4 4643
A&,

REkufttHha2f AR aqs7
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» Gene library carries a DNA molecule that was inserted into a
cloning vector.

» all of the cloned DNA molecules represent the entire genome
of the organism.

» A gene library is also called gene bank.

:Ii

£ Tl
. . 1
" il

] L.
~ NREREEARE I el
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The DNA molecules of an organism in interest are isolated.

The DNA molecules are partially digested by an endonuclease restriction
enzyme. the DNA molecules are digested to different lengths of time in
order to ensure that all the genes have been digested to manageable sizes.

The digested DNA molecules are run on agarose electrophoresis for which
a suitable range of lengths of DNA pieces are isolated and ligated to vector
plasmids.

99% of the genes will be incorporated into the plasmids.

The plasmids can be taken up by suitable

The process of subdividing genomic DNA into clonable element and >
=il

inserting them into host is called creating a library, a clone bank or agﬁe e

bank. A complete library of host cell will contain all of the'genomic DNA of -v-i"

the source organism. £ N b Tl
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Types of Gene Libraries
Plasmid libraries § 42 x &
Have a capacity of 10 kb.
Phage libraries*% & & x &
Have a capacity of 23 kb.
Cosmid libraries# 4 x & :
Have a capacity of 45 kb.
Yeast artificial chromosome (YAC) libraries A L. &, & X &:
Have a capacity of 1000 kb.

Vectors Plasmid phageX cosmid YAC

msert (kb) 10 23 45 1000 ¢
i a2 "= |l

NEEREERRNEY:
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(plasmid)

TS EE DN
PR FEYR- LR
BAG. A KEL4H.
B 2% Ao F NG IRKK
£ DNA 2> F o

JE g ES, A
%o HNREWMEH
e, HNBGR LY
N#&T&A100040, =
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20

Plasmid Insertion

Gene for Foreign DMA with
antibiotic gqene of interest
resistance plasmid

Cutting sites
=+ for t:ndunu[:lease

stic
ends
]-'h_smatch \
Desired Mismatch

recowbinant
1 d
plghnd Bacterial
Chy omosome
Recombinant
plasmid

|HunmﬂW

AFEF



v F K (phage)
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n—4 S
1. AR 2. AEER DA 3.
AR DMA PIEIEERE: 4. BERE
irsre R E, FEEEE.
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A% % 4DNAY i 42/3¢ 4

7 A ¥ i & & % (central gene
cluster), 4z F & 5% 9 A DNA

L. 8. VEARagPiqik

& % & 7| T 3% 5r & DNA &+ K

R, OFRLoaLAERB Ll A

7t A H B HA o

@ )Y ARKARTH R15kb-

23 kbeg s BDNAR B, A
RAHELT, VAEAERE =
B FAtark, AAHE |5
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Target DiNA

Clges: with

5 ) [i——
rectrictian er?yia re—

DA recombinaion,
packacing, assemaly

/
?,ﬁ.
|

A\ Y »

Preparation of the genomic library using | phage vectors. It is
basically the cloning of all DNA fragments representing the entire
genome.




FT&7 45 (cosmid)

—fP AT H 6 LK
@, 4 TAEGRG
cos & &
MR B CEF A
EABRLETFT P, AR K
At
# B EE % gDNA
Y EXYEE RS L
H % X
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COS site

,e\\)l’:‘c:dylinker

e e
e eSS Y
e S S S

36- to 46-kb genormic
/&u resiriction fragments

Cosmid vector

(=5 kb long)
Cut cosmid vactor in polylinker
with restriction enzyme
Ligate cut veclor to
DMA fragments

Subject to 4 phage in vitro
packaging to insert DNA
betwean adjacent

COS sites into A heads

Recombinant
: cosmid virions

Infect E. coli calls

T

E. pali chromosome Cloned genamic fragment
in reconstituted plasmid

T
-

This procedure has the high efficiency associated with A phage cloning and !
permits cloning of restriction fragments up to ~45 kb long. In this example, "
four different types of recombinant cosmid virions could be generated, each

carrying one of the genomic fragments indicated by different colors.

&VUVIT 9/

-
Select for ampicillin- ;
resistant colonies |a r
¥



Cosmids, Phages, and plasmids as DNA carriers

Host
Insert size

Entry into Cells

Efficiency

Outcome

Appearance of
infected cells

Application

Bacteria
Up to 45kb

Infection

Multiply

Colonies

Phage

Bacteria
~23 kb

Infection

Multiply and kill

Plaques

Plasmid

Bacteria
~ 10kb

Transformation

Less efficient

Multiply

Colonies

Cloning



O#AEATLE A (yeast

artificial chromosome,
YAC)

EHAzAHAT. LA
1% 5,94 BT fh ba 8 Fo &k A
LR X R Y

YACT s # %£100-1000 kb
# 5F BDNA R B, #£YAC
BAAL LR @At AL
BorFLAAuwETLI A

200943 F|

EcoRlI
cloning site

URA3

' © TEL
BamHl BamHI
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EcoRlI

c|unin.g sjte YACs must include:
- centromere sequences (CEN)
cEnd g1 Ey
ARS1 - Telomere sequences (TEL)
TRP1 % fa

URA3 - Autonomous replicating
sequences (ARS) for replication
in the yeast nucleus.

Amp
ori

- Ampicillin resistance for

TEL TEL propagation in E. coli
BamH|I BamHI

== v E ||

NN ERENY

200943 A TERBRFEFR



EcoRlI
cloning site

BamHI and EcoRl digest

TEL TRPARSCEN

TEL TRPARSCEN
= |

200943 F|
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2B aDNAX A G/ T4

— ARG LAADNAXAE AL TH 4
# .

s TUABRGERRAR TR, UALFALT
6 & 2

» RARGERTRBATFARGELE, B4
ARAEL>BALE

s AR LHAEZALAGARDEKAGE R
B, A LEHA

s REABITFARARL>FLAEHST

« THAMRRAEEE. PR, BR . Sl
) “ e ||

200943 4 TERBARFEFK



cDNA Library vs. Genomic DNA Library
A cDNA library lacks the non-coding and regulatory
elements found in genomic DNA.

Genomic DNA libraries provide much more detailed

information about the organism, but are much more
resource-intensive to generate and maintain.
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Advantages and disadvantages

Genomic Library cDNA Library

* Relatively large *» Relatively small

*» Relatively easy to +» Difficult to construct,
construct many steps and reagents

< Contains non-coding % Contains only transcribed
sequences sequences

» Better for organisms lacking « Useful in understanding
introns (prokaryotes)

*» Useful in sequencing F
genomes o

gene expression
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DNAKR X A¥E 6 F R

“* $a 4 ERNA ¢ # R 4emRNA ¢ 9 %

< % — £DNAL &,

“ % = £DNAL & |

“ RADNALBE A A4 KL GARAA T AR 2
¥

= R IR EET

THEXBAFEFR
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cDNAZMRNA A # 45 4 & £ & & a4,

In genetics, complementary DNA (cDNA) is DNA
synthesized from a mature mRNA template in a
reaction catalyzed by the enzyme reverse
transcriptase.
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A 4% fa LMRNA 6§ 2~ & Fo 4. 4L

o & K A A ERNA

% 2 F Fo s 4LmMRNA
mRNA 3’3% ffpolyA &, Aoligo-dT &
¥ F Aot 9 F #.4umMRNA

CAP 5UTR CDS 3UTR  pelyA
() e T ¥ Vo |, 4 ) A A i
..-'f"'—_ al
/ el

| m ME:HHI
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m
. P TTTT
4 @ - il G

=9
/"'}F\N TTTT
% a TTTT

Mixture of cytoplasmic RNAsS

Mix under
hybridization

RINA Cligo-dT matrix

conditions

B o e = A A A A AN

i 111
@ TTTT
@ TTTT
B e e A A A A A A,
R 4 d
TTTT
TTTT

Wash away rRNA
and tANA

Elute column
in low-salt buffer
B —— e — AAAB AN

hpa?—‘*P‘LHP\

/

)
Purified mBMNA preparation

RNA : ribosomal RNAs
(rRNAs) . transfer RNAs
(tRNAs) and the much less
abundant mRNAs (red) have 3’
poly(A) tails, which hybridize
to oligo-dT covalently coupled
to the column matrix.

After hybridization, the rRNAs
and tRNAs are washed out of
the column; then the mRNAs
are eluted.

The resulting purified mRNA
preparation contains many
different mRNA molecules
encoding different proteins.

tHERBRFEF
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wasnes IR

i w1 TTTTTT
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Reverse transcriptase, also known as RNA-dependent DNA E‘J
polymerase, is a DNA polymerase enzyme that transcribes
single-stranded RNA into double-stranded DNA. It also
helps in the formation of a double helix DNA once the
RNA has been reverse transcribed into a single strand
cDNA. Normal transcription involves the synthesis of RNA

from DNA.

Reverse transcriptase was discovered by Howard Temin at
the University of Wisconsin-Madison, and independently

by David Baltimore in 1970 at MIT. ;,.,—_,
The two shared the 1975 Nobel Prize in Physiology or e
Medicine. 111k
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LYSE CELLS AND

‘t.i-ggue FURIFY rmiEMN&
(e.g., brain}
. i / SI
—_————— e e e BB

HYERIDIZE WITH
FOLY(T) FRIMER

5|
———— e MAAAAAA
MAKE DA COPY WITH TTrrengy
S REVERSE TRANSCRIPTASE 3 3
3

TREAT WITH ALKALI

3 TO DEGRADE RMA

2l end of
cDMA forms SYMTHESIZE & COMPLEMENTARY DHA STRAND
hairpin 1oop USIMNG DA POLYMERASE; BEASE-PAIRED 3' END

L ALCTS AS PEIMER

/‘\\A s s AAA
/\J/\J/\_//\/ TTTTTTT
TREAT WITH SINGLE-STR&ND

DMaA NUCLEASE TO CLEAVE
HAIEPIN LOOP

double-stranded cDMN& copy of original mENA

N AN A AR
s 'qij\\TTTTTT;

5I

©199% CARLAND PUELISHING

on oligo dT column

Reverse transcribe
the mMRNA to DNA

Second strand
synthesis of DNA

Il_r'

{-,%"
I

[ ol

Result: ds DNA copy |Tr

of the mRNA
LR EAYE ¥R



oligo(dT) 5] & € DNA A A, ik :

; M @%"-’*-) t"
> #l A A ZMRNALF /A LA ﬁ&poly(A)@E. _
)i]2-20’i\%§4}1@££‘3?9i#2-‘Ei‘-éﬂﬁ&,frﬁollgo(dT)%_z}?
B, 4% EahsomcDNAG % —4,

. = N ad e : 5,_ *"%, w
> drfG:. EHFEHEALEF EMRNAS>F ¢ .
5ﬁ§3’—$iﬁﬂ'£&é}ﬁ%CDNAo AFARLFETHEHEL
#HMRNA>F &5, # 5 AM
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G 2'PPrD 6

cONA S —§E

THEXBAFEFR
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B A 3| 49 3| 5 €9 CDNAS- & ik
(randomly primed cDNA synthesis) .

SCREFASTRGAT], 2L I0NBHEBRLG A
H@eERrE (REe5H) , AL AFE —4#4cDNAG 3|
# o

CAERXMNRASI WGE AT, (DNAGAATRA
MRNA# A §if 3 L AM L 4E, &FLMAA3-KRi%
tgoligo(dT) 3| ¥ — &L F 4 -
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% = 4 cDNA & A &

< c(DNA% = 4 9 4 a3t 2 4& £ — ¥ 45 & 6 mRNA-cDNA
R4 T A& LA X4 DNAG it 42,
“» DNA% =g o X9z ik
G-I N
B #®eAk
7| F 4 A ik
3| 49 — #1 4 3k A Aok

NEEREERRNEY:

THEXBAFEFR
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fI & 5§46 Ak

£ R L4 DNA3H LM XL X EHGR D, ik

WAL =X GTH, A XBITH R4 Klenow
XEEZHGEAT, 4 DNAGF =4,

& HAASIE B EE | CDNAG L 2Kk &EH, &
F 32 FmMRNAS s F @A LA kAT
o SIEBEBHRXETR D, 248 RBINAKG K

4 cDNA S F
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B 3 T

AN T 7T AT
I ————————————— o O T T N R AT R R
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B ko ik
# 1% 69 4. cDNA 555 & A Just a8, K42 K

& 3. | '
YA % — 44 A~ #cDNA: mRNAZ % 44 76%{7 o %
% G AE AR, RNAﬁrHﬁ.%iﬁﬁémRNAﬁlﬁﬁk%ﬂl
fotho, 24 —4%7RNAZ |4, A X454 GDNAR A
8| 9 A T4 cDNAW & =4,
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LR: a) A icDNAKIIERS
b) BEREFAAHE—HEMRN=Y, AEdd
¢) B 5 FH STZ BR g Sk 1) 31 A BE cDNA

G Sppp b B

FMaesH DNApol dNTPs
1 ARARATTTOR I

e TTTTTTTTTTTTTTOH 3

AAARRRAAMALA DAL &

T4-DMNA ligase

TYTITITITITIIT 3

KTABAIA AR RKRZEZ AN EK R A 5
e ey Rl e i g ey e gl el g e b 5




iRt KAGRKADNAKREGR LGS # A
7

= L".\'.'l\.'|_'::-\-‘:
&% e ]
& Y
I 3 ek
= %,
= £
l.%ﬁ
T a. T 5
LrLy-

5™
= i~
=

8 H'ppp'H G
3 HO
TdT dCTP
G 5ppphHiG y BARRRCCCCCCCOH
3 HOCCCCCCC me—— 1 Tp b

MNaOH

3 HDCC CICC I ] T T T

r i

[ P o T TR D
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3| ah-#7 4% 3k ok

LSk f%:? <k

S S cDNASE —EE5S R
57 VELsHY mRNA
\/\/VVVVV\N\/VVVVWVAAAAAAAAAAAAAMM“
cDNASE —EE - -t TTTTTTTTTTTT‘rC‘q
G
RNAREH 7k fig. 3 A o i C
RIS REEmMT %,
cDNASE —HE R38R -@Q
4> Ccccceccecee (T),CAGCTGAGG

B 54— k515
cDNASE — 55 B9& R Jrin
A S e B B 35 Y PR il B

5* P =S HIL inker .

GGAGTCGACGGGGGGGGGG 3o > » (A) BTCEACTCCE]

CocroAatrglccccecceccece TCAGCTGAGG

g 5’7

Sall
GGAGTCGACGGGGGGGGGG CYee P
: (T),.CAGCTGAGG Rl
LA 5 Bl g ) 20 SO Tl
cDNAFR IR & E IR
pTCGACE), (A}, G s
G(Ch (T} CAGCT, I‘
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2' polyiAa) tail
mANA &' T AR 3
@ Hyb ridize with
oligo-dT primer
[ JAAAA
TR
-LZ‘E} lTranmribe- AMA into cDMNA

C JAAAAY
TT——— g o e oy

73 Remove RNA with alkali
2| Add polyldG) tail

Singla-strandad
cDMNA FEeee I TTT TS

o Hybridize with
':-i-:} J, oligo-dC primer
5 e
gl L i 1 e

@ . Synthesize complementary
strand

5 Sy coc e sl A B B :r'.'f.‘_-_:i:'.-.-:: 3"
Rt cdivefed = E— ik i

1s used to produce
cDNAs corresponding
to all the cellular
mRNASs (steps 1 -3 ).
These single-stranded
cDNAs (light green)
are then converted
into double-stranded
cDNAs, which are
treated with EcoRI
methylase to prevent
subsequent digestion
by EcoRI (steps 4 —
6).

e
-



@L Protect cONA by

" - i R The protected double-
uble-strande
cDNA 5'CCCC JARAR S stranded cDNAs are
FGEE6——ITTTTS : .
. ligated to a synthetic
EcoRl igm C’ | double-stranded EcoRI-
A . .
GAATTCO i inkars
e H ~) Ligate cDNA to linkers site linker at both epds
- and then cleaved with the
CIG A ATTCCICEEE WGAATTCO

DeTrascbesea———7T rTrOeTTased  corresponding restriction

‘LCIeam with EcoRl enzyme, y1eld1ng cDNASs
| with sticky ends (red

j’h " eOceee—rTTIOCTTAR }etters); these. are
Sticky end @L Fﬁ;f;;fﬁ,ﬁg 1nc0rporat§d into A >
L Infect E. col phage cloning vectors, — #7 =
Individual & cDNA clones and the resulting 2 :

recombinant A virions Enll
are plated on a lawn of E. |

; Fims
— coli cells .
2000£3F FHREAYE SR

ey




2' poly(A) tail

MANA 5 ] AT 3"

CD Hybridize with
oligo-dT primer
o

ST
(Z) | Transcribe AN into cDNA
V

C———JAAAAY
= e o LN
@ Remove BNA with alkali
Add poly(dG) tail
Single-stranded i
cONA ot il E—— R e
@ Hybridize with
oligo-dC primear
sV
¥ il it i i
@ Synthesize complemeantary

strand
L d

BICCCCC—JAARA Y
k¥ ciic fs e S b v e

Protect cDNA by
methylation
CHz o

Double-strandad
cONA B'MF

fc Y C i o o T — i

CHy
EcoRl linkaer
e Ligate cDNA to linkers
OEANTTCE CIGAATT G
OcTtrTAarcOsccacC—— a7 TTTOC T TAAGO
l Gleave with Ecol
AATTCOCCCC— TARNALIG
sOeeeeC—— 1T TTTOCTTAA
f Ligate to 2 arms
i =)
sHugheh a Package in vitro
Infect E. coli
Individual & cDNA clones
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cDNA 5 & & 10 &
A cDNAL 4 H—ANKAE AT, 4 4 5%
AT K% Lladd, fpAEaDNA

2F o
L_Digﬁs:‘c with EcoR|
S—, Ly !
Ea-n-ﬂa_mmﬂ 1 Ligate

lirmlr=e
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FN& £ fa ko
TURA—REHRTINB L QBB RARNREE.

Independent

+ g_<"' plasmid replication

DMA fragment

to be cloned
Flasmid vectar

Enzymatically insert
DMA into plazmid vector

Recombinant plasmid

Mix E. col cells with
plasmids in presence of
CaCl,
| Culture on nutrient agar
Bacterial plates containing ampicillin
chromosome

Trians!-::\rr_ﬂeci Calls that do not - -
E. col cell survives take up plasmid die ‘C@iﬂﬂ‘f of cells each -c@nt&iﬂizng CDF"FES

onampicillin plates

| T ; .
200943 F of the same recombinant plasmid ¥



fka@ia
"R Kk
cDNA % % (4 2z 3% &4 52)
o AT o A A
2% (DNA#4)
R 2T
Pu ik
% Ay 9%
4
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fi-Galactosidase
g : —r

!
& promoter EeaRl
: Digest with EcoRl - Remove filter
_ ~ ) i Froteins bind m mtm-c&ljulcrs&
+ Ligate
Ercokl cOMA A | Incubate filter with primary antibody
linker ' Wash filtar

Fusion protein Incubate filter with radislabeled

= 25 | | sacondary antibody
-:- - 1

Labaled

EsmRI Erafil 5mndaw,_-— AR i ;
' : ; antibody & - . %y Fusionprotein
In witro packaging : A bound ta
Plate on bacterial lawn Primary- Antntn::dv Pdam.ﬁﬁ nitrocellulose
T antibocy specific plaques

| Perform autoradiography

| Qverlay nitraceliulose filter

200943 f TEXBRFEFR
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f-Galactosidase
[ - 3"

lac promoter EcaR|

| Digest with EcoRl

" 000 LT

— ’1 Ugate

EcoRi  DNA
linker

EcoR| Eeoil

In vitro packaging
| Plate on bacterial lavn

Owerlay nitroceliulose filter

» nitrosellulose

Incubata filtar with primary antibady
Wash filter

Incubate filter with radiclabeled
_secondary antibody
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Synthesize DNA in vitro

AER

ACCIAAGITAC TTT
ACC|AAAITACITTT
ACC|AAG|TAC TTC

_ ACC/AAATACITTC %

HIFERJDNAF ] <

——— s 1 e
ZR: Ca B ARG FTRST T XA Z o) BAERF

5 .
— A T o TEE SR
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Heat DNA so that it denatures

L
P || |
T
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The dideoxy chain termination method of DNA{’”

sequencing

= & #2 (principle)

DNA@ ¢ ¢ X# 43 2K 2 F LA-OHLA, & DNASL
w,., #OELSRT, KHANGHRABERS PHHT— B H
ey X A3 -OHL B ig = B4k dn £ o

sk o
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Deoxythymidine
triphosphate P o
(dTIF) | I
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,E: 0 Thymine
| \\|
Ca s
/

P-P-P -

Did e oxythymidin E\ ¥

triphosphate i —2(.2
(ddTIP) —hl-ll I!I
O O 5
I I |
~ == 00— PF—0—P— 00— CH; RE
| | 1 O
O O O
ddNTP 25

Ll

MUPEAEAZ =508 (ddNTP)
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5[
DNA polymerase
+ dNTPs {100 uM)

/
# II:' Ll
+Dideoxy A # +Dideoxy G| | + DideoxyT ™ + DideoxyC
{1 vy (rpm 4 (1 uM) {1 M}
—f —0 —T —
— — —T —C
A G T —(
i1 (o8 ate. atc. ete.
| \' | |
v v“; -c!;a \:];
<= Denature and separate by electrophoresis =

200943 F

o
=
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A single strand of the DNA to be sequenced is
hybridized to a 5’ -end-labeled synthetic
deoxyribonucleotide primer. The primer is
elongated in four separate reaction mixtures
containing the four normal
deoxyribonucleoside triphosphates (dNTPs)
plus one of the four dideoxyribonucleoside
triphosphates (ddNTPs) in a ratio of 100 to 1.
A ddNTP molecule can add at the position of
the corresponding normal dNTP, but when
this occurs, chain elongation stops because the
ddNTP lacksa 3’ hydroxyl. In time, each
reaction mixture will contain a mixture of
prematurely terminated chains ending at
every occurrence of the ddNTP (yellow). -'P

. T
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n=§v—zr—1= —n\<ﬂj BASE  gideoxy nucleotide

H H

AATCTGGGCTACTCGGGEGT

DNA POLYMERASE
+ 4 dNTP ke
+ ddATP

A#6GCC GCGT
e

ATGAGCLC GCGT
11

ﬁﬁEEEGﬁTGﬁGEE GCGBT

18 AGACCLCGATGAGLCC GCGT

200943 F|

LABELED
PRIMER

[Ha

35
ﬁﬁTETEEEETﬁETEEEE[‘;E|

DHA POLYHLRASLC
+ 4 dNTF

adalr ddllV

CGC A

daac il ddi=l ¢
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5’ GAGTCACACTTGAC——3' 3 B%DNA

3 CTG— 5' 3|
+ Klenow#s .
dATP . dGTP .
dCTP. dTTP
/& a -32P-dATP

INddTTP )3
25':2‘;‘;2’5‘5‘ MMddCTP 217 3TGAACTG—5' ngiiTCl;&Gm 5
3'AACTG—5' ZICAGTGTGAACTCE gggzg?é?g@AACST' 3'GTGAACTG—
YAGTGTGAACTGS'  3)CTCAGTGTGAACTG (s g:GTGTGAACTG
5 ASpERbE K. :
i NERTY-2

%
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(b)

5' 32P-TAG
3 "ATE

CTGA 3
GACT
DMNA polymerase

+ dATP, dGTP,. dCTP, dTTP
+ddGTP in low concentration

¥
5'3ZP-TAGCTGACTCAGZ

8! ATCGACTGAGTCAAGAACTATTGGGCTTAA..

==
5'#ZP-TAGCTGACTCAGTTCTCG3

3 ATCGACTGAGTCAAGAACTATTGGGCTTAA ..

+
5 3Z2P-TAGCTGACTCAGTTCTCGATAACCCGS

3 ATCGACTGAGTCAAGAACTATTGGGCTTAA .. ]

S

— s
: i

CT
GAGTCAAGAACTATTGGGCTTAA..

| 'T lill

,lﬁg 'niu |

w.i ii:l|,1l;_‘_!i=-i T !
J.u" W

L

: EEE ATTHERI 180 e
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: Sequencing
| Gel

or dideoxy method
of DNA sequencing

Click play to begin
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Deoxyribonucleoside

triphosphate (ANTP) The chain-terminator,
(@]

g Lol or dideoxy method
O o O S - o 0 :
2 0 b-o—p-0—f-o—¢ of DNA sequencing
HO O o O J
Dideoxyribonucleoside o -Dideoxynuc|eoside
, ’{'ph°f!?.~h—959 d@ triphosphates (ddNTPs) are

J

introduced into the reaction
mixture

Dideoxynucleotides
lack 3'-hydroxyl groups

- Dideoxynucleotides terminate

the growth of DNA chains
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Nucleo
triphospha

200943 A

D
tes polymerase

Tez\/plafe
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The chain-terminator,
or dideoxy method
of DNA sequencing

GNANTNCNGNANTNANTNC

- Four separate reactions are

carried out, each with a
different ddNTP

- Chain growth is terminated
when the dideoxynucleoside
is appended to the 3' end of
the chain

- Chains of all lengths ending §
with the dideoxynucleoside |
are generated -
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The chain-terminator,
or dideoxy method
of DNA sequencing

Four separate reactions are
carried out, each with a
different ddNTP

Chain growth is terminated
when the dideoxynucleoside
is appended to the 3' end of
the chain

Chains of all lengths ending
with the dideoxynucleoside
are generated

=
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The chain-fermina’ror',-
or dideoxy method
of DNA sequencing

- Four separate reactions are

carried out, each with a
different ddNTP

Chain growth is terminated
when the dideoxynucleoside
is appended to the 3' end of
the chain

Chains of all lengths ending
with the dideoxynucleoside =
are generated

|
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The chain-terminator,
or dideoxy method
of DNA sequencing

- The DNA is separated by

size using gel
electrophoresis

- The bands are visualized

by radioactively or
fluorescently labeling one
of the dNTPs or the primer

 Short chains migrate faster

than long chains producing
a ladder of DNA bands

The sequence is read
bottom to top

|

e
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The chain-terminator,
or dideoxy method

of DNA sequencing

The DNA is separated by
size using gel

electrophoresis

-~ The bands are visualized

by radioactively or

fluorescently labeling one

of the dNTPs or the primer

~ Short chains migrate faster
than long chains producing
a ladder of DNA bands

The sequence is read
bottom to top

200943 A
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The chain-terminator,
or dideoxy method

of DNA sequencing

The DNA is separated by
size using gel
electrophoresis

- The bands are visualized
by radioactively or
fluorescently labeling one
of the dNTPs or the primer

~ Short chains migrate faster
than long chains producing
a ladder of DNA bands

The sequence is read

bottom to top

a0 S> 3> Rl
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=. % 2 M % (Maxam-Gilberti )

l@‘ﬂ

&%i@%%ﬁ%&‘b%@"ﬁ: ﬁ%—éﬁ‘b%ﬂlﬂo i": ﬁl
BT e RSP AN, LS FmAkok, #FEAAMGS
RS ZE£ %k, DNA#KE RSB 563, 5-848% =gk
3o

The Maxam-Gilbert method is based on nucleotide-specfic cleavage by..

chemicals and is best used to sequence oligonucleotides (short nud&ﬁ;‘r:f?;;,a'
polymers, usually smaller than 50 base-pairs in length). =

200943 f TERBARFEFK



=. f o525k (ABI)

3 4> - j ; *@&ﬂ) ﬁia
ol 5L ETF2, 3 stx}!i.i*{%i%i _
.’fzéﬁéﬁiﬂ&ﬁ#ﬁ%&ﬁ&%iﬁéiﬁﬁ?f@é&%%ﬁ, ﬁi.
Bofb i bR HABEE Akt iinid, {i
FAHARR G HE LT é%—ﬁddmpgg»\ﬂigé,\ﬁw
DNAEL# o F Fat, 4G EN@ALALARRAEGEEL

200943 F|



f1 %0 5 % 4%

Lk ¥ 44
LA EE
it A Atk 4 4
2 # 2R A4

tERBARFEFR

200943 F|



In the automated Sanger reaction, primers are used
that are labeled with four different coloured
fluorescent tags.

PCR reactions, in the presence of the different
dideoxy nucleotides, are performed as described
above.

the four reaction mixtures are then combined and
applied to a single lane of a gel.

The colour of each fragment is detected using a laser
beam and the information is collected by a computer
which generates chromatograms showing peaks for
each colour, from which the template DNA sequence. ==

can be determined. 4 =
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5;GTACCA'3
|

Template Primer

|
J-CATGGTAAGCCGTTTAGTTAGCGAGCTCTT-5

G A Free Bases G E

G G T 6°

A
G k
A
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5'-GTACCATTCG

5'-GTACCATTCGG

5'-GTACCATTCGG® 5¥GTACFATTC-?
5'-GTACCATTCGGC# TS

9-GTACCATTCGGCA
9-GTACCATTCGGCAAR
9-GTACCATTCGGCAAA®

J-CATGGTAAGCCGTTTAGTTAGCGAGCICIT-3
e M|

NEERREERNNE b
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Mode| 377 GC8000.LIE-6.PL1(+) Sighal G:245 A:362 T:225 C:398 Page 1 of 2

I A Version 3.3 DT {BD Set Any-Primer} Thu, Mar 22, 2001 9:16 AM
PRISM- SemiAdaptive GC8000.LIE-6.PL1(+) #2_dRhod Matrix Wed, Mar 21, 2001 4:44 PM
Version 3.2 Lane 20 Points 1200 to 8256 Pk 1 Loc: 1070 Spacing: 10.02{10.02}

@&rc T"'GPAC' CGIGATTCCAG 26 EGTGET CTTTGEAATT TCCCAACT COTTTGECT Tt'AGTGu CIGATCTCTGAACTAACAARL CAGRANG AAGTC GCAGCATG GAC TTATCATTACAGC ACA]
20 30 40 50 70 &0 90 109 110 120

MMM e T e

SAMGCATACT(ATGE AATATT TC CCGTARATAC TGCCAGAATC AN TAC AT AGACT TAGT GEC CATC CAGAATARA AATGAA AT TGAT TAD C TCAATAA GETCC TAC C CTACT ML‘AGLTCC
130 140 150 160 170 180 190 200 210 22t 230

L e

CACTAC TGGATTGEGATCC GAAAGAACAATAA GACATGGACATG GGTE GRAACTAARAALG GUTC TCAC CAAC GA GEC TCA GA A0 TGEECT GATAAT GAAC CTARCAACAAAAGGAACARC GY
250 26( 270 280 290 300 310 320 330 340 350 360

e e

pGCAC TGCETG A GATATAC ATCAAGA GTC CETCAGE CCCTG AAGTEEAATGATCA GCAC TGECT TEAAGARAAA GUAC GC AT TG TG TR ACA G O TCCT @& CAGE ACAT GI'CC TGCAGE
370 380 390 400 410 420 430 440 450 460 470 480

mmmmmﬂmmmmm%mm

AR AL GGhGﬂ‘G GCC TCGAGACCAT 0GG GAACTACAC CTEC TCCTGITAC CCTGRATTC TATGE & CACA AT BT GA ATAD G[ GAGAGAGTGAGAAT T GIAGATA TUCA GCACACTE G
49() (30 510 52() 53 B4 58 560 70 o=ty 540 6800

w?owbafmzwﬂmmMMWMWMWMM\W \




OO <. 2
V\TGAGCCCAACATGAACCCTAAGCTTGAGG MCCCAAGE G
373 389 397 10

o }
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1990 47A, A% LA 4t ;
(Human Genome Project, HGPJ= :

o

—
Lodd = & - 3
s -
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A % £ & 4+t %] (human genome project, HGP)
1996 %, AT H#MNrwwetE £40.6Mb (1Mb=“-- T
N R)HALRA AL 4 A%, 0.1 Mbe 4522 B %,

20004 x A TALARAYAGHAE, ALz ARaA
GAEBERA T
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Sequencing the Human Genome

Human cell
nucleus containing
23 pairs of
chromosomes

Sequencing the Human Genome

Shotgun Approach

Genome is randomly

- . . . fragmented into
thousands of small
fragments that can

T T be sequenced.
- - - - -

Sequencing the Human Genome

23 pairs of
chromosomes
make up the
human genome

Sequencing the Human Genome

Shotgun Approach

|
I
I
I
l

CGTATCGGCG

Genome is randomly
fragmented into
thousands of small
fragments that can
be sequenced.

Sequencing of DNA is
completed and genome |
reassembled using
overlaps to align
sequences.
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Sequencing the Human Genome "ifi
$".

&,

Shotgun Approach

Sequencing the Human Genome
Shotgun Approach =

e i Genome is randomly
- fragmented into
S thousands of small
—_— fragments that can
= o o e be sequenced.

E ' Sequencing of DNA is
b, completed and genome
reassembled using
overlaps to align
seqguences.

CGTATCGGCG b

0 e ]

L
L

A

= |

CGTATCGGCG
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