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Sanger sequencing needs the following
steps:

1. Polymerase chain reaction
2. Sequencing reactions

3. Gel loading

4. Fragment separation
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1. Polymerase chain reaction
PCR

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Separate the two strands (95° C)

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Anneal two primers (55° C)

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-GATCTC-5¢

5-ACCGTC-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

|
5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
{ 3“GATCTC-5¢

5-ACCETC3S
3“T6GCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5*

X



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

|

I
5°-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

T 3-GATCTC-5°
'l‘ 1‘
G A T G
c 6 6
G ’ AT ¢ C {3 T
T C ,
5-AccGre3s | ! A T

3¢-TG( CAG’I‘I&GGC’l‘GAACCAG'I‘A'I‘CAGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA'I‘CCGACT’I‘GG’l‘CA’l‘AG’l‘C'l‘GGA'l‘CC’l‘GAC’l‘J\GCC’l‘ AGAG-3¢
m DY Aral U Valk Va3

,l‘ ‘ 1‘ l _ !; ‘I(l l(al(/ J
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s-AccGfeAgs | m=tm=f (O

3-“T6GCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢




1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

J

I'AGAG-3¢
ATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCC

. A N (36

G AT

c 6 6

C AT ¢, 6 T
5-ACCGTCAT-3* AT T

3-TGGCA "I‘AGGF'l‘GAACCAG'I‘A'I‘CAGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

l
5‘-ACCG’I‘CA’l‘CCGAC'l"l‘GG'l‘CA'l‘AG’l‘C'I‘GGATCC’l‘GALJ’l‘AG( "TAGAG-3¢

/ Dé_rgg Al U VAL Va3
- A — 3-1CEGATCTC-5

(
C G G
’ AT ¢ G T

| ) C
5-ACCGTCAYC-3¢ * A T T

3-TCGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢




1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA’l‘CCGAC'l"l‘GG'l‘CA'l‘AG’l‘C'l‘GGA'l‘CCfl‘Gl\C’l‘A( CCTAGAG-3¢

- W == C 3“AIfGGATCTC-5¢
¢ A

c ¢ 6
y AT ¢ C G T
5-ACCGTCATOC-3¢ /mmmmmdy =~ T 7

3-TGGCAGT! GGC’l‘fAACCAG'I‘A'I‘CAGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘

|




1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA'I‘CCGAC’I"I‘GG'l‘CA'l‘AG’l‘C'l‘GGA'I‘CC'I‘L}AC'I‘I GCCTAGAG-3¢

:6_*!1‘7‘:11 1137‘:_:—‘
T ‘ A _ 3-GATCGGATCTC-5

’ A
( G
AT € c © T
5-ACCGTCATCLG-3¢ ) T T

3-TGGCAGTA GC’I‘G{\A(/JCAG'I‘A'I‘CAGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

J

5‘-ACCG’I‘CA’l‘CCGAC'l"l‘GG'l‘CA'l‘AG’l‘C'l‘GGA'I‘CC}I‘GAC’ AGCCTAGAG-3¢

'l‘

5-ACCGTCATCCGA-3¢  jmmmmmd) T
3“TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCIC 5
|



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)
P
5-ACCGTCATCCGACTTGETCATAGTCTGGATCCTGAC

 35%CT
T )\ mmmm
A
G G
AT ¢C c G T
5-ACCGTCATCCGAC-3 | ) T T

3-TGGCAGTAGG 'I‘GAA’3C1/\(}'I‘A'I‘CAGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘

TAGCCTAGAG-3¢
ATCGGATCTC-5¢




1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA’l‘CCGAC'l"l‘GG'l‘CA'l‘AG’l‘C'l‘GGA'l;CC’l‘GI CTAGCCTAGAG-3¢

. p— * 3“ACTGATCGGATCTC-5¢

5-ACCGTCATCCGALT-3¢
3-TGGCAGTAGGC ‘GAAC13AG'I‘A'I‘CAGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

|

5°-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
* 3“GACTGATCGGATCTC-5

'l‘

5-ACCGTCATCCGACK -3¢ / T T
3-TGGCAGTAGGCT( AACCIP yITATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

|
5‘-ACCG’I‘CA’l‘CCGAC'l"l‘GG'l‘CA'l‘AG’l‘C’l‘GGlA'l‘CC’ GACTAGCCTAGAG-3¢

- 4 3-GGACTGATCGGATCTC-5¢

|

c 6 T

5-ACC6TCATCCGACTAG3¢  mmmmd) T 7

3-T66CAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCEEATCTC 5
|




1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5"ACCG'I'CATCCGAC'l"l'GGTCATAG'l'CTdGATC( TGACTAGCCTAGAG-3¢

'l‘

5-ACCGTCATCCGACTTY )
3-TGGCAGTAGGCTGA! CCAG’T‘A’I‘CAGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

GGATCCTGACTAGCCTAGAG-3¢
3-TAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTC

4

3-TGGCAGTAGGCTGAA( CAG’I‘?’I‘(&AGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5°-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

'l‘
'l‘

J



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

I
5-ACCGTCATCCGACTTGGTCATAGTCIGGATCCTGACTAGCCTAGAG-3¢
p = £ 3“COTAGGACTGATCGGATCTC-5¢

| G T
5-ACCGTCATCCGACTTGGTECA-3¢ Y ) |
3-TGGCAGTAGGCTGAACC! }'I‘A'l‘(FAGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘

,/



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)
s
5 ACCGTCATCCOACTTGETCATAGTCTGEATCCTGACTAGCCTAGAG-3°
4 "TAGGACTGATCGGATCTC-5¢

3-TGGCAGTAGGCTGAACCA( ’I‘A’I‘CITGACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

yGATCCTGACTAGCCTAGAG-3¢
JCTAGGACTGATCGGATCTC-5¢

5‘-ACCGTCATCCGACTTGGTCATA STCT
= 3

5-ACCGTCATCCGACTTGGTCATA-3¢ >
3-TGGCAGTAGGCTGAACCAGT \’I‘CA(TACC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA’l‘CCGAC'l"l‘GG’l‘CA’J‘AG’l‘C’ 'GGATCCTGACTAGCCTAGAG-3¢
3-AGACCTAGGACTGATCGGATCTC-5¢

e o)
l‘CAGzTCC'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘

9-ACCGTCATCCGACTTGGTCAT!
3-TGGCAGTAGGCTGAACCAGT!



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

I
5‘-ACCG’I‘CA’l‘CCGAC'l"l‘GG'l‘CA'l‘AG’l‘ "TGGATCCTGACTAGCCTAGAG-3¢
/ 3-CAGACCTAGGACTGATCGGATCTC-5¢

'l‘
5-ACCGTCATCCGACTTGGTCATAGT-3¢
3-TGGCAGTAGGCTGAACCAGTAT IAGA(%C'I‘AGGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

J
5‘-ACCG’I‘CA'I‘CCGAC'l"l‘GG'l‘JIA’l‘AG 'CTGGATCCTGACTAGCCTAGAG-3¢
(—— 3-TUAGACCTAGGACTGATCGGATCTC-5¢

‘ 'l‘
3¢ =)
AGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAG'
3-TGGCAGTAGGCTGAACCAGTATC



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA’l‘CCGAC'l"l‘GG"‘CA’l‘A yITCTGGATCCTGACTAGCCTAGAG-3¢
(—— / 3“-AVCAGACCTAGGACTGATCGGATCTC-5¢

'l‘

5-ACCGTCATCCGACTTGGTCATAGT
3“TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5-ACCGTCATCCGACTT ;Jy;' ICATAGTCTGGATCCTGACTAGCCTAGAG-3¢
e (( 3EANTCAGACCTAGGACTGATCEGATCTC-5

5-ACCGTCATCCGACTTGGTCATAGTCYG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAG \CC'l‘flj(}GAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA’l‘CCGAC’l"l‘J} yICATAGTCTGGATCCTGACTAGCCTAGAG-3¢
—— / 3-GUVATCAGACCTAGGACTGATCGGATCTC-5¢

\ 'l‘
5-ACCGTCATCCGACTTGGTCATAGTCTGG-3¢ —
3-TGGCAGTAGGCTGAACCAGTATCAGA IC'I‘AGIGAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘




1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5-ACCOTCATCCRACTIGGICATAGTCTGEATCCTGACTAGCCTAGAG 3
G (| 3FAGTATCAGACCTAGGACTGATCEGATCTC-5

5-ACCGTCATCCGACTTGGTCATAGTCTGGA-3¢ =
3-TGGCAGTAGGCTGAACCAGTATCAGAC 3'l‘AGGyAC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

!
5‘-ACCG’I‘CA’l‘CCGAC’I}'I‘GGT ATAGTCTGGATCCTGACTAGCCTAGAG-3¢
—— / 3-CAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGAT-3* / —
3-TGGCAGTAGGCTGAACCAGTATCAGAC( 'l‘AGGITC'I‘GA'I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’l‘CA’l‘CCGA(}T’I‘GG’ 'CATAGTCTGGATCCTGACTAGCCTAGAG-3¢
—— / 3 -COAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGARC-3° =
3-TGGCAGTAGGCTGAACCAGTATCAGACC AGGATJ’I‘GA’I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA’l‘CCGziC’l"l‘ 3GTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
—— 3“ACUCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATEC
3-TGGCAGTAGGCTGAACCAGTATCAGACCT! GGAC'TGA’I‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA’l‘CC(LAC’l"l‘ 3GTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
JCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCET=3¢ —
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAC GAC'l‘(fA’l‘CGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’l‘CA’l‘C(LGAC’l" 'GGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
/ ACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGS* /‘ —
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAG( AC'I‘GITTCGGA'I‘C’I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘CA’I‘(JJCGAC’ "TGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
—— / 3 - TGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

A-3¢ —
3'I‘GA'TCGGA'I‘C’I‘C-:')‘

5°-ACCGTCATCCGACTTGGTCATAGTCTGGATCCT
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGG!



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘()I\"‘(J()(}A TTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
—— 3-CHGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGAC
3-“TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’I‘LA’I‘CC JACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
—— 3-GGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACYA=3* | >
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTG \'I‘CG(Y\'I‘C'I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCG’L‘CA’I‘C JGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
—— 3“AGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAG-3¢ =

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGA I‘CGGITI‘C/'I‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ACCL’I‘CA’I‘ JCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
GGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGE=3¢ =

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGAT IGGA'TI'I‘/C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-1\(313(}'1‘(31 I'CCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

—— 3-GYAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGQL=3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATC }GA'I‘(TI‘C-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
~ (dTTP, dCTP, dATP, dGTP) (72° C)

5‘-ALECG'I‘( ATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
TAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCA=3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCG }A'I‘C'I‘IC-:')‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5‘-1\(3(36’1 CATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-CAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCY,
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGG

-3¢
'1‘(:'1‘(:{5‘



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

TCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
"AGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

51‘-1\(3(3(

N 6)6
J™e

‘(3’1‘()-7‘ /

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCT
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGA



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

L‘i‘-AC( GTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-GHCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAG
3-“TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Add DNA polymerase and nucleotides
(dTTP, dCTP, dATP, dGTP) (72° C)

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Separate the strands again

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Add primers again

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-GATCTC-5¢

5°-ACCGTC-3°¢

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-GATCTC-5¢

5°-ACCGTC-3¢

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction
PCR

Resynthesize the complementary strands

again.
5-ACCETCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-T6GCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5°-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢



1. Polymerase chain reaction

PCR

Repeat this again and again...

5°-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5“-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“T6GCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5“ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3*“TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5“ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“T6GGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“T6GGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“T6GGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“T6GGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“T6GGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“T6GGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢

3“T6GGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
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2. Sequencing reactions

Dideoxy nucleotides will stop the DNA polymerisation.

nanl ﬂ

Deoxy-Adenosine-triphosphate, dATP

oy

H
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Dideoxy-Adenosine-triphosphate, ddATP



2. Sequencing reactions

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢

Template
5°-ACCGTC-3¢ Primer

\ Id DNA-Polymerase

dATP, dCTP, dGTP, dTTP

e o ddATP or ddCTP or ddGTP or ddTTP



2. Sequencing reactions

DNA-Polymerase

dATP dCTP d6TP dTTP Deoxynucleotides

ddATP Dideoxynucleotide

5-ACCGTC-3¢ Primer

3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢ Tem p I ate




2. Sequencing reaction A

Add DNA polymerase and nucleotides (dTTP, dCTP, dATP, dGTP) (72° C)
Add a dideoxy nucleotide (e.g. ddATP):

5-ACCGTCATCCGACTTGETCATAGTCTGGATCCTGACTAGCCTAGAG-3
3-AGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3-AGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3-AACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3-ACCAGTATCAGACCTAGGACTGATCGGATCTC-5°¢
3-AGTATCAGACCTAGGACTGATCGGATCTC-5¢
3“-ATCAGACCTAGGACTGATCGGATCTC-5¢
3-AGACCTAGGACTGATCGGATCTC-5¢

All fragments end in the same 3-ACCTAGGACTGATCGGATCTC-5¢
base: A 3-AGGACTGATCGGATCTC-5¢
3-ACTGATCGGATCTC-5¢

3-ATCGGATCTC-5¢



2. Sequencing reaction C

Add DNA polymerase and nucleotides (dTTP, dCTP, dATP, dGTP) (72° C)
Add a dideoxy nucleotide (e.g. ddCTP):

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-
3‘-CAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCIC-5¢
3°-CTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3‘-CCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3‘-CAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3°-CAGACCTAGGACTGATCGGATCTC-5¢
3-CCTAGGACTGATCGGATCTC-5¢
All fragments end in the same 3-CTAGGACTGATCGGATCTC-5¢
base: C 3-CTGATCGGATCTC-5¢
3°-CGGATCTC-5¢



2. Sequencing reaction G

Add DNA polymerase and nucleotides (dTTP, dCTP, dATP, dGTP) (72° C)
Add a dideoxy nucleotide (e.g. ddGTP):

5°-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-GGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3-GCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3°-GTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3-GGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3°-GCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3°-GAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3°-GTATCAGACCTAGGACTGATCGGATCTC-5¢

| 3:-GACCTAGGACTGATCGGATCTC-5¢

Sgsfer?gme”ts endin the same 3-GGACTGATCGGATCTC-5¢
3-GACTGATCGGATCTC-5¢

3¢-GATCGGATCTC-5¢

3¢-GGATCTC-5°



2. Sequencing reaction T

Add DNA polymerase and nucleotides (dTTP, dCTP, dATP, dGTP) (72° C)
Add a dideoxy nucleotide (e.g. ddTTP):

5-ACCGTCATCCGACTTGGTCATAGTCTGGATCCTGACTAGCCTAGAG-3¢
3-TGGCAGTAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3-TAGGCTGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3-TGAACCAGTATCAGACCTAGGACTGATCGGATCTC-5¢
3-TATCAGACCTAGGACTGATCGGATCTC-5¢
3¢-TCAGACCTAGGACTGATCGGATCTC-5¢
3-TAGGACTGATCGGATCTC-5¢

3-TGATCGGATCTC-5¢

All fragments end in the same - TCGCATCTC-5¢
base: T



2. Sequencing reactions

4 reactions each with one of four different dideoxynucleotides added:

ddATP

ddCTP

ddGTP

ddTTP




ddATP

ddCTP

3. Gel loading

ddGTP

ddTTP

Put a sample from each reaction on

a gel and apply an electric field.




>

Fragment separation

A C G T

Put a sample
from each el el el et
reaction on a gel
and apply an
electric field.

Short fragments
travel faster.

Sequence read is:
AGTC




ACGT

A real example

A real gel from a Sanger sequencing
reaction. Fragments marked with
radioactivity from phosphorus isotope
P32,
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© Bernd Reiss, 1980



ACGT

A real example

Gene: Ribulose bisphosphate
carboxylase from pea chloroplast.

| ]
5-AAAAATGGCTTTTATGATATTTT 2 ‘ i
CTTTCGCTGTGACAACAGTTACC — i il e
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© Bernd Reiss, 1980



A real example

Fragments marked by nonradioactive colours and separated on a single gel.
Sequence comes from tomato. The diagram below shows the
measurements of the colour of the fragments as they emerge out of the
separating gel.

NN NNTCTG NNTCTCTTCGTCTCTGANCT CGGAGATTTTCGICAT CCETGGCTCTGTATAAT CGACAT TTTAGCTCTGAATTT GGTAC GC TACTAT TATTTTTACATCTTATTT GTACTATTTACCT

H ”‘w'” H"‘M”' | [ Il Wi“u\”n”‘ | ||f il
‘l !L“ IH | ‘ | , 1.

— The sequence starts with some non-readable

Direction of reading peaks (marked with N bas.es) fand then each peak
stands for a fragment ending in a given base.
A = green, C = blue, G = black, T = red.
This is called a ,chromatogram®.




A real example

In some cases the sequence can not be read correctly, then the base N is
inserted. This happens when the sequencing reaction fails or the
seguencing contains a mixture of several different fragments.

Direction of reading



