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Figure 6. Examples of the detailed chemistry involved in breaking the DNA, Figure 61. above,
shows the guanine breakage. The quanines are first methylated with dimethylsulfate. The
imidazole ring is opened by treatment with alkali (during the piperidine treatment).
Piperidine displaces the base and the triggers two beta eliminations that release both
phosphates from the sugar and cleave the DNA strand leaving a 3’ and a 5’ phosphate.
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Figure 6. Examples of the detailed chemistry involved in breaking the DNA, Figure 6b.
Shows the hydrazine attack on a thymine that breaks the DNA at the pyrimidines.
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Figure 5. Actual sequencing pattern from the 1978
period. Products of four different chemical reactions,
applied to a DNA fragment about 150 bases long, are
electrophoresed on a polyacrylamide gel; three
loadings produce sets of patterns that have moved
different distances down the gel. The four columns
correspond to reactions that break the DNA: 1)
primarily at the adenines, 2) only at the guanines, 3)
at the cytosines but not the thymines, and 4) at both
the cytosines and thymines. The very shortest
fragments are at the bottom right hand side of the
picture and the sequence is read up the gel
recognizing first the band in the left hand column
corresponding to A, a band in the two! right hand
columns corresponding to a C, a band in the far right
hand column corresponding to T, a band in the left
hand column corresponding to A and so forth. After
reading up as far as possible, the sequence continues in
the sets of bands at the left hand side of the gel and
then still further in the pattern in the center of the gel.
From the original photograph the sequence of the
entire fragment can be read. The fragment is from the
genomic DNA corresponding to the variable region of
the lambda light chain of mouse immunoglobulin (8).

DNA SEQUENCING AND GENE STRUCTURE Nobel lecture, 8
December, 1980 by WALTER GILBERT Harvard University, The
Biological Laboratories, Cambridge, Massachusetts 02138, USA



[R%E)

DNADEEIZEHTHARDIXEIZDONT, ZBFEIWLIZEZ K,

DNAIZL, A, C, G, TOARBEDBEZELXILAFEA, EERICHEELE-YMETHY, EERIFHIIDNA
T DIEEES|ELTHEELTLS, DNADIEEFRINZRARLAFEZD1DDFIEETT,

1. RICIEEFEFTIODNAZZEIZED S,

2. D DNAD2AFHDSS, HEDIRED FADIRICEHZEDIT5H,

3. 2ODNAZADDHEREIZHITTAN, GDEZAH, GMADEZA, THCDEZH, CDEZAHT, DNAZY]
Brd 5, ==L, TNZENODNAZSEIELHELDMED 1 HFIEITTUIESN S L5129 5,

4. TNZTNDHREEDDNAR, HAHEICKYKREITHITS,

5. EIMDULV/=-DNAZERH T 5L, DNADOKEZDEWIZEKY, DNARNENWED IS KENED A LM SN,
B, ,HEELCFO—HMOEEEINE, COFEICIYARNHERERLIZEDTHD,

Bl THIIIZDO2LT, HRAWVIZEAZ X,

(1) ETIXEMEDIBENRESNT=D, G GIATICC

(2) ENIC—&FELMEE (T AN, =

(B)FRANT-SHDIEEEINZEEA L BF, MISEWMIZEICELZE,

|
||
INEEIni

— AAAODPZ0 —
I

I
LA

]

_—
-

LITTELES
|1




DF A XU (SangertiE, kR )

A2 ) CDIREERE T, —~VEEZE LTZA

KIGEDNAR Y A 7 —FIDKlenow” 7 7 A &, Bl¥ 2RO TV IREDNAOHH 2 v —%>5< 5, Z Dk
DNAB I B 72 AFE DANTP(JATP, dGTP, dCTP, dTTP)LISMZ, DNAPLEAITH 52',3-UFFF X7 LAV K
=V VEB(AANTP) 2D BSHRICIN Z 5, ddNTP (terminator & V2 9) MBEDIAENS &, DNAGRITIEIRT 5,
FOSOAEIRIL T o Z LI LE TR 5 DT, $HOR SORR DA i NG oi., & &b ok L Rk
&2 TSN AR ET 5,

1) 97, BHIZRDTZVIREDNADI KM 2N A Y X7 LA F RET T4 ~v—L LTHEH L, 7FA4
~ — D5 R & BPLBS THAMER T 52, Foidateads CEMT 5,
5' CTGACTTCGACAA 3' RENDIEREFNZEHDIARIEDNA
3'GTTe5'  S51ZHETSA<—

2) BR5EF ROV AEDNATBREAE D L., BT S/ —. 4AFEDINTPEINZ 5, i ib[Zterminator (ddNTP) 21589 DHIZ 5,
3) DNATRY AS—E1DKlenow 755 AU bEMA TEBERIRT 5.
SHINZT=ddNTPD 1=, SHE RISV F LGB TREILET 5,

ddATF  ddETP ddGTP ddTTF

ITTTTTTT T TTTT
CTGACTTCGACAA

4) TNHADOREEZRY 77 VAT I RTVEKKENINT 5, % DDNAKR LA X720 Chlts s,
5) Y ADA— T VAT T AEERT D,

Bl [£ddATPE D BN - HBEDBE. EOERIITILRD ddAGCTGTT-e 5'
3DDEBETFDPERT D, TRITTSAT—ERERT ddAAGCTGTT-e 5'

ddACTGAAGCTGTT-e 5'


http://www.sc.fukuoka-u.ac.jp/~bc1/Biochem/replicat.htm#inhibitor
http://www.sc.fukuoka-u.ac.jp/~bc1/Biochem/technic.htm#fluorescent

6) XD X DT, TkEVohm (M) O/3» RBIIEIC R
N RO Z M > TN Z 8T, BHRESOFEFEH D
5'-3H MDA ZRETE 5, e HRES (F8
) ICRAER DITIE, LA L 2 TEliS 2 Do < Dkt
EE AN

o AR S & O 2 HRERC S E o B @k
Sanger®JFiETIL, BRI LT T4 ~—2 bbbk
ST AMENHY, REEE THSH, HEDOR
72 % e 3 Tterminator 2 k45 Z L2 L D
L PG TS 7 R EC A EE N B S T,

ddATP-@ ddTTP-@
ddGTP-@ ddCTP-@

L BAEBEDFIE>

%9 . BIEROT-LIARIEDNA, TS5/4T—, 4HBOINTPEZELRRKIZ,
REDELDIENBERTIZHLI-4FE DJIINTP;E &) (terminator) Z 0 X
éo

2DNARYAS—ETHEBESE S, MMA f-terminator|Z &> T, SHHE(IE
SR LGB TELET S,

3EHETILERIKEICNITS,

AT NIZL—F—REYTTERENUREREL, FREAA—SUT VR
TLICERET S (R 8.11),
S5ERHELENAVEDEREIVEL—42—TNEL, E—HELTERT,

(HAFHEDOFR)
LISMR—%&BHTHDENGL,
2. RIGIEIADFAERETITA S,
3.BRABLIAMIL—UTILO. N\UFDOYEAGP A AL
BHAIMYREDLL,

T REDHAMZE—EICLETES,
4. WA REZFERALLELD T, WO TEEBTE, - M MREEYE
HSELY,
5. A —hSVFTST4—HFE,
6. BEMEMNTESHD T, AHETHE,

S
FEGERR

i &h 7 A

SRR R

SangeriL|Z K BIEEFEL R TE]

dd ATP ddGTP ddGTP ddTTP

o B o7z BRR

Cobire gk

h

HEIERINS
AL
— =

OO OA0R0
OO0 00

5 »3’
B Ay B A

|

e

CATTTCGACCCCTATAACGTCGTATC

e Bz BRF

[EAAFRBERICLDIERELIIRE]




TETTGCTGCTGETGGT GGCCCTGGGGAT

TLULE LA LY, . |
5- AGA---- ACGA AGACGCACGACGACCACCGGGACCCCTA -3'
5- AGA-- ACGA AGACGCACGACGACCACCGGGACCCCT -3
5- AGA-- ACGA AGACGCACGACGACCACCGGGACCCC -37
5- AGA----- ACGA AGACGCACGACGACCACCGGGACCC -3
9- AGA-- ACGA AGACGCACGACGACCACCGGGACC -3

5- AGA-- ACGA AGACGCACGACGACCACCGGGAC -3

5- AGA----- ACGA AGACGCACGACGACCACCGGGA -3

5- AGA----- ACGA AGACGCACGACGACCACCGGG -3’

5- AGA-- ACGA AGACGCACGACGACCACCGG -37

5- AGA-- ACGA AGACGCACGACGACCACCG -3

5- AGA----- ACGA AGACGCACGACGACCACC -37

5= AGA-++-ACGA AGACGCACGACGACCAC -3 | =
5 AGA-+---ACGA AGACGGACGACGACCA -3' _ |5

5= AGA"~ACGA AGACGCACGACGACC -3' ~ | 5

5 AGA-+--ACGA AGACGCACGACGAC -3' ~ | &

5- AGA---ACGA AGACGCACGACGA -3 | B

5 AGA---ACGA AGACGCACGACG -3 R NG ¢ i T :

5" AGA-ACGA AGACGOACGACE - 2 RISHULE ST EEMOOEN R I LAF Kl
5'- AGA-+--ACGA AGACGCACGA -3’ B FERELBEL. BICEABRORBERANMOT
5 AGA™~ACGA AGACGCACG -3 . <. EBNEEENERSICE S,

5= AGA-~ACGA AGACGCAC -3' B

5 AGA---ACGA AGACGAA -3’ B

5- AGA----ACGA AGACGA -3’ B

5 AGA---ACGA AGACG -3' B

5 AGA--ACGA AGAC -3 Y

KRN T g R - ROBISEED

5" AGA-ACGAA 3 STLCL Do - 5' TCTTGCTGCTGGTGGTGGCCCTGGGGAT 3'
T4V —E&3

Y H—EDRE



Rt —4oH—

FrES)—H T —ETIXRIRFANLIE TEHDNA B F (X800 ~ 1,000 2 ELD(IRL., R —4 2 H—
(NGS) TIX#F HE DDNA BT F & F1TUNETEET , IR ELZIXNDIERED., FMTDESEELITHD S
hTWhET,

DO DNA G- MBI EB—Houy

EEIDDNA ZETF{EL. DNABTRZASAKREAEGEICEEL T, REZ L(F5H1=6HIZPCR;ATDNA ZIEHBL, £
NENISRAI—ELTHEEET . TOLTONABERIGHITHEET . DNAN 1 IERE BRI HEICIEE(IE
BLE-EABERLSRNATILIICIRLT, BAEDKEFEIASTIHRFZLTRELET . DNABTFE M SHBONS
FRITFENDBDTT A, SN DDNARRSFREFTEM TELO THEMTHIEITELY., WEDEMNYDDNAIE
HEBEBELTCOVEET L EBEREZDIOLHEVTIKEWEERIGE, BREBTTHELSFEFHASHE-ED
TY ., DNABBIRHEEZEDH-Y TS, XBEEFTIHDORELRERZVELT S0, AR E
BYMNBTT,

@1 59FDDNAMLDEHE
DNAL D F&#5EEELTDNA S REITL . AL ETILER LD SR REF) TILEA LIZKRE T3t
BFEEINTLVET , DNA B RUREERILEETERINERETHENHFEET,

@ FSHEHLUSN DET

HBRBEITI=HDHREORHB[EVELLLGEWAEELT, F/RT7o—4oH—HYET, EEEM T
F/HARXDIN(F/RT)EDNA B FHLIEBERT DBEBTIENDERDEL TIEREEREINEZHHELDTY,
DNA AN E 5T/ R7 DERIZITF ERFYTHMBNERMIZCALNVONTLNET, =

DAHETIIDNA B FZEEHEIZFT/RT7ICUON, RGBEBSESENEWIBBEITHRALGEREMINEASH, BOXE
It. RE—=F7yTHagEICiE>TLVET,

NSRRI —ToH—DOFRFEIZEY. T TICERD S / LW H1,000 FILFZE TRIEEICH>TULVET £
f=e R =S oS —([IEREMIFELTFDA TSN . BIEHEREDZEICELIZEHLN TULVET,



Gel-filled capillary
/ Mirror Ar + Laser
= _T.\“\ : . /
- Buffer reservior _
\ Sl |
dv il Lens Cooled CCD camera
[ /

Buffer reservior — ’
for sheath flow /@/ '

Image splitting prism
Sheath flow cell Wy ge splitting p
4 Optical filters
1)
Open capillary uffer reservior Computer

Fig. 1. Schematic diagram of multi-capillary DNA sequencer.

Ar*laser is used for excitation. The fluorescence line image is split into
four different color images with image-splitting prism coupled with four
optical filters.

EREBE, BEE, HESE, IILFXVES)—— U DREBEZF DG, Jpn ) Electroph, 41: 313 (1997).
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Fig. 3. Image of 48 gel-filled capillary array.

The image represents one channel (green) of DNA sequencing using a 48-capillary array.

EREBE, BEE, HESE, IILFXVES)—— U DREBEZF DG, Jpn ) Electroph, 41: 313 (1997).
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Fig.4. Analyzed four-color DNA sequencing data of M13mpl8 DNA from one capillary in a
48-capillary array.

The sample was injected by electrophoresing it at 25 V/cm for 20 s and separated at 100 V/cm in 4%
T, 5%C polyacrylamide gel-filled capillaries (75 pm 1.D. % 25 cm),
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WGETCTCATCACTGCCAAGACCTGGGTCCCAAATGETGAGTC TGOAGCCG
CCCCCAGOAC
CZTCCTCEROENY
GGTCTCATCACTOOCACGACCTGCGTCCCAMTGETGOGTCTGEA  CEECTCTTCCTCCAGEAT
CCOECTCTTCCECCAGOAT

2 — CICATCACT! T
CATTGCCTGCAGCTG CTCATCAC T AATGCTGAGTCTGC
——CATTGECTGCAGE CTCCCAAAGTGGAGGTCTCATCACT TC © TCTTCCTCCAGGAC—
CATTGCCTGCAGE i CATCACT T AMATGETE  TC TCTTCCTCCAGGAC
Acrc TCTTCCTCCACCACE

| ————cATrCccTGCAGE
b AGCTCEGEE TCCCAMAGTGHGGGTC TCATCACTGECAAGACC TEGETCEE

TCEETCCT
CCTCAGTCT! TTTICCTCAA

TCATCAC!

CATTGCCTG AGCTGGGGC

CATTGE

000!

TCEGTCCTCAGTCTGCACCCGECTC TTCCTCEAGGAC

17191862 17191672

<1

17191642 17,191 852

17191582

TANEI2 7492 17191632

17091592 (17191602

brains0

UG W) =Rk -RFIUR;

UG IILIUR

» DNABT /7 0 FI% 100bp & &+ ERY

RT7IUk

» DNAHFF O iifR% 100bpHed+EuL)

» DNAMTFDOESIZEY., ESHI2221ZE S
— 200-500bp: RFPIURE (AILSFLRATLDH)
— 2-5kb: A RRT R

RPIVRE
200-400bp

.

-WEiEFHOCET, T2 2AEIS

T oA AEDIET VT

muarnna’

A7 Tk (MlmaEd) &% ?

» [El— D DNAMT F D iliimE L

» FAIZERATZE . DNABT A Z D oKYIRL TES3— A Dim%

HO

FER#1

2 cut

FLOWCELL.

llumina



x.1 AFARELG/NAA =520 FIALINGSHEZR DI ATHIE=

GS FLX+ Y AT L

RT [ GS Junior PI itani

NGSY AT L GS Junior unior Plus S FLX Titanium XL+ GS FLX Titanium
XLR70

. 700bp 450bp
|| —
J=F& 400bp 700bp (up to 1,000bp) (up to 600bp)
MIEE 35Mb 70Mb 700Mb 450Mb
£478H1=YD |100,000 >3v+H2 (100,000 3vhHY, s —wbave, (1,000,000 aVRAY,
— R 70,000 EEIEY  |70,000 HEEEY | P000000 ¥IAVMIL (o6, hoo stE e
e 99% at 400bp 99% at 700bp 99.997% 99.995%
EITHE 10 FFfE] 18 A 2305 10/F ]




x®.2 AFAEELE

BICKBL— oo JEFIRYT HARMR—T o J IR O HiTEEH

NGSY AT L | MiSeq NextSeq 500 HiSeq 2500 HiSeq 3000 HiSeq 4000
EITE—F N/A A (=Nl ALRGEST | &SH A N/A N/A
D”_Ei?; 1 1 1 lor2 lor2 1 1or2

H S &R 0.3-15 Gb 20-39 Gb 30-120 Gb 10-300 Gb | 50-1000 Gb 125-750 Gb 125-1500 Gb
E1THR 5-55 hrs 15-26 hrs 12-30 hrs 7-60 hrs <1-6 days <1-3.5 days <1-3.5 days
ZE)JJ—GI{;E 25,000,000 130,000,000 | 400,000,000 | 300,000,000 | 2,000,000,000 | 2,500,000,000 | 2,500,000,000
= AX!)—Ff&K |2x300bp 2 x 150bp 2 x 150bp 2 x 250bp 2 x 125bp 2 x 150bp 2 x 150bp




*1953F DNAD ZELHABEDHER

19724 1)aAVEF U DNADEMI AR IN T, CNLERNINIT)A
77— MDA ILADDNALMDNAS —I I T DY TILICIEEZR T
Mhot=,

“1975F REDTEELEYT / LBIELTNITIAT7—20X174D &/
LR INT=,

19775 IFHY L EXIL/N—FZ LB "DNA sequencing by chemical
degradation" (7R KBL—IIT LU T AL R RIR)DNRRINT -, >
H—IFE T &L BIIZ"DNA sequencing by enzymatic synthesis"(& B2 &5
DNALV—O I L T BRR)ZHFERLI-,

19804 H U H—EXILN—FDN/—R )L FESE

*1986F H') TAIL=F THE K®DLeroy E. HoodDIARELRAIZANFE BEID
DNAY—O I H—%HFK

1987F FITFARNAF VAT LR HF D BEIDNAS—I T H—
ABI 370%F5%,

19954 Richard Mathies M HENBRIZLDL—II DU T BffixaFH ik,
«19984 T2 b K MPhil Green & Brent Ewing A ECHIEZHTY T kphred%
FER


https://ja.wikipedia.org/wiki/1953%E5%B9%B4
https://ja.wikipedia.org/wiki/1972%E5%B9%B4
https://ja.wikipedia.org/wiki/1975%E5%B9%B4
https://ja.wikipedia.org/wiki/1977%E5%B9%B4
https://ja.wikipedia.org/wiki/1980%E5%B9%B4
https://ja.wikipedia.org/wiki/1986%E5%B9%B4
https://ja.wikipedia.org/wiki/1987%E5%B9%B4
https://ja.wikipedia.org/wiki/1995%E5%B9%B4
https://ja.wikipedia.org/wiki/1998%E5%B9%B4
https://ja.wikipedia.org/wiki/Phred
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