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[Abstract] DNA sequencing technology as one of the core technology of modem life science research has quickly
developed since its establishing, the mid-1970s. In this article we mainly summarized the currently existing several

generation DNA sequencing technologies, its evolution, and predicted the third generation sequencing may be apper-

ar in the future.
[Key words]

sequencing

1944 4, Avery 38 i il 5¢ BUER & #% b 55 38 9iF B
DNA BE#EEEWEEY, W5, AMI—EBHT
DNA L FFFIH 5T, #18 DNA W F B AR RIS i
APl AR R A R JRYT R, AR EBA
YR ETEREXNEARES TEXRWHESER,
FHEET RAMMARTR.

DNA MFBEARWERZH T IANEENRE.O
ZROFTF, FERBT 4wk 5Em
Bk B AR, 35 Sanger Ml F 1 DNA {b2 & i@
WF;QF —RMFHE AR, FEHKTF Sanger & H Il
IR, AR RIC M B AT Rk E AR KL
HMFER AL QFE _RWFFE, XN F—
R FHEAR, EEMFE Solexa W /F .Solid F & 454
Wi /¥ \HeliScope & /-t R %, BTN 7R
AEeME, BERNEEERAITEREN TR
SR LATERNER. B, ZEARNELREE
MEMAENL, EHERE AN BREYE DNA K
INRER A4, AT 8 — RS 2 H e B F
KB EZR T BEANEEANHRY, BRAT
FEMBKTX/LADNAMFERE AN EZBEHRE, 3+
it o 3 B 66 H PR A 58 = AR AT T B

DNA sequencing technology; next generation sequencing; single molecule sequencing; direct DNA

1 281 DNA MFFHE

20 42 70 AR, 2 FORE K DNA W5 )5
2 JLF IR BF & 7% : Sanger 2421 “DNA BB & 45 K
Sk F 7, X FR Sanger W J§ ;Maxam % 2 H
“DNA {h2EREMM T, B & 2 F A DNA REH
I WBRERM, ERNMERPIIA—ELIIH 2,
3 - WU A = B ER (dANTP)FE R & k7, B F
DNA £ B A EEIX 4 ANTP #1 ddNTP, H i, ddNTP
A LABAB A g, T dANTP R0 37 R
FLEBEHREAEFMARERE, HMARST—
MEHREAEM, &M F AL KL S
R AR R DU B R BRI E . [FE R
FREREEEMBETRBETSIAMLEER &
T A AL #EfE DNA 4 FEBRB BT RALE
RS o BARIX 2 MR 5 B MR AR HEM# R
REEFRAER—EEWSEMR, BILEX—RFE
WELRIL, BR—RIIUE—fEREBBEZT

(i E 8] 2010-12-09

[(EeWE] BERAAREES 30971787 BEARKRATIES
(20070411148) ; T4 1] 45 7% th % 4F H: 4 (2010JQ0042)

[EBENT] SR8 ), &, ERHRA . WL

LEEEE] B , (E-mail)lpgd52000@yahoo.com.cn



&7 % DNA WP H AR # R

585

B (A.T.C.G) MR 5 i & 57 19 S R L B
HRIBEY , SR J5 8 T 55 5 B 5 B0 28 1 A 0 It ek
BRI, 2R BERE, HREMNER B
DNA B JBF o

X 2 AW PR 77 1 AR B AR MO Ak Rz AT
(PP,S) LM, RIESRED, LA L, A RE
R KAENFHER, B, BT AR I FK
B AR U AR T B B AR R T AR X LE R R

2 S$—f DNA WFHER

21 F—K¥ B3 DNA R A

20 {48 80 GEARK, FIBHRIC I P BR &
B E AL ZFric T, 106858 Yernic A L A 66 00 /7
VL4 B 43 B8 BEAE — A VKB 52 B, AT AR T Yk T
B R 2R 1 22 50 W P B W R R, D — B AR B
596 MES KB EERKM A RESE THEMD, M
A, T B PR R UKk B 58— X 2K B 3 DNA WU
AR 32 T A=®, 4 ABI 23 6] 5 WK HE H # ABI 370
B FEN, HFERERA 4 HAARRZHHEK
YRR iE RABHEL LR AR —F
FIRIEF B, 20 BWNRBE SRSk G, F
BT 4> BB DNA H BR B4 M908 5 S #TH
£ REBNFERAREHFERNES , 2ITE
PLbFE, 5 /575 %) DNA B35 B, XM F Rk
T FEAL R ARic 20 B B AT 4 4R B9 R, T B
ikl 1 RUGERBEEH 4 o, KKEST
WP B, o B Sk nke Bt E LR R T B AR
EE, 0 H A A TR T RE, HX
FFEARRE A RERBREAR, RETHRS, 40
MABRBMK, BENEERD,
22 %#—RK4 a3 DNA 25

20 48 90 4EAR, EFEAZER H B K BT
FHFER=ETHERNKK, R, 840855
B, Tk DNA U7 BEAR th FF g6 7= A= 003, bh Bef y A)
F 3 408 37 G e, Tk A, BR8P 4 0 A O AR e Dk, S R
RO BAE—RI TR AR BHEEANEST, TR
B AT AR, Nt T DNA MW i, 10
X—AFH ABL /AR FF &8 ABI 3730 F X, 5%
BEHMAL, BAERKERE TSRS, WREE
B R AT AR, AN, B
ERKRENERBEXES TLHHATh, AT LK
BEENBERM, X—RW AR H AR
HEHES T XREMER, FARERATRLET
RIRHT 2 F B,

X — A PP TR G B R R,
K&, BRIIESER+ . HEERIKET Bk
BEAR RER S RI Ko E MR
B ARMERRERE W F A, Fil, HEIR—
e I 7 7 v R RBBUX B R PR

3 HEZHK DNA MFHEAR

F_RWMFPHEARXFEFH —-RWFEAR, B TFE
IREEF A B, 2R B K A5 M 45 B T 51 41
WA, FIF DNA RGBFaEEM& T YR
BT — RN T A, 8 1T AR R I R 2
FFIEFR B (55 R LB 7 , 7T LR B 3547 43
PrE%) L i DNA A, 5 2005 4F 454 HBERR
W B IRE S , A& B FES & B 7 AH 4k
T, RBEHAVTHAEMFHEREFEY I, X
BURT 43 R T RE 138 2 R0 B 4 0 P
31 sy Hz

FLREY Rl R E AR 454 BRI F ABI &4
H) B Solid &4 lumina 2 7] ) Solexa M JF %, R
BTMNERSCER & AR EIWF, XILHEE
R R BA—# B ENHEL S BERSCEH
% DNA R By 38 (hnsaill F a2 R a#E e R
B) FANUF FERERTFIIIE HEESR
(B 1), RATLL 454 BRI T R BI 31T B R,

454 EBRW P M BEARZ LM A MK
PCR #i A (emulsion PCR)3EsEH] DNA F Be ¥ 1,
P EBRRRIE = A MR E S T B MR,
KL DNA AR B &, B8 BUAF
ORBEAR SCFE il 4 4 75 0 DNA 4E 38 A%.<500 bp B9 A
B 34 45 A 4% DNA SUE, i E3236™, QDNA K
BEY 3 . B Ha4E DNA SCRERAR R B PCR B
a5 BT YRR Q8 wm)BE .8 —1
OERIEH — 49 E W HLEE DNA F B, MRE 61
XEBY A, XERERT RE& -
R — 4 E B HILE, B M RFEHE -1
#ATIESE PCR [ AT B4k 2% 7 4% o TR L1 PCR
BRI SR LIE BB JE K R 2 SR %S (8]
LI#47T DNA 3%, [FEt#E T 51 9E & 58K
DNA ME THH EE™, B R BECEFATY #,
ZNMERE, BMIRREREE TRER T4
HHFEH DNA #£11 , REABIBEEVETE, EEM
BRo @FFATINFE K5 5 4 I IBR B 5 2 208 # I 3
FLEEFI B LR b, L AR — 3% M R B2 8 4k
AT, B —%5 CCD 31 M & G i e 2B 44



586

£y AR #E R
LETTERS IN BIOTECHNOLOGY Vol.22 No.4 Jul,, 2011

i, T ESENS, SMALRREEN—
B, AL B E GS FLX o, W5 R FF i . 5l
Y1 5 M DNA JB K J5 ,7E DNA RSB =B IR
HRMRAE. FOLREMN =P RT N PR S 4
FPES U R A T S BRI F BL. EE 41
B BRI R A 4 FPRRER KB T.A .C.G BT
R TEEF B AL, B IR R — 0, HmA
# dNTP 5 AR B 4h s, DNA AR 5 B #h 5 dNTP
RABAT LA 4B R PRI, TR =B RRARH HBR 1L
BEEIHEIL T ,PPi 5 5B BR AL B BR IR H° (APS) ) B
ERERK ATP; EFOCRMAMMAT, ERH
ATP XA LR R R G ST MEALTOLR , R B
BAES. BENESRERTFIIHE JHE. &
454 BB F AT EERE 2 8. O dATP 2%
14y dATPaS % dATP, H & dATP K455 ATP
FAL, BE S POLR R R PO, T dATPaS JL
TR A B BRI ; QR = B B IR T OB R (5
FFRETEIN AT HBENE 518, SR BRIRT Wk R B
BETE R & S B 52 R J5 T A% R R 19 ANTP A0 7= 4 B9
ATP, R A HREI T BELRBREEZR KK
dNTP, [5) Bt f 2 T 90 P ROBE o 7 A2 B ATP {5 5

YA,
AR ST &
K& #L (454 1) &, Solexa @) 5 )
#ie. 35 K 3% (Solid @) A4 )
!
By #
# 5L 7% PCR (454 @ & ,Solid @ &)
H X ¥ # (Solexa M &)
)
HATI R
BAE B A (454 R F)
# 4 BB (Solid @ A )
%Ak 38 19 (Solexa M A )
!
FERE
Bt BN A i, CCD BB K&
1
Ry B A

BP0 .
B4k DNA UEH R
l
B3 1
B it DNA R 486 BB 4T
}
IHMEICR, BESRE
4 B4t B 44 R (Helicos Biosciences 2 4] )
BaRAKREE (VisiGen £ B KAE])
%%k % th & 4 # (Pacific Biosciences 4 4] )
)
FolBhe, dik

1 HF—RAUFREER

S = BRI e 1 1 8 0 P 0 vk R AT B4 ) R,

5 454 ByfE LAHIR] , Solid RGEH R T A FLIE
PCR S5T{3RHZ 5 R R RY 1 DNA ik, R
Solid RAMBIRE/NEL , RE 1 um™>, Bk
Z AT T HGH A R W SR P B R B IR T A
BRA RN, FE, BE U 555 5% 8 Ok U By
o 45 1R %, Solexa W 2 4u 2 ) FH L & F #%.0
B “DNA F&"F A SR WA 457, SE 3 B S Lk
2 ) 5 o R BOE T AR KA AT R
HBESXERFRNYSAESHE ‘X987
LI,

ISR — AP E R R R R, )
BEBREBEITHEBERAERN LA EIE" EEE;
AasE ATy AN F R FHEHK”, N HE
B KA UEREANPEERT ETANE A
MEHE HMERARERIFTHE . RER BIEW
BB RER S HIEEY AN FBFESaG
RBRRG , B K AR , 5 28 N S 45 /Y Sanger ¥,
XMARHRFHIAREH R TERNES.

32 #45Fals

H T FLRRFUREYHE R L A A (R AR, B4 I
RGBT A, ERRE—FERINFEA, BB HE
W% A1 &2 DNA = RNA 4+ FHRIBE T4
Fa B39 3 49 5 HeliScope i %43 ¥ & 4t .\ VisiGen
ANFIH BT & BN F AL & Pacific Biosciences 2
BB FENWFEARE, SREY HEFTAR
ME, EATERRMMEY %, BidEH— DNA
sy FHB WS LT e SN S Y EE &M
HAF Bk WE MLk DNA BS54 L DNA B
5372, i Helicos Biosciences 72y &) B2 X 5T & 48
BAR VisiGen EYEAR AR HNELDRAKEE
Pacific Biosciences 2\ B FIZERIF FH KRG

RUFHEARAEGT T, B0 FWF MR
BB X B FE R KBRS REE AN 22O
BATMFATE PCR Y1, HRE /R B 4 fa s H 4R
NaFRELERL FIREFECEASTWER
TH,QuRBAEAERMNER BNE—-ITREMN
FE, BASF LML 4T E) DNA R Bk
BY QM ARFEEAEEN KRR
R RN, REM, 2407 FRBE T
F 150« 4 £ AR R R R T R R TR, dn A
B VA R M 3T SR SN B 5 2R, AT B B R
Ab3 E B DNA F3if5 B &0, XEERBRRFA
3 — PR AR R R



07 E %  DNA W PP 3 AR R

587

4 FERMWFRRA—ERMUFERAR

EREEAM—EHB N TEEWFRARBHEX
W, ERNFEAR, EITHALEE & F. .9
RBEREFERXABEGSERWEE, BT
BEREERFIEEMEN MATESHAEYEL
2R, XX T — 2 R P LA R R R AT
Mo BAUTILAER . O 6% BMERE L
BEHR(FERME) WS RKHEHS) 7 X T80
6, R —1~ DNA R E A BHA R BRI HE,
AT LASE DNA 4% F 8 4 Mg E X 5 7Pk, B4 DNA
FHREEES D, X~ REREEHEFRE
FARVFSBRNEAFBERERSTIH, B RE
B (STM) JET 11 B8 (AFM) &5, H AR
BR K25 ZS Genetics 23 m] #F £ 307 F X 77 & 49 B
FHEE—EHHREY, QO BBABRNKE O
BHEEHBRETFHARN KSR, BRTFHINER
BHRARTFE—H . EFEREFELREFREFNTH
HEEREZRNTHER., XMREEREAGR
i BATHZY 1 nm SERYSERE, 51 % DNA 3+ FREHE
TE4ERR , 24 DNA i of B, 4 B W0 3 A B IR B & T
PLYE 9 B iR ok B #:84 & DNA 75", HHi,IBM
4y &) B Almaden Research Center 2 M3 K22 IE 7
BAF XIS, OKIL : MERELHKRE
(1~2 nm)#y/NFL , 38 B F A A= 9 57 5 50 2 R 1
B BAETERIZGES T , B4 DNA 5Fi@ i /ML
B, 1) R B 2B SR B HE R ER DNA W37 51
HEl, WEMRIEEEFRIORLIMFHEA, 0
XEEE AR, WMEGKE., WAEREEXE,
IBM A "] &4 D EJLRP AR A EEERELR
IEH B, EFEREEARMRIATERR, B LEE
BIX A REMERB S HELEIRERINHAR
W55, BENFEAREENSE =R DNA W FH
RMATHFEYFHIELEIR

5 MRERE

HEMPHEMAHREEREE L LM LIED
ERMERPOIREMENS TR RERZRE, W
RURZER TREERRE, XXBENHFLE. N
WL DNA WP AR B & RIIAE , & & I DNA Il )5 4
AR R LN BT, TRE I8 R
BTYBETFE FEATENMA, RKESE T
FFHEE. BEIAOLE JOREAR TENR¥%L
FROSEERE, AMTERERE, B8 HMEN

SPPER HEAKAMREE ZHASEKHLE 1 om
R, BEARBMNABREER FIRILHA RS
R E#iLE DNA 56 B . JEET, DNA U B A
VN2 FE eI e R O RY (5] R, 00 e o ARG B 15
BIERMBEFA WP AR EAMNFTERZ. BEWN
PR AR TR, & mB R A — DS TR
BT B B, 1 T AR R 3t 5 e A 2K SCBR B R

S

[1] Avery O T, MacLeod C M, McCarty M. Studies on the chemi-
cal nature of the substance inducing transformation of pneumo-
coccal types[J]. J Exp Med, 1944,98:451-460.

[2] Meselson M, Stahl F W. The replication of DNA in E.coli[]].
Proc Natl Acad Sci USA, 1958,44:671-682.

[3] Sanger F, Coulson A R. A rapid method for determining se-
quences in DNA by primed synthesis with DNA polymerase[J].
J Mol Biol, 1975,94(3):441-446.

[4] Sanger F, Nicklen S, Coulson A R.
chain—terminating inhibitors[J]. Proc Natl Acad Sci USA, 1977,
74(12):5463-5467.

[5] Maxam A M, Gilbert W. A new method for sequencing DNA
[J]. Proc Natl Acad Sci USA, 1977,74(2):560-564.

(6] AR, B8R, Fizlk, F. T—RUFEAR: EREBSE
QI FERE: SHaRE, 2010,40(1):23-37.

[7] BER, i THEEES Bk SHEL DNA TR &%,
2001,19(4):361-364.

[8] Prober J M, Trainor G L, Dam R J, et al. A system for rapid

DNA sequencing with

DNA sequencing withfluorescent chain —terminating dideoxynu-
cleotides[J]. Science, 1987,238(4825):336-341.

[0 ks, BE3TE, EH. MEKLIFIT DNA fFeh—Fl B4
BRRIET]. ¥R, 2002,26(3):10-12.

[10] Swerdlow H, Wu S, Harke H, et al. Capillary gel electrophore-
sis for DNA sequencing: Laser—induced fluorescence detection
with the sheath flow cuvette[J]. J Chromatogr, 1990,516(1):61-
67.

{11] Chen D Y, Swerdlow H P, Harke H R, et al. Low—cost, high-
sensitivity laser —induced fluorescence detection for DNA se-
quencing by capillary gel electrophoresis [J]. J Chromatogr,
1991,551(1-2):237-246.

[12] Ruiz-Martinez M C, Berka J, Belenkii A, et al. DNA se-
quencing by capillary electrophoresis with replaceable linear
polyacrylamide and laser —induced fluorescence detection [J].
Anal Chem, 1993,65(20):2851-2858.

[13] Dovichi N J. DNA sequencing by capillary electrophoresis[]].
Electrophoresis, 1997,18(12-13):2393~2399,

[14] Hunkapiller T, Kaiser R J, Koop B F, et al. Large-scale and
automated DNA sequence determination[J]. Science, 1991,254
(5028):59-67.

[L5] Zubritsky E. How analytical chemists saved the human genome
project[J]. Anal Chem, 2002,74(1):23-26.

[16] Metzker M L. Sequencing technologies—~the next generation[J].



588

£ 0 # R @& M
LETTERS IN BIOTECHNOLOGY Vol.22 No.4 Jul, 2011

Nat Rev Genet, 2010,11(1):31-46.

{17] Mitra R D, Church G M. In situ localized amplification and
contact replication of many individual DNA molecules[]J]. Nu-
cleic Acids Res, 1999,27(24):34-39.

[18] Mitra R D, Shendure J, Olejnik J, et al. Fluorescent in situ
sequencing on polymerase colonies[]]. Anal Biochem, 2003,320
(1):55-65.

[19] Shendure J, Porreca G J, Reppas N B, et al. Accurate multi-
plex polony sequencing of an evolved bacterial genome[J]. Sci-
ence, 2005,309(5471):1728-1732.

[20] Bentley D R. Whole—genome re-sequencing[J].
Genet Dev, 2006,16(6):545-552.

[21] Harris T D, Buzby P R, Babcock H, et al. Single-molecule
DNA sequencing of a viral genome[]]. Science, 2008,320(5872):
106-109.

[22] R BAFMF S5 MEEET]. £EAEERE, 2009,4003):
283-288.

[23] &8, . & DNA S HERERRM =R EM]. ARAZK
ZFiE R, 2010,16(4):35-42.

4] &%, BFE, B0E, % HABLEPCREFELABESR
Z2 3 0 A G LM 512 T B RL RII). AR EE 2, 200735(2):
83-88.

[25] FBest, REHE, REE RUFHEARREERESHT TR
HJ]. atrik2, 2006,34(6):582-586.

[26] Dressman D, Yan H, Traverso G, et al. Transforming single

Curr Opin

DNA molecules into fluorescent magnetic particles for detection
and enumeration of genetic variations [J]. Proc Natl Acad Sci
USA, 2003,100(15):8817-8822.

[27] Mardis E R. Next—Generation DNA sequencing methods[]].
Annu Rev Genomics Hum Genet, 2008,9:387-402.

[28] Barbee K D, Huang X H. Magnetic assembly of high—density
DNA arrays for genomic analyses[J]. Anal Chem, 2008,80(6):
2149-2154.

[29] Housby J N, Southern E M. Fidelity of DNA ligation: a novel
experimental approach based on the polymerisation of libraries
of oligonucleotides[J]. Nucleic Acids Res, 1998,26(18):4259 -
4266.

[30] Fedurco M, Romieu A, Williams S, et al. BTA,
reagent for DNA attachment on glass and efficient generation
of solid~phase amplified DNA colonies{J]. Nucleic Acids Res,
2006,34(3):e22.

[31] Turcatti G, Romieu A, Fedurco M, et al. A new class of

cleavable fluorescent nucleotides: synthesis and optimization as

a novel

reversible terminators for DNA sequencing by synthesis[J]. Nu-
cleic Acids Res, 2008,36(4):e25.

[32] Ju J, Kim D H, Bi L, et al. Four—color DNA sequencing by
syrithesis using cleavable fluorescent nuclectide reversible ter-

minators [J]. Proc Natl Acad Sci USA, 2006,103 (52):19635-

19640.

[33] Gupta P K. Single-molecule DNA sequencing technologies for
future genomics research [J]. Trends Biotechnol, 2008,26(11):
602-611.

[34] Ozsolak F, Platt A R, Jones D R, et al. Direct RNA sequenc-
ing[J]. Nature, 2009,461(7265):814-818.

[35) Acinas S G, Sarma-Rupavtarm R, Klepac-Ceraj V, et al.
PCR-induced sequence artifacts and Bias: insights from com-
parison of two 165 rRNA clone libraries constructed from the
same sample[J]. Appl Environ Microbiol, 2005,71(12):8966 -
8969.

[36] Braslavsky I, Hebert B, Kartalov E, et al. Sequence informa-
tion can be obtained from single DNA molecules[J]. Proc Natl
Acad Sci USA, 2003,100(7):3960-3964.

[37] Korlach J, Marks P J, Cicero R L, et al. Selective aluminum
passivation for targeted immobilization of single DNA poly-
merase molecules in zero-mode waveguide nanostructures [J].
Proc Natl Acad Sci USA, 2008,105(4):1176-1181.

[38] Driscoll R J, Youngquist M G, Baldeschwieler J D. Atomic-
scale imaging of DNA using scanning tunnelling microscopy[J].
Nature, 1990,346(6281):294-296.

[39] Ikai A. STM and AFM of biolorganic molecules and structures
[J1. Sur Sci Rep, 1990,26(8):261-332.

[40] Tanaka H, Kawai T. Partial sequencing of a single DNA mol-
ecule with a scanning tunnelling microscope[]]. Nat Nanotech-
nol, 2009,4(8):518-522.

[41] Postma H W. Rapid sequencing of individual DNA molecules
in graphene nanogaps[J]. Nano Lett, 2010,10(2):420-425.

[42] Gigliott B, Sakizzie B, Bethune D S, et al. Sequence-indepen-
dent helical wrapping of single —walled carbon nanotubes by
long genomic DNA[J]. Nano Lett, 2006,6(2):159-164.

[43] Meng S, Maragakis P, Papaloukas C, et al. DNA nucleoside

interaction and identification with carbon nanotubes [J]. Nano

Lett, 2007,7(1):45-50.

Albertorio F, Hughes M E, Golovchenko J A, et al. Base de-

pendent DNA —carbon nanotube interactions:

{44

[l

activation en-
thalpies and assembly—disassembly control {J]. Nanotechnology,
2009,20(39):395101-395109.

[45] Meller A, Nivon L, Branton D. Voltage—driven DNA transloca-
tions through a nanopore[J]. Phys Rev Lett, 2001,86(15):3435-
3438.

[46] Fologea D, Gershow M, Ledden B, et al. Detecting single
stranded DNA with a solid state nanopore{J]. Nano Lett, 2005,
5(10):1905-1909.

[47] Lagerqvist J, Zwolak M, Di Ventra M. Fast DNA sequencing
via transverse electronic transport[J]. Nano Lett, 2006,6(4):779-

782.



