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WE JEEABEN WV YRR A N TAECZ5ER T IAT WP ERIBS], K = A 5L K A7
FEAR 22 RR/INVAN R 1. 850 1 (R SRCRD LR R A B R 7 DX SR 00 138 V1) o 2 4 R A B R BOR. 2 T/E DNA #1715 (7.1
FURA O ) SRR e, 3R T — PR TR ) BB AR BR BRI T3 1A A I e S T SEAUBEIL 45 5RR
X TEANFS S WIAT I, AT B TR vk F TR AR TS E R LT i)

R DNA 507, T EMED, 90oKEBRMN, AR

FROES Q523

g — U1 AE AL A5 B K 20k DNA W P4
ARPVREN, LG AATT RS A3 P4 5 145 R
b, ANEX A s e N BT 51 1)
A7 BT A PR AR SRR, AN B B —
fE L HERT 800 bp e K FERY J Beadb ATl e, AAT]
IR YE B A2 M EE, A B
PR, NS 2540 —BUr . H TRk
ASEAE,  AATBESEE T 28n] B -5 2 S DR 2 )
JP IS B, BTz R ) S MR R
(clone-by-clone shotgun sequencing) e lig Al 4> 5 X 4
546 7% I J¥ (whole-genome shotgun sequencing,
WGSS) 5 M B, [ B A S8 3 PR 4130 )5 156 B (THG S C) @
FFEF $7 2 7] (Celera Genomics) ™43 i) K FH 1 P4 i
M E T N K R A I,

I3 SRR R A A 2 B AR, i e B
P B S, S fE, RS B B
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GAE RS, BRI — i 2w 2 I AR,
AL DR SRR ()4 IE 2 A T Bk ] A At
K, BHHEREAFER A AT SRR T, Y
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J¥ B R A7 AT 0 A2 S5 M2 000 P T 18 1 10 o K ) R
BRI TR C s e Y, HERIE 58 I
NBEERAFFHIEATE R, HAid &35 KR/
[R5k 1 (gap)341 /> (308 AMA7 T Be (o it 41), It
HIEA 7 A2 2Y 6% 16 5 G 8 0 40 A EAT
¥, IR SE R SR B S o R, — R E T
A7 v [ JE A 2 AR AE HF 2 1K Bk 1 (finishing gaps)s
T3 IIT I TOVE T AR AT v B R () 4 1 (clone
gaps). X 1K HE [ J8 121 (1) 7 B R AT 50 R B 46K
oS B P A BB R XL AR T
AT A H AR TV T T SRR S . SRR
WP (0 DX 3k, I HLOKHS 70 8 b e 35 22 R i iz 8
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DX B 5, RO TR 934 22 R AT 3R TE
CEYIPAR

LA s SR 1) 1) A it oy WL, BT AT
eI T 8w b R TCVE I N IR R o, B BB
W) 1) Rl di 28 7> 91 A (Scaffold) () SZ AN A
R % 7 7 ki H A, 1 STS. EST. RFLP.
RAPD. AFLP 5545, il FHRMR P — in) . >R B
R E A A B, Gl R B KT Rz R
BT R A RO “ShavE” AR 417 4
e 1ol A (R PRI AT Sy Ak, LA e N B
B, DRI DR 20 09 T vk 2R Al FH R 4 B P 51 S )
(RN AHIX G 7 VF IR AN B AR A L i e i A7 (19 1)
B, XA D) T B R R IR AR SR A e 1 G i)
AW 7S AR S A, Hargl a2
— BRI IR RE. B, R % 2% 1 B (optical
mapping)® 2HE A, BEGEAE HL 0 T B e K
v B BRI PR B D T, e SRR T S S
B PCR ¥, #ESEEHMEME, KKEHT
A B Y FEAR LN (Scaffold) (I HESL, 75— & FERE
RS T R R Y A A R ) ), R
T 6B 3 HER A RCK SO RCK A, AN
BT ve kb LA R BEK .

2 R ARFARRE

JRF- ) A0 (atomic force microscopy, AFM)
B T WA T LA IR hResh, e HA
MR “F7 Mife. Ik, FIH AFM 7644
KRJE X DNA 3 F AT H 8 l fig, AL
LT %7 DNA 431 I HERf & A7 D151, i B Ge g Xt
K€L E (1) DNA 731 Jr BEU #5232 ok e, it
Ah, BFELAS DNA J3 AT B F 50 B B AH G HeAR
9 H T e 29, fE Bk AR e ) dE el b, AL
P — AR 7K BEXF DNA AT VI3, 43
B A SRS, RATRRZ A AT AR T
2K M 7 (ordered single molecule sequencing based
on nanomanipulation, OsmSN) 0% (& 1). H A&
B M A E M VT RIEOR, 847 1K DNA ¢
Bz IR A i ) s v Be (500 bp Ze4q), ARG
I GORERMN r B Ry /N B, BT 901
PCR ¥ 14, FEREAT H LI . 200 90 K #R I 3K 15
13 2 /N BEAE K DNA B A7 &R0 2 B4
(), T AT ZRB D fE, AT MARA F e
i T BEMLIN P 55 2. 1 T8 SR DD RT R 2 0t
DNA Ji Bt i — & B a4 2%, DRt T ELAR

20 nm (124 60 bp) (RIS, HELLHIK
DI, A EE T 250 bp, PIEKE EEAE 100 bp LA
B A]. $7 FL DNA [EAR B i nr LA 1 Mbp LA E 1)
DNA F BT Hr 4N, Ak s bl LUK R 31
X HEEA GO AR AT R AR L. G, W] DUOH T
PRICVE vE I Fr B 1)

/ <
L / I/ 1 _’Q T Nt

Stretch DNA

Position dissection Single molecular Sequencing
and pick up amplification

(a) (b) (c) (d

Fig. 1 Ordered single molecule sequencing based on
nanomanipulation

(a) Stretching DNA molecule on substrate with molecular combing

technology. (b) Image, cut and pick up DNA with AFM tip. (c)

Amplification of the picked single molecular DNA.(d) Sequencing.

5E4 (1) OsmSN Jy b Ay 2t AT 9f 4%, AL,
H1F H AT DRI BOLRIA R BE A 3L, MRt
ANy, ERISEBOX ARG HATEROR EikAy
FERAE. (HIE, A2 HATRIECARK R, i OsmSN
SR T LR A5 C 2845 5E X 3 DNA v BUI P 51 45
B BRI R BT IO B WA, i FLA
HOCAERL A AL I 1K, DRI DAtk
NP EGRAL bRIC A P SIHHE IO, 55 ek
M&i& (K 2) Proesrf i P olE e, KRBT
SRR Y 224 iy SR s ARME B JCTA P (XL, 0t
TN 5 R HUAH G R CURE R AT B .

(2) (b)

A sequence with repeats

ARM |
Shotgun l L i Specified
i
— —
Assemblei \ l Assemble
Difficult to finish —— e —

Fig. 2 Assemble sequences with OsmSN and shotgun
(a) Traditional shotgun sequencing, assembly of clones with repeats will
be difficult. (b) OsmSN strategy, combined with shotgun method, getting
some sequence information with known position guides the assembling

process.
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3 R RS

H TR — S AT, FATIER T A
o] S 1, BEAT VRS, LREA AR A
AR IE S S BUWES, BT A
FIT M, AR SRR AN SR A i oV TE A
fifi e J P 0. R OsmSN 7k, ek LA
fREALE P A, JF HIX LA & i 5 0 A e
AT ) PR T 8 LT, SRS BLIZ LA R SIAE h
Iy rhRid, KRR B T R AR A I .

HENRUIE 0 N =887y - IRAFBEAL Y By
A, A e H UL ERFR AT S, Bbsid) 7 A
TS REN LT BLbfZ.

SRIBENL P BUF A1 235070 BEAUL T 03— po
BEAT SRR BE LIy B S bRk A2, T H A
R ) & XU 75 (double-barrelled), % — AN oy,
e JEAT I ) 5 B ) PO XL 0, DA 5 T g 1)
o ey S SR INE S M UN € PN PG T
AR e B AR U S L REA LIRS —
LB AL BIE 3 000, FRAEZE 500 1) IE A3 AT Y
P v B v B AEREAN MV 5 I e B i A R il A2
YA 600 ArifEZE 100 1 1E 50 A 1 7 410, A HX
50 7 HU A A 1% v I 15 Mk BEHTL I P U451 e B
J. TR H ) e IR ok T A 91 1 )
BEALL T 1) 3 471 S T2 kS SR 1R Y 4% Tambda I TR 4%
FER 45 41 (Accession Number: NC_001416), &K
97 004 (48 502 x 2) bp.

PAFR T AR IC T . %W AR T H AFM
7E DNA 731 EVJHER IR e AL BT B RE 8T
B e WA FRC 4. D) F A S BAE — 2l
J SN T i A £ e KK RS — 2

PARRIC 245 T RENL N Bef 3. 0 255 )
AT Sk AT FIBE LT BUY 21U ARM D145 B
PAFIRICE A, EF A DK 3). BT 541
LOXS & P E B N A s F 5, TR
FOX S T S A 2 P L, DRI TR S AR A
AT PR e 7R3 — 7 TS A H LA 33 55 L RS
JEE R IE B AL O FE (0 77 I A —FE, KR
1 A& LT Blast®7 1) B 43 2l 245 B X ZE {4 (Gapped
extension by score-limited dynamic programming).

YRR, [N BATTE K A phrap (http:/www.
phrap.org/) HfEHE 7R KAF I RENL v B e kAT T
PHEZ.

Prog. Biochem. Biophys. 2006; 33 (7)
Merge
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Get the random sequences
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mark sequences Y

Is there overlap
between
adjacent marks
with the right
interval?
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mark sequences
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the extending
equirement?
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Fig. 3 The assembling procedure of our strategy

Exist
overlap?

ARG A ROE T IR, BATT70 5000 P Ak
HIP 4. TG lambda FE R4 P 51 N A3
P 4% 3£ F) lambda J3* 41 1 phrap $f 32 45 R A 7R
P Pl

M 4 BATH A, A S ARIE X R
FEHIREATINY, SR phrap F2Jp-f4 R 00 B

EcoR 1(26 1051) EcoR 1 (39 169)
EcoR [ (21 227)\ EcoR 1 (31 748y EcpR 1 (44 973)

Bacteriophage lambda, complete genome
48 502 bp

EcoR 1(44 973)  EcoR [ (69 729
FroR T (36169) coR I( EcoR)I(74 607
1

(31 748) coR (80 2)50)
5 C
N \ \ \ / / / 5 "ECI 871?9731)475)

Two joint lambda genomes
97 004 bp

(@)

;14 973)  EcoR 1(69 729

i Bkt e,
Ecolff?gligggl D)\ \ \ / / /E“’I}Efc(fﬂ \%2913) 475)
Assembled joint lambda genomes
97 000 bp

EcoR 1(20 885)

EcoR 1(15 242)
EcoR 1(10 364), \

EcoR T(28 306)
/ EcoR 1(34 110)

Phrap assembled
48 590 bp

EcoR 1 (27 703)

FeoR 1(14 478) FcoR 1(20 282) lfcoR 13 345) 58 220

Phrap assembled reverse complemented
48 590 bp

©

Fig. 4 The assembling results
(a) EcoR | restriction map of lambda phage genome. (b) The map of
two joint lambda phage genomes. (¢) The map of the assembly sequence

with our strategy. (d) The map of the assembly sequence with phrap. (e)

The map of the sequence complemented with (d).
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A Strategy for Ordered Sequencing Based on
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Abstract With the limitations of conventional sequencing technologies, there still remains many gaps in complex

genomes including the completed human genome. The closure of gaps as well as the solution of other problems

caused by repeat sequences call for the development of novel techniques and strategy. Thus an ordered sequencing

strategy is proposed based on the experimental advancements in positioning dissection and isolation of single DNA

molecules with AFM nanomanipulation. The preliminary results of computer simulation verify its feasibility and

indicate the potentialities in overcoming some intractable problems in current sequencing projects.
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