
USOO5714330A 

United States Pilt?llt [19] [11] Patent Number: 5,714,330 
Brenner et a1. [45] Date of Patent: *Feb. 3, 1998 

[54] DNA SEQUENCING BY STEPWISE 5,552,273 9/1996 Brenner 435/6 
LIGATION AND CLEAVAGE 5,599,675 2/1997 Brenner ..................................... .. 435/6 

[75] Inventors: Sydney Brenner. Cambridge, England; FOREIGN PATENF DOCUMENTS 
Robert B. DuBridge, Belmont. Calif. 0 246 864 B1 11/1987 European Pat. 01f. . 

0 392 546 A2 10/1990 European Pat. OE. . 
[73] Assignee: Lynx Therapeutics, Inc., Hayward, 0 520 039 Bl 12/1992 European Pat. 0ft‘. . 

Calif, 2 687 851 5/1994 France . 
WO92/l57l2 9/1992 WIPO . 

[* ] Notice: The term of this patent shall not extend wO94/01532 1/1994 WIPO - 
beyond the expiration date of Pat. Nos. “DQ530053 7/1995 WIPO ' 

5.552.278 and 5.599.675. OTHER PUBLICATIONS 

Brenner and Livak. “DNA ?ngerprinting by sampled 
[21] Appl‘ N‘“ 667’689 sequencing,” Proc. Natl. Acad. $61.. 86: 8902-8906 (1939). 
[22] Filed: Jun. 21, 1996 Carrano et al, “A high-resolution. ?uorescence-based. semi 

automated method for DNA ?ngerprinting.” Genomics, 4: 
Related US. Application Data 129-136 (1989). 

[63] C fse N 410 16 Mar 4 995 P Szybalski et a1. “Class-HS restn'ction enzymes—a review.” 
ontinuation-in-parto r. o. ,l , .2 ,l , at. _ 2 _ 1 _ 

No. 5,599,675, which is a continuation-in-part of Ser. No. Gene 100 13 26 (199 ) 
230,441, Jul. 25, 1994, Pat N0. 5,552,278, which is a - ' 
continuation-in-part of Ser. No. 222,300, Apr. 4, 1994, (List commued on next Page) 

abandoned‘ Primary Examiner—W. Gary Jones 
[51] Int. Cl.6 ............................ .. C12Q 1/68; C12P 19/34; Assistant Examiner-Paul B. 'Iran 

C07H 21/04; C07H 21/02 Attorney, Agent, or F irm—Stephen C. Macevicz 
[52] US. Cl. .......................... .. 435/6; 435/91.l; 435/912; 

435/9152; 435/9153; 536/243; 935/77; [57] ABSTRACT 
935/73 The invention provides a method of nucleic acid sequence 

[58] Field of Search ............................ .. 435/6, 91.1, 91.2, analysis based on repeated cycles of ligation to and cleavage 
43 5191.52, 91.53; 536/243; 935/77. 78 of probes at the terminus of a target polynucleotide. At each 

such cycle one or more terminal nucleotides are identi?ed 
[5 6] References Cited and one or more nucleotides are removed from the end of the 

target polynucleotide. such that further cycles of ligation and 
U-S- PATENT DOCUMENTS cleavage can take place. At each cycle the target sequence is 

4,237,224 12/1930 Cohen ..................................... .. 435/68 shown“ by ‘me °r “1°” nucleotides “mil ‘he nuclm?de 
" 435/172 sequence of the target polynucleotide is determined. The 

536/27 method obviates electrophoretic separation of similarly 
435/91 sized DNA fragments and eliminates the di?iculties associ 
435/6 ated with the detection and analysis of spatially overlapping 

-- 435/91 bands of DNA fragments in a gel, or like medium. The 

4,293,652 10/1981 Cohen 4,321,365 3/1982 Wu et a1. .. 

4,683,202 7/1987 Mullis ..... .. 

4,775,619 10/1988 Urdea ...... .. 

5,093,245 3/1992 Keith et a1, 
‘'4 a1- -- ---- - invention further obviates the need to generate DNA frag 

, , ea .......... .. .. t fl. 1 - ‘I m It 'th A 
5,126,239 6/1992 Livak Clal. .. .. 435/6 (mg Smgls S an mp “5 W1 3 

5,242,794 9/1993 Whiteley et a1. . 435/6 P y ' 
5,403,703 4/1995 Brennan etal. .. 435/6 
5,508,169 4/1996 Deugau et a1. ........................... .. 435/6 28 Claims, 18 Drawing Sheets 

24 26 

22 20 

1 | 

nnnuuféiaifé‘; nuuuuuunuuuuu i r i uunuuummmuu , . . 

Mum/1339159] nnuuuuuuununu hi?iiif: muummn .. . 
, . 

,5 l 
L l 

PROBE 

AUGMENTED PROBE 



5,714,330 
Page 2 

OTHER PUBLICATIONS 

Kim et al. “Cleaving DNA at any predetermined site with 
adapter-primers and Class-HS restriction enzymes.” Sci 
ence. 240:504-506 (1988). 
Szybalski. “Universal restriction endonucleases: designing 
novel cleavage speci?cities by combining adapter oligo 
nucleotide and enzyme moieties.” Gene. 40: 169-173 
(1985). 
Barany. ‘The ligase chain reaction in a PCR world.” PCR 
Methods and Applications. 1: 5-16 (1991). 
Wu and Wallace. ‘The ligase ampli?cation reaction 
(LAR)-—ampli?cation of speci?c DNA sequences using 
sequential rounds of template-dependent ligation." Genom 
ics. 4:560-569 (1989). 
McGuigan et al. “DNA ?ngerprinting by sampled sequenc 
ing." Methods in Enzymology. 218: 241-258 (1993). 
Nelson et al. “Elfect of site-speci?c methylation on restric 
tion endonucleases and DNA modi?cation methyllrans 
ferases." Nucleic Acids Research. 21: 3139-3154 (1993). 
Roberts and Macelis. “REBASE-restriction enzymes and 
methylases.” Nucleic Acids Research. 21: 3125-3137 
(1993). 
Syvanen et al. “A primer-guided nucleotide incorporation 
assay in the genotyping of apolipoprotein E.” Genornics 8: 
684-692 (1990). 
Broude et a1. “Enhanced DNA sequencing by hybridiza 
tion.” Proc. Natl. Acad. Sci.. 91: 3072-3076 (1994). 
Hultman et al. “Direct solid phase sequencing of genomic 
and plasmid DNA using magnetic beads as solid suppo .” 
Nucleic Acids Research. 17: 4937-4946 (1989). 
Loakes et al. “S-Niroindole as an universal base analogue." 
Nucleic Acids Research. 22: 4039-4043 (1994). 

Nichols et al. “A universal nucleoside for use at ambiguous 
sites in DNA primers.” Nature. 369: 492-493 (1994). 
Nikiforov et al. “Genetic bit analysis: a solid phase method 
for typing single nucleotide polymorphisms.” Nucleic Acids 
Research. 22: 4167-4175 (1994). 
Berger. “Expanding the potential of restriction endonu 
cleases: use of hapaxoterministic enzymes.” Anal. Bio 
chem. 222: l-8 (1994). 
Unrau et al. “Non-coding arnplication of speci?c DNA 
fragments from whole genomic DNA digests using DNA 
‘indexers.’” Gene. 145: 163-169 (1994). 
Syvanen et al. “Convenient and quantitative determination 
of the frequency of a mutant allele using solid-phase minise 
quencing: application to aspartyglucosaminuria in Finland.” 
Genomics. 12: 590-595 (1992). 
Wiaderkiewicz et al. “Mismatch and blunt to protruding end 
joining by DNA ligases.” Nucleic Acids Research. 15: 
7831-7848 (1987). 
Tsiapalis et al. “On the ?delity of phage T4-induced poly 
nucleotide ligase in the joining of chemically synthesized 
deoxyribooligonucleotides.” Biochem. Biophys. Res. 
Comrn.. 39:631-636 (1970). 
Go?in et al. “Nicks 3' or 5' to AP sites or to mispajred bases. 
and one-nucleotide gaps can be sealed by T4 DNA ligase.” 
Nucleic Acids Research. 15: 8755-8771 (1987). 
In et al. “Energy transfer primers: a new ?uorescence 
labeling paradigm for DNA sequencing and analysis.” 
Nature Medicine. 2: 246-249 (1996). 
Ju et al. “Fluorescence energy transfer dye-labeled primers 
for DNA sequencing and analysis.” Proc. Natl. Acad. Sci.. 
92: 4347-4351 (1995). 



US. Patent Feb. 3, 1998 Sheet 1 of 18 5,714,330 

16 

1o 

RECOGNlTlON [ 
SITE 

12) \14 
)Fig.1a 

24 
26 

I 22 2O ) 
uuuuuféiaifé‘; uuuununnnnuuui TE ummuumunnuu . . . 
nnunulggmgg nnuuuuuuuuunn mun?" : NNNNNNNN . . . 

| I 

25 1 
PROBE 

AUGMENTED PROBE 

Fig. 2 



US. Patent Feb. 3, 1998 Sheet 2 of 18 5,714,330 

f 9 
Ligate l—‘ W 

i-M? 7////A 

J5 K 
21 

17 

23 

Fig. 1b 



US. Patent Feb. 3, 1998 Sheet 3 of 18 5,714,330 

:15 3' 

l Polymerase and Labeled ddNTPs 

Ligate |__I /////// 

l-N* l ////A 
I ’ //// 

Polymerase and dNTPs I \ 
(Excise, extend & displace) 17 

' //// 

25 

c'eave l lé//////l | 

l 
'_ /////,0 

I ’///// 

Fig. 1c 



US. Patent Feb. 3, 1998 Sheet 4 of 18 5,714,330 

151 3, 
___'______I 130 

5| 

7/» I H1 
Ligate 3' 

> / l\1 34 

r—[—-'J 7% 
132 j \ 

Extend/Identify ' l 17 

FRI-‘J V/A 

‘f 1 9 

(Wm-"Ll 7% 

Cleave l 
. 23 

___r__—'] ‘NJ-‘U V/// 
E] . ' 

Fig. 1d 



U.S. Patent Feb. 3, 1998 Sheet 5 of 18 5,714,330 

15 
3 

Extend with dATP(3'-NH2) 
(1 50) 

l I] 2 155 
An 

——_IVT—__I 154? 
Ligate Probe l L—‘ 7/) 

(156) / 
L V '15“? 0% 

' \ \ 17 

Cleave } 19 

:: ‘JAM-T1 7/, 
23 

Fig. 1e 



US. Patent Feb. 3, 1998 Sheet 6 of 18 5,714,330 

"Mg 
100 

SI 
L V////,I 1 

Anneal/Ligate / p 

L V/////I *1 
1P 

I 04 J | 1 02 
3 5 

Anneal/Ligate / 

I V////,I I 
l Y/////I 1 

NJ Fig. 1f 

15 , 

{£35 ‘2° 
3| 
I V////.] 1 

124 j / 
I Y/// /./1 I 

122 

lééf: Anneal/Ligate p 

I 7 q / 
I [///// I I 

V/////I I 

Anneal/Ligate 

Fig. 19 



US. Patent Feb. 3, 1998 Sheet 7 of 18 5,714,330 

5, 3‘ w 

- T - A p -(L)n-Ft 

205 206 
202 204 

L 
15 . . 

Z Llgate / Detect vla F1 (208) 

‘ - ' mm 

15: 

15: 

-T_A_ 

_A-T 

Cleave with second nuctease and wash (210) 

Extend with DNA polymerase 
in presence of ddNTP-Fx (212) 

Detect via Fa 



US. Patent Feb. 3, 1998 Sheet 8 of 18 5,714,330 

[3° ,, / 
75/ / 
7? 
3/7 / I SOLID 
// 

7/ PHASE 

34 

O’. 
/, SUPPORT 

719 32 

l I l 

1 0 20 3O 

NUCLEOTIDES SEQUENCED 

“11131 M 
Fig. 3a 

on \J R 

I 
-10 Cycles - 
ligation *- - //,Z 
cleavage 

-Then cap 1 

l 

10 

NUCLEOTIDES SEQUENCED 

Fig. 3b 







U.S. Patent Feb. 3, 1998 Sheet 11 of 18 5,714,330 

50 
.0. "HM m 

0 1 O 20 3O 

NUCLEOTIDES SEQUENCED 



US. Patent Feb. 3, 1998 Sheet 12 of 18 5,714,330 

I——“"* /¢/ I 

.. // f’ /L 
// 

52 ‘ 

C r———1 J ' /;4 
-10 cles I / ligatsi'on F 
cleavage ——‘_‘—>' .+ 

-Then cap I .-——72[;— 

\\ 

g | l I 

0 1 0 20 30 

NUCLEOTIDES SEQU ENCED 



US. Patent Feb. 3, 1998 Sheet 13 of 18 5,714,330 

Ausua1u| GQLIGOSGJOI'IH 



US. Patent Feb. 3, 1998 Sheet 14 of 18 

A1gsua1u| aouaoseuomd 

5,714,330 

Polynucleotide Length 



5,714,330 

0 
Q 

2" 
LI. 

596..- 023202201 

Feb. 3, 1998 Sheet 15 of 18 

I: 

N 
‘D 

can: com; com" 
I'I'IIIIIIIIIITTIITIIIII|I‘I|II[| 

Q Q 
C) Q 
N D 
N N 02% 

US. Patent 

Ausualul GOLIGOSGJOI‘IH 



US. Patent Feb. 3, 1998 Sheet 16 of 18 5,714,330 

450... 400_ 350 300"1 250 200____ 150_ 100 50___ 0 

Ausua1u| aouaasamnH 



US. Patent Feb. 3, 1998 Sheet 17 of 13 5,714,330 

Fluorescence Intensity nhnhhln-l-l-I.[.l-l-l-hhhl-hhi-l-nl-hln ‘JQQJM 
Polynucleotide Length 

Fig. 5a 

Fluorescence Intensity 
Polynucleotide Length 



US. Patent Feb. 3, 1998 Sheet 18 of 18 5,714,330 

Fluorescence Intensity 
Polynucleotide‘Length 

Fig. 5c 
















































	Page 1 - Bibliography/Abstract
	Page 2 - Bibliography/Abstract
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Drawings
	Page 10 - Drawings
	Page 11 - Drawings
	Page 12 - Drawings
	Page 13 - Drawings
	Page 14 - Drawings
	Page 15 - Drawings
	Page 16 - Drawings
	Page 17 - Drawings
	Page 18 - Drawings
	Page 19 - Drawings
	Page 20 - Drawings
	Page 21 - Description
	Page 22 - Description
	Page 23 - Description
	Page 24 - Description
	Page 25 - Description
	Page 26 - Description
	Page 27 - Description
	Page 28 - Description
	Page 29 - Description
	Page 30 - Description
	Page 31 - Description
	Page 32 - Description
	Page 33 - Description
	Page 34 - Description
	Page 35 - Description
	Page 36 - Description
	Page 37 - Description
	Page 38 - Description
	Page 39 - Description
	Page 40 - Description
	Page 41 - Description
	Page 42 - Description
	Page 43 - Claims

