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(57) ABSTRACT 

Methods and compositions expand the options for making 
primers for use in amplifying nucleic acid segments. The 
invention eliminates the step of custom synthesis of primers 
for Polymerase Chain Reactions (PCR). Instead of being 
custom-synthesized, a primer is replaced by a combination 
of several oligonucleotide modules selected from a pre
synthesized library. A modular combination of just a few 
oligonucleotides essentially mimics the performance of a 
conventional, custom-made primer by matching the 
sequence of the priming site in the template. Each oligo
nucleotide module has a segment that matches one of the 
stretches within the priming site. 

16 Claims, 9 Drawing Sheets 
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NUCLEIC ACID AMPLIFICATION USING 
MODULAR BRANCHED PRIMERS 

2 
thousands of copies for individual users, thus dramatically 
slashing the expense per reaction and making the primers 
instantly available. However the number of samples 
(sequences) in such a library would be too large to be This application is a continuation-in-part of U.S. Ser. No. 

08/384,699 filed Feb. 6, 1995 now U.S. Pat. No. 5,627,032, 
which is a continuation of U.S. Ser. No. 07/810,898 filed 
Dec. 20, 1991 now abandoned. 

The U.S. Government has rights to the invention pursu
ant to Contract W-31-109-ENG between the U.S. Depart
ment of Energy and the University of Chicago representing 
Argonne National Laboratory. 

5 practical. For example, even the shortest primer expected to 
be unique in a plasmid-sized template, a nonamer, would 
require a quarter of a million sequences to be prepared, each 
in a separate receptacle. 

New approaches to nucleic acid amplification are needed 
10 that are economical and can be scaled up and automated. 

The invention provides methods and compositions that 
eliminate the need for custom synthesis of primers used in 
methods of amplifying nucleic acid segments such as the 
Polymerase Chain Reactions (PCR). Instead of being 15 

custom-synthesized, a primer is replaced by a combination 
of several branched and/or covered oligonucleotide modules 
selected from a pre-synthesized library. A modular combi
nation of just a few oligonucleotides essentially mimics the 
performance of a conventional, custom-made primer by 20 

matching a sequence of a priming site in a template. 
There are growing needs to perform hundreds and thou

sands and in the near future-tens of thousands, and perhaps 
millions of different amplification ( e.g. PCR) reactions in 
areas as genome mapping, biomedical research and clinical 25 

diagnostics. In genome mapping, the locations of thousands 
of markers are being determined relative to each other and 
to such clones as YACs, cosmids, BACs and PACs. These 
locations are continuously updated by performing many 
different PCR reactions, each corresponding to a different 30 

marker, because the number of available markers and clones 
is growing rapidly. In biomedical research, with the explo
sive growth of the number of known genes related to various 
diseases, the need to screen a large number of mutations in 
many genes simultaneously will very soon require prohibi- 35 

tively large numbers of different PCR reactions to be per
formed for determining the effect of the various mutations 
on the diseases. With the number of fully sequenced 
genomes growing rapidly and including human sequences, 
simultaneous comprehensive polymorphism tests of thou- 40 

sands of genes is likely. Large scale screening will then be 
required for each individual to test predisposition for various 
genetic conditions. 

One of the limitations of the present methods is the need 
to prepare large numbers of customized primers. Rather than 45 

synthesizing primers specifically for each reaction, a presyn
thesized library could be made. However, maintenance and 
management of a library that contains many thousands of 
customized primers is a bottleneck, for example in genome 
mapping. About a million primers will be required in the 50 

near future for genome-wide mutation screening. Manage
ment of such a huge library is very difficult. One alternative, 
cheap de nova synthesis of primers each time they are 
needed, may in the future be viable for small number of 
primers, at best-thousands of primers at a time. For much 55 

larger numbers of primers, this alternative is prohibitively 
expensive. Manual handling of great numbers of PCR reac
tions is exceedingly difficult. Dedicated robots are already 
under development for this purpose. In this instrumentation 
development, the main outstanding problems are synthesis, 60 

storage and handling of a large number of different PCR 
primers. 

SUMMARY OF THE INVENTION 

The methods and compositions of the present invention 
eliminate the need for custom primer synthesis in methods 
to amplify nucleic acid segments, e.g., the polymerase chain 
reaction (PCR). One aspect of the invention makes it pos-
sible to instantly assemble a primer of a given sequence 
using a pre-synthesized, modular, oligonucleotide library. 
Modular primers may be branched or covered. Branched 
primers have a three dimensional structure that is basically 
a three-way junction when annealed to a template. Covered 
primers are similar except for the absence of one portion of 
the junction. The stem portions of branched primers are 
constant and bind portions of variable modules together to 
give specificity to the initial priming ( extension) yet allow 
amplification using conventional primers to proceed. 

The invention is directed to methods and compositions for 
amplifying a segment of a nucleic acid template, in particu
lar by a polymerase chain reaction. The method includes 
annealing the template to a first branched primer which 
includes both front and back oligonucleotide modules. 
"Front" refers herein to the 3' extending (downstream) 
sequence and "back" refers to the 5' end (upstream), both 
terms are in reference to the direction of extension of a 
sequence by the polymerase. Each oligonucleotide module 
sequence has a nucleotide sequence designated the stem 
segment. The stem segment sequences of the front and back 
oligonucleotide modules are complements of each other, and 
therefore are capable of annealing to each other. The stem 
segments when annealed form the stem of a branched 
primer. 

The two oligonucleotide modules (front and back) also 
have an "arm segment" which is complementary to a nucle
otide sequence site in a template. A "template" is a nucleic 
acid segment, a part of which is to be amplified. The sites to 
which the two arm segments are complementary are suffi-
ciently close to each other in the template so that the first 
branched primer forms a 3-way junction when annealed to 
the template. The arm of the front oligonucleotide module of 
the first branched primer is extended on the template by a 
polymerase enzyme to form a first initial extension strand. 
The first initial extension strand is then annealed to a reverse 
primer which may be either branched (a second branched 
primer) or not and which is extended on the first initial 
extension strand by a polymerase enzyme to form a second 
initial extension strand. The second initial extension strand 
is amplified by using amplification primers that include a 
reverse primer and/or at least one primer homologous to the 
stem sequence of the first and/or second branched primer. 
The arm of each oligonucleotide module sequence prefer
ably contains at least one artificial base to reduce steric 
hindrance that may be caused by proximity of the stem to the 
extension point and/or to enhance the annealing stability. An 
intercalator group is optionally linked to an arm to stabilize 

Almost a million-fold discrepancy between the scale of 
primer synthesis (1.0 µmol) and the amount of primer 
required for a conventional PCR reaction (2.0 µmol) could 
be alleviated using a pre-synthesized library of possible 
primer sequences. Such a library could be aliquoted into 

65 the annealing of the arm to the template. Two examples of 
intercalators to stabilize the annealing are 1) acridine, and 2) 
2-methoxy6-chloro-9-aminoacridine. 
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Optionally, at least one of the back modules of the 
amplification primers is a 3' protruding sequence, i.e., when 
annealed to its priming site, the primer covers one or more 
extra bases in this site as compared to the front module. The 
protruding amplification primers preferably comprise artifi- 5 

cial non-discriminating bases in order to reduce the number 
of possible sequences of these primers (the size of primer 
library.) 

4 
e. amplifying by PCR the second initial extension strand 

that contains the sequences of the stems of the first and the 
second branched primers, using amplification primers 
homologous to the stem sequences. 

The stems of the first and second branched primers may 
have different sequences. Optionally, at least some of the 
amplification primers are protruding which means that when 
annealed to their priming sites, they cover one or more extra 
bases in these sites as compared to the front module. The The invention relates a method for amplifying a segment 

of a nucleic acid template, said method comprising: 10 extra bases are intended to increase the sequence-specificity 
of amplification. a. annealing the template to a first branched primer, said 

primer comprising a front and a back oligonucleotide 
module, wherein (i) the front oligonucleotide module com
prises a stem segment, and (ii) wherein said stem segment is 
complementary to a stem segment of the back oligonucle- 15 

otide module, and (iii) wherein said oligonucleotide mod
ules anneal to each other by means of said stem segments; 
(iv) wherein each of said oligonucleotide modules also 
comprises an arm segment, and (v) wherein said segment is 
complementary to a site in the template, and (vi) wherein the 20 

two sites are sufficiently close to each other in the template 
so that said first branched primer forms a 3-way junction 
when annealed to the template; 

b. extending the arm of the front module of the first 
25 

branched primer on the template by a polymerase enzyme to 
form a first initial extension strand; 

An aspect of the invention is a method for amplifying a 
segment of a nucleic acid template by a polymerase chain 
reaction, said method comprising the following steps: 

a. annealing the segment to a first covered primer com
prising a first primer and a cover oligonucleotide. The 
primer and the cover oligonucleotides each have a stem 
segment that is complementary to the stem segment of the 
other; the primer and cover oligonucleotides are capable of 
annealing to each other via said stem segments; the first 
primer also comprises an arm segment which is comple-
mentary to a site in the template; 

b. extending the arm of the first primer on the template by 
a polymerase enzyme to form a first initial extension strand; 

c. annealing the first initial extension strand to a reverse 
primer, wherein the primer is extended on the first initial 
extension strand by a polymerase enzyme to form a second 
initial extension strand which includes a complement to the 

c. annealing the first initial extension strand to a reverse 
primer which is extended on the first initial extension strand 
by a polymerase enzyme to form a second initial extension 
strand, said strand complementary to the first module of the 
first branched primer; and 

30 first primer; 
d. amplifying the second initial extension strand by means 

of PCR using amplification primers that include the reverse 
primer and a primer homologous to the stem sequence of the 
first covered primer. The arm may contain an artificial 

d. amplifying the second initial extension strand by using 
amplification primers. 

An aspect of the invention is a method for amplifying a 
segment of a nucleic acid template by a polymerase chain 
reaction. The method includes the following steps: 

35 base-position. An "artificial" base or nucleotide ( e.g. inosine 
or 3-nitropyrrole) matches more than one of the 4 natural 
bases (A, C, G, T) in the opposite strand with approximately 
equal stability. At least one of the amplification primers is 
optionally protruding by one or more bases immediately a. annealing the template to a first branched primer 

comprising a front and a back module, each of said modules 
comprising a stem segment complementary to a stem seg
ment in the other module. The modules are capable of 
annealing to each other via said stem segments to form a 
stem of the primer. Each module also comprises an arm 
segment which is complementary to a site in the template. 
The two sites corresponding to the two modules are posi- 45 

tioned sufficiently close to each other in the template so that 
said branched primer annealed to the template forms a 
3-way junction; 

40 downstream of the 3'-end. This protrusion increases the 
sequence-specificity of the amplification. The protruding 
amplification primers may include artificial bases. This 
reduces the number of possible sequences of these primers 
that need to be made. 

b. extending the arm of the front module of the first 
50 

branched primer on the template by a polymerase enzyme to 
form a first initial extension strand; 

The binding sites for different oligonucleotide modules 
are sufficiently close to each other in the template strand to 
enable the oligonucleotides to be in contact with one another 
while annealed to these binding sites. This contact should 
not be achieved by means that are too bulky such as avidin 
and biotin that restrict the functioning of the polymerase 
enzyme. In other words the binding should not present a 
physical obstacle for the polymerase function, but rather 
should permit the polymerase to perform the primer exten
sion reaction. This contact essentially serves as a link 

55 between the modular oligonucleotides for enhancing the 
sequence specificity of priming by the modular primer, as 
compared to the sequence specificity of priming by one of 
the oligonucleotides alone. 

c. annealing the first initial extension strand to a second 
branched primer, said primer comprising a front and a back 
module, each of said modules comprising a stem segment 
complementary to a stem segment in the other module, said 
modules annealing to each other via said stem segments, 
wherein each of said modules also comprises an arm seg
ment which is complementary to a site in the template, the 
two sites being sufficiently close to each other in the 60 
template so that said branched primer annealed to the 
template forms a 3-way junction; 

d. extending the arm of the front module of the second 
branched primer on the first initial extension strand by a 
polymerase enzyme to form a second initial extension strand 65 

which strand includes a complement to the front module of 
the first branched primer; and 

The present invention also includes a library, that is, a 
collection of modular oligonucleotides in separate recep
tacles (e.g. microtubes), in which the base sequences of the 
oligonucleotides, e.g. front and back modules, proofreading 
primers, universal primers and the like are stored. Oligo
nucleotides may have both constant and variable segments. 
The base sequence of the variable segment is generally 
shorter than seven nucleotides and varies from one oligo-
nucleotide to another within the collection. The collection 
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contains at least two percent of all possible sequences of the 
variable segment and at least five different sequences. This 
collection (library) of oligonucleotides is suitable for non
covalently forming a modular primer as described in this 
invention. 

The present invention also includes a collection of modu-
lar oligonucleotides possessing a modification of a natural 
DNA conformation, which modification inhibits enzymatic 
primer extension of the 3'-end of the oligonucleotides. This 
collection can be used for making a modular primer of the 
present invention and for priming a strand extension reaction 
by the modular primer. 

The present invention also includes a set ( combination) of 
a first and a second collection of modular oligonucleotides, 
wherein 

all base sequences of oligonucleotides in the first collec
tion comprise a variable segment and a first common 
segment, 

6 
creates a priming site 53 for the front module of the first 
initial (branched) primer at the 3' end of the second extended 
strand. PCR is performed using the reverse primer and the 
front module of the first initial (branched) primer as ampli-

5 fication primers. 

10 

FIG. 2 is a flowchart of schematic representations PCR 
where both initial primers are branched. 

Step A The first initial primer (branched primer#l) 1 is 
annealed to the template 15. 

Step B. The primer is extended by a polymerase 20 along 
the template 15 generating the first extended strand 17. 

Step C. Upon denaturation a second initial primer 
(branched primer#2) 23 is annealed to the first extended 

15 strand 17. 

all base sequences of oligonucleotides in the second 
20 

collection comprise a variable segment and a second com
mon segment, 

Step D. The second initial primer is extended by the 
polymerase generating the second extended strand 23. This 
extension creates a priming site 53 for the front module 2 of 
the first initial (branched) primer 1 at the 3' end of the second 
extended strand. 

Step E. PCR is then performed using the front module of 
the first initial primer (branched primer#l) and front module 
71 of the second initial primer 70 (branched primer#2) as 
amplification primers. This is possible because the third 

the first and second variable segments' sequences vary 
from one oligonucleotide to another within each of the two 
collections; 

25 extension generates the third extended strand 121 which 
contains at its 3' end a priming site 180 for the front module 
of the second initial primer (branched primer#2). 

the first common segment of the first collection is comple
mentary to the second common segment of the second 
collection and can bind non-covalently an oligonucleotide 
from the first collection to an oligonucleotide from the 
second collection, when the complementary segments are 30 

annealed to each other. 

Step F. Optionally the PCR can be performed using 
stem-like universal primers (which are essentially homolo
gous to the stem sequences) for the two front modules ( of the 
first and second initial branched primers). The fourth 
extended strand 124 is generated. The following terms used elsewhere are equivalent to 

those used herein: 

priming oligonucleotide -
auxiliary oligonucleotide = 
composite primer = 
priming -
auxiliary= 
holding segment -
supporting segment -
binding segment -
binding site -

front module 
back module 
modular 
front 
back 
stem segment of the front module 
stem segment of the back module 
arm 
part of the priming site complementary to an 
arm 

an "artificial" base or nucleotide (e.g. inosite or 
3-nitropyrrole) matches more than one of the 4 natural bases 
(A, C, G, T) in the opposite strand with approximately equal 
stability. 

Still further objects and advantages will become apparent 
from a consideration of the ensuing description and draw
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart of schematic representations of the 
PCR process where one initial primer is branched and the 
other is a conventional primer. 

Step A The first initial primer (branched primer) 1 is 
formed by a front module 2 and a back module 3 and is 
annealed to the template 15. 

Step B. The primer is extended by a polymerase 14 along 
the template generating the first extended strand 17. 

Step C. Then upon denaturation a conventional reverse 
primer 21 is annealed to the first extended strand. 

Step D. The reverse primer is extended by the polymerase 
generating the second extended strand 23. This extension 

FIG. 3. shows expanded views of schematical examples 

35 of: 
A A front module 71 used in the PCR following the initial 

extensions. The front module is shown here priming on the 
second extended strand ( or its own PCR product in any of 
the PCR cycles). The 4-th base from the 3'-end, T, is fixed 

40 ( constant) in the front module library in order to reduce its 
size. The priming site shown here is created with the 
emergence of the second extended strand. This priming site 
does not exist in the original template; 33 shows cytosines 
incorporated by the polymerase opposite inosines of the 

45 front module;. 
B. A PRl primer (proof-reading primer 1) 27 used in the 

PCR following the initial extension. The PRl primer is 
shown here priming on the second extended strand at the 
intended site while discriminating against alternative sites 

50 where its two "protruding" 3' end bases 25 are unlikely to 
match. "Protruding" means that extra bases complementary 
to the corresponding template bases at the intended priming 
site immediately downstream of the 3'end of the PRl. The 
priming site shown here is created with the emergence of the 

55 second extended strand. This priming site does not exist in 
the original template. The 3' last 3 bases in this type of PRl 
vary in the library of 43=64 samples of PRl. The fifth base 
from the 3' end, T, is fixed (constant). 

C. A PR2 primer (proof-reading primer 2) 29 used in the 
60 PCR following the extension with PRl. The PR2 primer is 

shown here priming on the sixth extended strand after PRl 
has primed on the 4-th extended strand. The priming site 
shown here is the complement of the extension of PRl. This 
priming site does not exist either in the original template or 

65 in the second extended strand. The PR2 primer primes at the 
intended site while discriminating against alternative sites 
where its two 3' end bases 25 are unlikely to match. The 
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31. fourth extended strand. 
33. cytosines incorporated by the polymerase opposite 

inosines of the front module. 

eighth base from the 3' end, T, is fixed ( constant) while the 
last 3 bases at the 3'-end of this structure of PR2 are variable 
in the library of 43=64 PR2 sequences. 38 shows cytosines 
incorporated opposite inosines of the PRl. 38. cytosines incorporated opposite to inosines of the 

FIG. 4. presents illustrations of branched primer struc- 5 PRl. 
tures: 

Structure A. The simplest branched primer structure, 
consisting of two modules (marked "front" and "back") 
annealed to each other via the "stem" duplex. Each of the 
two modules has an "armf' annealed to the template; 10 

Structure B. A branched primer of a structure similar to A, 
except that a stretch of two inosines is inserted at the 5'-end 
of the front arm in order to alleviate steric hindrance that the 
3-way junction may present to the polymerase; 

Structure C. A branched primer consisting of three mod
ules annealed to one another via two stems. This structure 
has a longer total length annealing to the template and 
optionally has a shorter variable portion in each arm. 

15 

FIG. 5. is a schematic drawing of a covered primer in the 20 

initial extension: 

Covered primer 510 is a primer which contains a double 
stranded portion near its 5' end 513 and a single stranded 
portion near its 3' end 512. In other words it can be viewed 
as a branched primer without the arm of the back module. 25 

Step A The first initial primer ( covered primer) 510 is 
annealed to the template 15. 

Step B. The primer is extended by a polymerase along the 
template generating the first extended strand. Subsequent 

30 
PCR is performed similar to FIGS. 1 and 2. The cover 
oligonucleotide has only one sequence (stem) and thus 
requires no library (unlike the back module). 

41. sixth extended strand. 
53. newly created priming site for the front module of the 

first branched primer. 
70. second initial primer. 
71. front module of the second initial branched primer. 
72. 3'-end of the front module of the second initial 

branched primer. 
73. stem of the second initial branched primer. 
75. 5'-end of the front module of the second initial 

branched primer. 
77. 3'-end of the back module of the second initial 

branched primer. 
79. arm of the back module of the second initial branched 

primer. 
81. 5'-end of the back module of the second initial 

branched primer. 
83. arm of the front module of the second initial branched 

primer. 
101. 3'-end of the universal stem-like primer for the first 

branched primer. 
103. 5'-end of the universal stem-like primer for the 

second branched primer. 
113. universal stem-like primer for the first branched 

primer. 
121. third extended strand. 

Notations in the Figures: 

1. first initial (branched) primer. 

123. newly created priming site for the universal stem-
35 like primer for the first branched primer. 

2. front module. 

3. back module. 

4. 3'-end of the front module. 

5. 5'-end of the front module. 

6. 3'-end of the back module. 

7. 5'-end of the back module. 

9. arm of the front module. 

11. arm of the back module. 

13. stem. 

14. extension by a polymerase. 

15. template. 

40 

124. fourth extended strand. 
170. universal stem-like primer. 
171. 3'-end of the universal stem-like primer for the 

second branched primer. 
175. 5'-end of the universal stem-like primer for the 

second branched primer. 
173. universal stem-like primer for the second branched 

primer. 

45 
180. newly created priming site for the front module of 

the second branched primer. 
280. newly created priming site for the universal stem

like primer of the first branched primer. 
510. covered primer. 

16. extension with polymerase creating a priming site for 
the front module #1. 50 511. arm of the covered primer. 

17. first extended strand. 

18. primer for the reverse strand can be another branched 
primer; denature and anneal with branched primer #2 for the 
reverse strand. 

19. 3'-end of the first extended strand. 

20. extension by a polymerase. 
21. conventional (long) reverse primer. 
23. second extended strand. 

55 

512. 3'-end of the covered primer. 
513. 5'-end of the covered primer. 
514. stem. 
515. 3'-end of the cover. 
517. 5'-end of the cover. 

519. cover. 
520. extension with polymerase and dNTPs. 

60 
25. proof-reading (discriminating) bases (shown in lower 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

case). 
26. denature and anneal with reverse primer. 
27. first proof-reading primer (PRl) also termed first 

homing primer. 
29. second proof-reading primer (PR2) also termed sec

ond homing primer. 

The present invention provides compositions for primers 
used in methods for amplifying a nucleic acid segment, e.g. 
by the polymerase chain reaction (PCR). Limitations of 

65 current methods are removed. Compositions of the present 
invention include branched modular primers and covered 
primers. 
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The impending automation of assembling large numbers 
10 

second initial primer is extended on the first extended strand 
(FIG. 2D). The second initial primer gets extended all the 
way till the 5'end of the first extended strand (the extended 
front module of the first initial primer) as the conventional 

of different PCR reactions will be greatly facilitated by the 
invention which allows a primer of any sequence to be 
instantly assembled using a pre-synthesized oligonucleotide 
library skipping the step of custom primer synthesis. 
Branched and Covered Primers 

A distinctly different mechanism of modular primer action 
of the present invention involves novel structures designated 
"branched" modular primers (FIG. 1, 2, 4). In a branched 
primer the modules are physically linked together, that is 
they hybridize to each other as well as to the target DNA, 
thereby forming a 3-way junction (FIG. 4). The specificity 

5 reverse primer does in the example above. The strand 
resulting from the extension of the second initial primer is 
called the second extended strand (FIG. 2D). This extension 
creates a priming site for ( complementary to) the front 
module of the first initial primer or for the second stem-like 

10 universal primer (FIG. 2D). This priming site does not exist 
until this point in the process. 

PCR amplification is performed using the front modules 
of the two initial primers (first and second) (FIG. 2E) or two 
universal (stem-like) primers, homologous to the two stems 

of branched primers is due to cooperative annealing of the 
modules to the template at the intended site, a mechanism 
different from that of contiguous modular primers described 
in Beskin et al (1995). 

The branched primer structure requires two libraries 
respectively designated hereinafter as consisting of either 
"front" or "back" modules of different oligonucleotide 
sequences. "Front" is used herein to refer to the 3' extending 
(downstream) end and "back" to the 5' non-extending end 
(upstream), both relative to the direction of the extension of 
the nucleic acid sequence by the polymerase (FIG. 1, 2). 
Each oligonucleotide is generally stored in a separate recep
tacle e.g. microtubes. Different front modules generally 
include the same constant sequence complementary to the 
corresponding constant sequence in the back modules. In 
assembling a branched primer, the two constant segments 
anneal to each other, forming a double-stranded handle 
(marked "stem" in FIG. lA and in FIG. 4A). In contrast, the 
variable sequences (marked "arm" in FIG. lA and in FIG. 
4A) vary from module to module in each of the two libraries. 

15 (first and second) (FIG. 2F) as PCR amplification primers. In 
the first PCR cycle, the first amplification primer (front 
module or universal primer) primes at its newly created 
priming site on the second extended strand. It gets extended 
all the way till the 5'-end of the second extended strand (the 

20 extended front module of the second initial primer). 
This extension (in the first cycle of the PCR) creates a 

priming (complementary) site for the front module of the 
second initial primer ( or for the second universal primer) 
which module is used as the second PCR amplification 

25 primer. This priming site does not exist until this point in the 
process. Now, from the second PCR cycle onwards, both 
amplification primers (forward and reverse) have their prim
ing sites at the opposite ends of the intended PCR fragment 
product and the exponential PCR-amplification proceeds 

30 using thermocycling. Note that in this amplification, both 
PCR primers ( e.g., front modules of the first and the second 
initial primers) are functioning as conventional primers, and 
are not functioning as branched modular primers or their 
parts, as they were in the two initial extensions. 

Initial priming for a PCR reaction is performed by a "first 
initial primer" being extended at the intended site on the 
template. The first initial primer can be a "branched modular 35 

primer" (FIGS. 1 and 2) or a "covered primer" (FIG. 5). FIG. 
5. presents a covered primer in the initial extension: Covered 
primer is a primer which contains a double stranded portion 
near its 5' end and a single stranded portion near its 3' end. 
In other words it can be viewed as a branched primer without 40 

the arm of the back module. The cover oligonucleotide has 
only one sequence (stem) and thus requires no library 
(unlike the back module). 

The strand resulting from the extension of the first initial 
primer is called the "first extended strand" (FIG. 1, 2, 5). If 45 

the opposite strand (reverse) primer is a conventional primer 
( that is a type of primer used in the art that is not branched 
and not modular), the first extended strand is then used as a 
template for PCR amplification (FIG. 1). In this type of 
amplification, the two PCR primers are a) the conventional 50 

reverse primer and b) the front module of the first initial 
primer ( or a universal primer homologous to the stem of the 
front module). In the first cycle of PCR, the reverse primer 
primes on the first extended strand and gets extended all the 
way till the 5'-end of the front module of the first initial 55 

primer (FIG. lD). This extension creates a priming site for 
(is complementary to) the front module of the first initial 
primer (or stem-like universal primer, that is a primer 
homologous to the stem portion of the front module). This 
priming site does not exist in the template until this point in 60 

the process (FIG. lD). 
Instead of being the conventional primer, the reverse 

primer can be another branched modular primer or a covered 
primer (FIG. 2C). In this case the first extended strand (upon 
denaturation) is primed upon (i.e. is used as a template) in 65 

the reverse direction by a second initial primer ( a branched 
modular primer or a covered primer) (FIG. 2C, D). The 

The PCR amplification can be performed in at least two 
ways: 

(1) using an aliquot of initial extensions as templates and 
(2) without aliquoting, that is amplifying in the same tube 

where the initial extension has been performed. 
In (2) much lower concentrations of initial extension 

primers may be required as compared to those in (1) 
and to those of amplification primers which are added 
after the initial extension. 

"Proof-Reading" Primers 
To improve the priming specificity, the PCR amplification 

primers can be designed to perform what is termed herein 
"proofreading" a procedure intended to suppress possible 
PCR products arising from mispriming by the * -i first 
and/or the second initial primers. The proof-reading starts 
with a set of two (forward and reverse) "first proof-reading 
primers" (PRl). These (PRI s) are similar in terms of some 
of their sequence to the front modules of the initial primers 
of steps 1 and 2, (these front modules are described above 
for use in PCR amplification) but each has one or more extra 
nucleotides protruding beyond the 3'-end of the initial 
primer (as measured by the template coverage) (FIG. 3B). 
The purpose of the protruding nucleotides is to match the 
intended priming site while discriminating against possible 
alternative priming sites in the template where the first 
or/and the second initial primers could misprime. The dis
crimination occurs due to mismatches between the 
(protruding) bases near the 3'-end of the primer and the 
template bases at the alternative sites. The occurrence of the 
full match at an alternative site is statistically unlikely: ½6 
for 2 protruding bases in each primer, i.e. ½6X½6=½s6 for 
matching both (forward and reverse) primers in a random 
sequence. Thus the proof-reading primers serve to increase 
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the PCR specificity which is now determined not only by the 
arm sequences of the initial-primers, but also by the pro
truding bases in the proof-reading primer. 

12 
Further proof-readings (third, fourth, nth, termed PR3, 

PR4, PRn) may be added. The proof-reading reactions 
(PCR-amplifications) with PRl, PR2, PR3, PRn are per
formed as: either (A) a series of reactions or (B) combined The first proof-reading primers (PRls) have artificial 

bases such as inosines ( or other types of artificial, non
discriminating bases). The presence of inosines in the first 
proof-reading primers in positions where sequence-specific 
bases were in the arm of the initial primer makes the 
proof-reading primers "universal". The term "universal" 
implies that the same proof-reading primer matches a great 
number of the sequences of the initial primers. Thus the 
number of possible different proof-reading primers may be 

5 in one reaction (single-tube reaction). In the case of A ( a 
series of reactions), an aliquot of the PCR products amplified 
with PRls is taken and amplified with PR2, and an aliquot 
of those products is then amplified with PR3, and so forth. 
In the case of B (single-tube reaction), the sets of PRl, PR2, 

10 
PR3, and so forth primers are combined in one reaction ( e.g., 
in a single receptacle). Because of the Gs replacing inosines 
in successive PR pairs, each pair of PR primers starts 
priming only after the previous pair has primed twice (to 
make a complementary copy of itself where the polymerase 
incorporates C opposite each inosine ). It is only at this point 

as small as the number of possible different proof-reading 
(protruding) base-combinations multiplied by the number of 
different stems (typically two). The number of different 
possible proof-reading (protruding) base-combinations is 
4=41 base-combinations for one protruding base, 16=42 

base-combinations for two protruding bases and 64=43 

base-combinations for three protruding bases. Apart from 
the protruding bases, proof-reading primers may contain 
additional variable bases. For example in FIG. 3B the PRl 20 

primer contains one additional variable base adjacent to the 

15 that the correct priming site would exist. The pair of PR 
primers being the last to prime is then used to produce the 
intended product. The following precautions ( a and b) can be 
taken to ensure that the last PR pair out-competes the other 

2 protruding bases. Initial and proof-reading primers 
together form a library of oligonucleotides that can serve a 
great variety of priming sites. 

PRs in terms of its amplification efficiency: 
a. the last set (nth) of proof-reading primers (PRn) is 

added in several-fold higher concentration than the preced
ing PR sets; 

b. the last PR set has either a mismatched 14 base long tail 
or one or more internal mismatches (bases sequence differ-

The proof-reading primers have some similarities to prim
ers described in U.S. Pat. No. 5,487,985 in column 5, for use 

25 ences as compared to the last-but-one PR sequence). To 
compensate for these mismatches the length of the last PR 
is slightly increased (the tail may protrude beyond the end of 
the opposite strand)- The purpose of the increase in length 
is to make its Tm (melting temperature) in its priming with 

in AP-PCR. However, proof-reading primers combined with 
the initial primers prime site-specifically, while the AP-PCR 
primers work as arbitrary primers. Instead of being custom 
made (as the AP-PCR primers are) because they have to 
match the full long sequence of the initial primer) the 
proof-reading primers are selected from a library of very few 
universal primers. What makes their number small is that 
much of the proof-reading primer sequence (a 5'-portion) 
matches the stem sequence of the initial, branched ( or 
covered) primers, which is constant, the same for all primers 35 

and all priming sites. Much of the arm sequence, which is 
variable in the initial primer, becomes largely constant 
(replaced by artificial bases) in the proof-reading primers. 

30 these mismatches (in the first cycles it can prime) close to 
the Tm of the other PRs in the reaction. However the Tm of 

The amplification with the first proof-reading primers of 
the previous step (PRls) is optionally followed by (or 40 

combined with) a second round of amplification (FIG. 3C), 
with a set of two second proof-reading primers (PR2). The 
second proof-reading primers have one or more bases "pro
truding" beyond the 3'-end of the PRls (FIG. 3C). The 
purpose of the extra protruding nucleotides is to further 45 

discriminate against possible alternative sites (where 
mispriming could occur in the initial extension) while 
matching the intended priming site. The discrimination 
occurs due to mismatches between the protruding bases, 
near the 3'-end of the primer and the template bases at the 50 

alternative sites. The second proof-reading primers (PR2) 
have Gs (FIG. 3C) in the stretch corresponding to the 
inosines ( or other types of artificial bases) of the first 
proof-reading primers (PRl). The PR2 primers have 
inosines ( or other types of artificial bases) in the stretch 55 

corresponding to at least some of the protruding bases of the 
first proof-reading primers. (FIG. 3C) Both (Gs) and inosine 
are part of the constant sequence ( do not vary throughout the 
PR2 library) which makes the PR2s universal. As in the case 
of the first proof-reading primers the library size of the 60 

second proof-reading primers can be kept small because of 
these constant positions. An additional purpose of the arti
ficial bases in PRl and PR2 is to enhance the discrimination 

its subsequent priming cycles is a few degrees higher, as the 
mismatches become fully matched (since after the second 
cycle onwards, the PCR primer has its priming site being a 
complementary copy of itself). In the PCR cycle tempera
ture regime, that Ta (annealing step temperature) is then 
chosen high enough to ensure a high stringency (hence low 
efficiency) of priming by the last PRs (when mismatched) 
and by the other PRs. Therefore, this choice of Ta ensures a 
high stringency of annealing ( and thus specificity of 
priming) for all PRs except for the last PR in the later cycles 
(when the last PR is fully matched). The reason for the 
difference is that after its first priming and the synthesis of 
its exact complementary copy, the last PR has a much higher 
priming efficiency as it becomes fully matched. 

The discrimination against alternative priming sites 
(proof-reading) occurs during the first priming only when 
the mismatches whether in the stem portion or near the 
3'-end still exist. Therefore, maintaining higher stringency 
for the proof-reading purposes is not required in the subse
quent cycles of the last PR and the disappearance of the 
intentional mismatches should cause no loss of specificity. 

If the presence of inosines close to the 3'-end of the PR 
primers weakens PCR amplification too much, then in 
addition to the last PR (designed and used then without 
precautions a and b above) a 'final' primer set is added for 
amplification in the PCR. The final primer is similar to the 
last PR except that all or some of the inosines are replaced 
with guanines (Gs) (accordingly, the final primer's length is 
adjusted to correct the melting temperature). Precautions a 
and b mentioned above are then applied to the final primer, 
or pair of primers instead of applying them to the last PR. 
The use of universal primers in PCR is advantageous 
because they have known optimized annealing step tem-of the primers. Artificial bases (non-discriminating, univer

sal were reported to enhance discrimination (Guo, 1997). To 
achieve high discrimination stringent PCR conditions are 
essential. 

65 perature and other PCR conditions. 
Strand Displacement Amplification with Branched Prim-

ers 
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Branched primers can be applied to the type of PCR 
amplification known as SDA-Strand Displacement Ampli
fication (Walker et al. (1992, 1993) The stem (and accord
ingly the PR) sequence has then to include an appropriate 
restriction site. The two initial extensions can be done as 
described herein with a denaturation step between them. The 
amplification can then proceed as in SDA with no need for 
thermocycling ( one of the main advantages of SDA). 

Branched Primer Structure, Assembly And Specificity 
To design a branched primer for a particular site in the 

template, the arm sequences of the two modules (front and 
back) are selected to match adjacent sequences in the DNA 
or RNA template at the intended priming site (FIG. 4). 
Aliquots of the two selected oligonucleotides (from the front 
and back module libraries respectively) are then mixed for 
the annealing and sequencing reactions. 

Use of Base Modifications The back module or its arm, or 
the front module may include base modifications to improve 
performance. Modifications of either bases or backbones in 
modular primer that improve the stability of annealing, 
include (1) PNA, (2) methyl phosphonate, (3) 
5-methylcytidine and (4) 2-aminoadenosine (Azhikina et al., 
1993; Nielsen et al., 1991; Egholm et al. 1993). 

Inosine Stretch Length Optimization. 
In view of possible steric hindrance to the polymerase by 

the 3-way junction, it is preferable to increase the front 
module's arm length without enlarging the library of first 
modules. For this purpose a stretch of inosine bases was 
inserted in the front module between the six specific bases 
of the arm and the junction point, as shown in FIG. 4B. 
Inosine is known to have little discrimination between the 
four natural bases in the opposite strand, and although it 
functions as an artificial base, it does not contribute as much 
to the stability of the double helix as the 4 natural bases do. 
(Ohtsuka et al. 1985) 

The back module is normally used in excess over the front 
module, because otherwise the front module unattached to 
the back one may randomly misprime. Indeed, if the molar 
concentration of the front module exceeds that of the back 
one, the priming becomes less specific. 

In some cases, random mispriming by the stem segment 
of the back module needs to be prevented. This may be 
achieved by chemical modification of the 3'-end of the 
second module during oligonucleotide synthesis, so that the 
modified 3'end is protected from being extended by the 
polymerase. Of a number of such 3'-end modifications 
possible with contiguous modular primers, 3'-phosphate 
propyl ester is preferred (Glen Research, Sterling, VA, cat. 
#20-2913-10). 

Variations In Branched Primer Structure. 
The number of unpaired bases in the template was varied 

between the two arms. The optimal number was found to be 
2 bases. Interestingly, this is also the minimal number 
needed to stabilize DNA 3-way junctions as measured by 
UV melting and competitive gel electrophoresis. (Leontis et 
al., 1991). In practice, the number of unpaired bases may 
need to be many more than 2. In a separate experiment, the 
number of unpaired bases between the arm and the stem was 
varied; the optimum was found to be one unpaired base in 
each of the two modules. Various stem lengths were tested 
from 8 to bases. Most stem lengths did work, and no 
reproducible optimum was found. 

14 
the stronger the priming signal became, and the effect was 
in some cases quite dramatic. This stronger priming was 
probably due to an increase in the affinity of the primer for 
the template, caused by the longer arms. It remains to be 

5 seen whether degenerate base positions may adversely affect 
the specificity of priming, and if so, whether the specificity 
may be temperature dependent. 

The number of different oligonucleotides in each of the 
two libraries depends on the length of the variable segment 

10 in the arm. For example, the complete library of all possible 
sequences of a pentamer would consist of 1,024 oligonucle
otides. Each additional base in the variable segment 
increases the size of the library 4-fold. However even a 
partial library may suffice for the purpose of assembling 

15 primers, in view of the freedom to shift the priming site 
within a reasonable span of the template sequence, usually 
ranging over a hundred bases or longer. 

The number of modules in a branched primer does not 
have to be limited to two. FIG. 4C shows a branched primer 

20 structure consisting of three modules annealed to one 
another (via two stems) which was also found to work. One 
advantage of such a structure over the two-module branched 
primers discussed above is the greater combined arm length 
annealed to the template. The greater annealing length may 

25 translate into a higher stability or strength of the primer, a 
better ability to compete with the secondary structure of the 
template, and perhaps also into a higher sequence-specificity 
of priming. On the other hand, the above advantages can 
allow shorter arms. For example, a pentamer rather than a 

30 hexamer variable region was tried in the three-module 
branched primer and found to work. Having the variable 
region shorter by one base would result in a 4-fold reduction 
in the library size of each of the three modules (first, second, 

35 

third). 
Oligonucleotide libraries 
An oligonucleotide library is a collection of samples in 

separate receptacles e.g. microtubes, each sample containing 
oligonucleotides of a specific sequence. A front module and 
a back module are chosen from their respective libraries. 

40 First, an annealing site is selected within a known region of 
template strand. Then, the sequences of front module arm 
and back module arm are selected to be complementary to 
the sequences of closely spaced binding sites. Within each 
library, the sequences of the oligonucleotides change from 

45 sample to sample, giving a choice of a large variety of 
sequences. The two binding sites together should be long 
enough to make the selected annealing site sufficiently 
unique within the entire template strand. 

50 
Sequence specificity of priming 
When used alone, the front module may possess more 

than one priming site in the template, where it can anneal 
and serve as a primer. 

Much more sequence specific priming occurs when the 
front module is used together with the back module, than 

55 when it is used alone. The increased sequence specificity 
means that stronger priming occurs at the selected priming 
binding site, where the two arms match the template as 
compared to other possible priming sites in the template, 
where the two arms combined they are likely to be less 

60 matched to the template. For a more general design of a 
modular primer which may consist not of just two, but of, 
generally speaking, two or more oligonucleotides, the 
sequence specificity has a similar property. In order to strengthen priming by branched primers with

out increasing the variable region length ( and hence library 
size), degenerate positions were inserted into the arms. The 65 

insertions were made at the 5'-end of either the back or front 

Sizes of libraries of modular primers 
Two 6-mer arm libraries can be, for example, the follow

ing structure. The priming library of the arm sequences has 
the structure 5'-A-X-X-X-X-X-3'. It means that, of the six arm, or both. In general, the more degenerate bases added, 
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polymerase activity as a result of sequence dependent cur
vature of the double-stranded DNA(Ulanovsky et al., 1987). 
Or, some sequences may be excluded from a library just in 
order to reduce the size of the library. For example, the 

nucleotides, one, s1ttmg on the 5' end, is fixed. In this 
example it is adenine. This 5'-terminal position has the same 
base in all the samples of the priming library. The other five 
positions form a variable segment, that is a segment in the 
modular oligonucleotide, whose base sequence varies from 
sample to sample. Each of these five positions, shown as X, 
is a variable position, which means that this base may 
change from sample to sample within the library, being 
either A, C, G, or T, depending on the sample sequence. 
Different combinations of bases in the variable positions can 
form all possible sequences of the 5-mer X-X-X-X-X vari
able segment, 45=1,024 possible combinations, within the 
6-mer 5'-A-X-X-X-X-X-3'. 

5 above structure 5'-A-X-X-X-X-X-3' of the front module 
library can be viewed as exclusion of all 6-mer sequences 
starting from C, G or T base from a complete library of all 
possible 6-mers 5'-X-X-X-X-X-X-3'. The purpose of that 
particular exclusion is, as mentioned above, to reduce the 

The absence of variability in the 5'-terminal position, 
which has A-base in all samples of this example, is intro
duced in order to reduce the number of samples in the library 
by a factor of 4. The reduction is from 46=4,096 samples in 

10 
library size to ¼ of the complete library size. The reduction 
of the library size can also be achieved by imposing a limit, 
either a minimum or a maximum, on the G+C content in the 
oligonucleotides, or by imposing another restriction or a 
combination of restrictions on the oligonucleotide sequences 
in the library. 

15 Different schemes of reduction in library size can supple-

a complete 6-mer library of the 5'-X-X-X-X-X-X-3' 
structure, down to 45=1,024 samples in the reduced library 
of the 5'-A-X-X-X-X-X-3' structure adopted in this example. 20 

The price paid for that reduction is the loss of about¾ of all 
possible 6-mer binding sites in a random template sequence. 
After such 4-fold reduction a whole quarter of all 6-mer 
binding sites still remains in a random template. Thus, on the 
average, every fourth base in a random sequence template is 25 

T and can be the 3'-end base of a 6-mer binding site for a 
priming library. This should be more than sufficient to select 
a single 6-mer priming binding site within a known 
sequence stretch, usually at least dozens bases long. It's 
preferable to avoid annealing sites involved in stable sec- 30 

ondary structures of the template, such as hairpins. Com
puter programs are available for estimating the secondary 
structure potential of a given sequence. 

The following example demonstrates another possible 
way to reduce the size of an oligonucleotide library. In this 35 

example, the second library has the oligonucleotide structure 
of 5'-N-X-X-X-X-X-3'. Here, N denotes a degenerate posi
tion at the 5'- terminus of the 6mer long oligonucleotide. A 
degenerate position is one which can be filled by any one of 
the four natural bases, A, C, G, or T. One way to fill a 40 

degenerate position is to use a mixture of some or all of the 
four bases in the synthesis of this position in the oligonucle
otide. Another way is to mix non-degenerate oligonucle
otides differing in this base, after their synthesis. In this 
example, the 5' terminal nucleotide has all four possible 45 

bases mixed in equal proportions in each sample of the 
library. The other five positions, shown as X-X-X-X-X, form 
a variable stretch within the back module. They can have 
either A, C, G, or T base, but not mixed in a single sample, 
in each of the five variable positions of the oligonucleotide 50 

5'-N-X-X-X-X-X-3'. 
Therefore, although both front and back arm libraries 

consist of 6-mer oligonucleotides, only 5 out of the 6 
positions are variable from sample to sample. All possible 
sequences of the five variable positions, X-X-X-X-X, can 55 

form 45 =1024 sequence samples in each of the two libraries. 
If either of the two libraries were complete, that is contained 
all possible sequences of the annealed length, six bases long, 
it would consist of ( contain) 4 6=4,096 sequence samples. In 
practice though, libraries do not have to be complete. Some 60 

of the sequences may or should be absent from the libraries. 
For example, a sequence containing a CGCG stretch may be 
chosen not to be represented in a library because of its rare 
occurrence in genomes. Or, a particular sequence may 
happen to have a lower efficiency than others as a compo- 65 

nent of the modular primer and be excluded from a library 
for that reason. Or, some sequences may inhibit a DNA 

ment each other. For example, the reduction by fixing the 
5'-terminus position base, discussed above, can be followed 
by a further reduction in the library size by limiting the G+C 
content of the library sequences. However, reduction of a 
library to a too small size reduces the usefulness of the 
library for DNA sequencing purposes. Indeed, a library 
containing less than 2% of the all possible sequences of the 
variable segment can serve less than one in fifty possible 
binding sites for the particular modular oligonucleotide in a 
random sequence template. The portion of the sites the 
library can serve is even smaller, if the library structure 
contains a fixed base position, as in the priming library 
example above. Such a small size can make it difficult to 
select an annealing site for modular primer within a newly 
sequenced template stretch, which is often short. A library 
should also have a reasonable absolute size to be useful. It 
should contain at least five different sequence samples to be 
of practical use. 

In FIG. 4, A, B the binding sites for both front and back 
module arms are 6-mers (6 and 6 bases). In another 
embodiment, the corresponding lengths of the two binding 
sites can be 5 and 7 bases, such as 5'-A-X-X-X-X-3' in front 
and 5'-N-N-N-X-X-X-X-3& in libraries. In different 
embodiments, the lengths of the front and back arms also 
can differ from the examples above, e.g. it can be 4 and 6; 
or 5 and 6; or 6 and 5 bases and other combinations. 
Generally, the sizes of the front and back arm libraries may 
be the same as, or different from the examples above. 

Branched Modular Primer FIG. 4 schematically shows an 
embodiment of a modular primer annealed to a template 
strand. The modular primer is kept together by annealing 
between its oligonucleotide modules. The modular primer 
comprises two oligonucleotides: the front module with its 
3'-end and 5'-end, and the back module with its 3'-end and 
5'-end. The front module comprises a stem segment of the 
front module complementary to stem segment of the back 
module in the back module. FIG. 4 shows stem segment of 
the front module annealed to stem segment of the back 
module. The front module further comprises an arm comple
mentary to its binding site in a template strand. The back 
module comprises an arm complementary to its binding site 
in a template strand. 

Oligonucleotide libraries for branched modular primers 
In order to bind to the selected priming site, both the front 

module and the back module are chosen from their respec
tive libraries. All the sequences in the first library contain the 
same sequence of stem segment of the front module. All the 
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sequences in the second library contain the sequence of stem 
segment of the back module complementary to stem seg
ment of the front module. Therefore, regardless of a par
ticular choice of the two samples from the two libraries, the 
stem segment of the front module anneals to stem segment 5 

of the back module. 

18 
four normal bases. This linker between the arm and stem can 
also be just a chain of atoms (linker) with no base at all, like 
"AminoModifier II", available for DNA synthesis from 
Clontech, CA, USA The purpose of the weak base-pairing 
of the linker is to make the annealing site more unique. 
Otherwise, that is if the linker has one of the four normal 
bases without weakened base-pairing, it can generate unde
sirable extra binding sites together with nucleotides adjacent 
to it. 

In the example above, the connection between the vari-
able segment and the rest of the oligonucleotide consists of 
one nucleotide. However, in other schemes it may consist of 
more than one, or no nucleotide at all. For example, for 
reasons of the polymerase activity or/and stability of the 

In contrast to the stem segments, arms vary within each 
library, their sequences changing from sample to sample. 
When a particular modular primer is being selected from the 

10 
two libraries, arms are chosen to be complementary to 
binding sites in a known region of template strand. The two 
segments annealed to binding sites should be long enough to 
make the selected annealing site sufficiently unique within 
the entire template strand. 

15 primer-template complex, tight base-stacking may be desir
able between stems. This would require the absence of the 
linker nucleotide in the front module. On the other hand, the 
steric interaction of a particular polymerase with the double 

Uniqueness of the annealing site 
The selection of a annealing site involves choosing two 

close binding sites in the template: for a front and an back 
module. These oligonucleotides are then selected from their 
libraries to have their arm sequences complementary to their 

20 
binding sites in the template. 

A modular primer can have more than two 
oligonucleotides, for example three. The third oligonucle
otide has a binding site in the template, close enough to the 
binding site of the back module, to contribute to the priming 25 

efficiency. Contact is maintained by annealing a part of the 
third oligonucleotide to an additional segment of the back 
module specially added to its 5'-end in the scheme of three 
oligonucleotide modular primer, as shown in FIG. 4. This 
additional segment of the back module has the same 30 

sequence in all samples of the back module library, this 
sequence being complementary to a segment in all samples 
of the third oligonucleotide library. 

If each of the three arms has no degenerate positions, the 35 
total unique primer-to-template annealing length is the sum 
of the three arms lengths. This greater annealing length 
enhances the priming efficiency by strengthening the bind
ing of the modular primer to the template. 

In the same manner, a modular primer structure can 40 
contain four or more oligonucleotides. Each additional oli
gonucleotide is connected with the preceding one by anneal
ing of their complementary segments. The binding site for 
the additional oligonucleotide is selected in the template 
sufficiently close to that of the preceding oligonucleotide to 45 
maintain contact between the two oligonucleotides, while 
maintaining their annealing to the template. 

Connecting (unpaired) nucleotides in modular branched 
primers 

helix may require more than one artificial nondiscriminating 
nucleotide in the front module to keep its second stem 
further away. 

The following are detailed examples of particular experi
ments of PCR amplification (of Lambda Phage DNA 
fragments) using branched primers. 

Four branched primers, each consisting of a front module 
and a back module, were designed for priming sites in 
Lambda Phage DNA Two branched primers were designed 
to prime in the forward direction, towards the sites of the 
reverse primers. The other two (reverse) primers in turn 
primed on the opposite strand so that they could be extended 
in the opposite (reverse) direction (towards the forward 
primers). The sites position numbers were: forward-19816 
and 20397, reverse-19379 and 19654, where the number-
ing refers to the position of the 3'end of the front module (the 
numbering and the Lambda Phage sequence were as in the 
GenBank, Accession number X00906). The forward and 
reverse branched primers were designed to have different 
stem sequences. Control conventional primers were made 
complementary to each priming site, in the same orienta
tions as the branched primers. 

The oligonucleotide notations below: FM-front module, 
BM-back module, PRl and PR2-"proofreading" amplifica
tion primers, LP-conventional long primer, Uni-universal 
stem-like primer. Bold type shows the arm bases of the front 
and back modules, and variable bases of the amplification 
primers. Upper case shows the bases in the priming site that 
are complementary to the arms of the branched primer. The 

A nucleotide connecting the variable segment with the 
rest of the oligonucleotide (linkers) can have any base, but 
preferably such modification, as Inosine or Deoxynebularin 
(both available from Glen Research Corp., VA, USA), which 
have approximately equal energy of base-pairing with all 

50 sequences were as follows: 

FM-379 

BM-379 

PRl-379 

PR2-379 

LP-379 

At site position number 19379 (reverse) in Lambda 
Phage: 

Priming site 5'- tcttacGGTAATccattGTACTGccggaccac-
3' SEQ ID NO: 1 

5' - acg ggt acg acg ttc aii att ace - 3' SEQ ID NO: 1 

5' - ica gta cic gaa cgt cgt ace cg - 3' SEQ ID NO: 2 

5' - tgt acg acg ttc agg iit iic gt - 3' SEQ ID NO: 3 

5' - ctg acg ttc agg ggt ggi ita a- 3' 

5' - gtg gtc egg cag tac aat gg- 3' 

Uni (reverse) 5' - acg ggt acg acg ttc agg - 3' 

SEQ ID NO: 4 

SEQ ID NO: 5 

SEQ ID NO: 7 
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At site position number 19654 (reverse) in Lambda 
Phage: 

Priming site 5'- fttactGCCATAttctcCCCACAaaaaagc -3' 
SEQ ID NO: 8 

20 
one forward and one reverse pnmmg site). As their site 
position numbers suggest, the sizes of these products are 
204, 479, 765, and 1060 bp. All of these products have been 
obtained using branched primer PCR as follows. 

FM-654 5' - acg ggt acg acg ttc aii tat ggc - 3' SEQ ID NO: 8 

BM-654 5' - itg tgg gic gaa cgt cgt ace cg - 3' SEQ ID NO: 9 

PRl-654 5' - tgt acg acg ttc agg iit iic ag - 3' SEQ ID NO: 10 

PR2-654 5' - tag acg ttc agg ggt ggi igt a - 3' SEQ ID NO: 11 

LP-654 5' - ttt gtg ggg tga ata tgg cag- 3' SEQ ID NO: 13 

Uni (reverse)S' - acg ggt acg acg ttc agg - 3' SEQ ID NO: 14 

At site position number 19816 (forward) in Lambda INITIAL EXTENSION 
Phage: Initial extension reactions were performed as follows: the 

Priming site 5'- agtacgGTCAGTacagtGTCATCctgcaggt - front module (10 pmole) and the back module (25 pmole) of 
3' SEQ ID NO: 15 the first (forward) branched primer were combined with the 

FM-816 5' - ace cgc tat ctg tgc aii act gac- 3' SEQ ID NO: 16 

BM-816 5' - iga tga cic gca cag ata gcg gg - 3' SEQ ID NO: 17 

PRl-816 5' - get ate tgt gca ggi tii ccg - 3' SEQ ID NO: 18 

PR2-816 5' - gtc tgt gca ggg gtg gii gta - 3' SEQ ID NO: 19 

LP-816 5' - cca gga tga cac tgt act gac - 3' SEQ ID NO: 20 

Uni (forward) 5' - ace cgc tat ctg tgc agg- 3' SEQ ID NO: 21 

At site position number 20397 (forward) in Lambda 
35 

Lambda Phage template DNA (0.5 to 50 fmol) in a total 
Phage: reaction mix of 10 µl containing also lX Sequenase reaction 

Priming site 5'- tcatcaGAMACGaacgcATCATCaagtgcc buffer, 50 µM each DATP, dCTP, dGTP and dTTP, and 10 
-3' SEQ ID NO: 22 mM DTT. The mixture was heated to 96° C. for 3-5 min to 

FM-20397 

BM-20397 

PRl-20397 

PR2-20397 

LP-20397 

5' - ace cgc tat ctg tgc aii cgt ttc- 3' SEQ ID NO: 23 

5' - iga tga tic gca cag ata gcg gg - 3' SEQ ID NO: 24 

5' - age tat ctg tgc agg iit iic tg - 3' SEQ ID NO: 25 

5' - gtc tgt gca ggg gtg gii gat - 3' SEQ ID NO: 26 

5' - act tga tga tgc gtt cgt ttc t -3' SEQ ID NO: 27 

Uni (forward) 5' - ace cgc tat ctg tgc agg- 3' 

MATERIALS 

Oligonucleotides were supplied by Genosys (TX, USA). 
Sequenase and its reaction and dilution buffers were sup
plied by Amersham (UK, manufactured for Amersham by 
former United States Biochemicals, Cleveland, Ohio, USA) 
and AmpliTaq by Perkin-Elmer (CA, USA; manufactured 
for Perkin Elmer by Roche Molecular Systems, Inc., NJ, 
USA). Deoxribonucleotide triphosphates were from Phar
macia LKB (Sweden). Expand buffers were from the 
Expand Long Template PCR kit of Boehringer Mannheim 
(IN, USA). Template DNA used was Lambda Phage DNA 
purchased from Promega (Madison, Wis., USA). 

PRODUCT SIZES 

The 2 forward and 2 reverse priming sites listed above can 
give 4 possible PCR products (that is each product having 

50 

SEQ ID NO: 28 

denature the DNA, then brought to 30° C., at which tem
perature the first initial extension reaction was started by 
adding 2 µl of Sequenase (diluted 1:8 in Dilution Buffer). 
Incubation at this temperature was continued for a further 1 

55 min, then the reaction was heated at the rate of 0.4° C. per 
second to 42° C. where it was held for 5 min, before being 
raised to 65° C. for 5 min to inactivate the polymerase 
(Sequenase). The procedure was repeated after the addition 
of the second (reverse) branched primer, fresh Sequenase 
being again added following denaturation (to perform the 

60 second initial extension). If a thermostable polymerase is 
used in the initial extension (AmpliTaq and Stoffel Fragment 
may be suitable) there is no need to add fresh polymerase 
again after the denaturation stage. Optionally both the first 
and second (forward and reverse) branched primers were 

65 added before the first initial extension. When the reaction 
was completed, 40 µl of water was added to dilute the 
extension products. 
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PCR AMPLIFICATION (WITH PROOFREADING 
BY PRlS): 

PCR reactions were carried out in a total volume of 25 µl, 
using Expand Buffer I (lX) from Boehringer-Mannheim. 
The concentration of each PRl and/or other amplification 5 

primer was 0.3 µM, unless otherwise stated. (When PCR 
was performed without proofreading, universal stem-like 
primers, Uni, or the front modules themselves were used as 
amplification primers.) The template was a 1 µl aliquot of the 
product of the two initial extension reactions ( diluted as 10 

described above), and dNTPs were added to 350 µM of each. 
High stringency PCR amplification began using hot start at 
72° C. for 5 min, during which 2 µl AmpliTaq ( diluted 1 in 
8 in water and pre-heated) was added. This was followed by 
a denaturation step of 96° C. for 2.5 min and 25-30 cycles 

15 
of: denaturation at 96° C. for 1 min, annealing at 56° C. for 
1 min and extension at 72° C. for 1-4 min (depending on the 
size of the product). (All the above times are for block 
control mode of the thermocycler.) 

FURTHER PROOFREADING BY PCR WITH 20 

PR2S: 

"Sequential mode", also termed "series of reactions" and 
"case A": A 1 µl aliquot of a 1 in 400 dilution of a completed 
PCR amplification using PRl ( described above) was used as 
the template. Two PR2s (forward and reverse) were used as 25 

the amplification primer pair. 
"One-tube reaction", also termed "case B" (Here proof

reading by PRl and PR2 is carried out in the same PCR 
amplification): 

An aliquot from an initial extension was used as the 
30 

template ( as in the case of amplification by PRl alone, as 
described above), but here both PRl s and PR2s (for the 
same site) were used together as amplification primers, at a 
ratio of 1 to 10 (i.e. 0.03 µM PRl and 0.3 µM PR2). In both 

35 
cases (A and B) the conditions and temperature regimes 
were as described above for amplification with PRls only. 

Labels, Tags and Chemical Modifications 
The modular primers and the amplification primers (e.g., 

PR, Uni) can be used with many labels and tags used with 40 
conventional primers. They can be made radioactive prior to 
the sequencing reaction, for example by phosphorylation 
with radioactive phosphate 32P. In other embodiments dif
ferent isotopes, like 35S can be used. For some automated 
sequencing machines the front module PR, or Uni (stem- 45 
like) primer can carry a fluorescent label near its 5'-end. For 
chemiluminescent detection they can carry a tag (a chain of 
atoms) with a binding group, like biotin, sitting on it. 
Alternatively, the binding group can be a chemical func
tional group, like an amino group, or carboxyl group, which 50 
can covalently bind various molecules. Biotin binding group 
can later bind a chemiluminescent molecule in a standard 
procedure of chemiluminescent detection. The biotin 
attached to the front module can also be used to bind 
streptavidin for DNA trapping electrophoresis (Ulanovsky et 55 
al. 1990). 

An oligonucleotide library, as well as a single oligonucle
otide can comprise one or more of these labels, tags and 
modifications. The labeled or modified oligonucleotide 
libraries can be built in more than one way. The 60 
modification, the tag or the label can be: 

1. incorporated into the oligonucleotide during the syn
thesis of the oligonucleotide ( e.g. biotin, aminomodifier 11 
Glenn Research Corp.). 

2. chemically linked to the oligonucleotide after the 65 

synthesis (biotinylation of the primary amino group incor
porated during the synthesis); 

22 
3. enzymatically incorporated into the oligonucleotide 

after the synthesis of the oligonucleotide ( e.g. terminal 
transferase mediated incorporation of dideoxy nucleotide 
triphosphate or of biotinylated dNTP). 

The modular primer can be composed of a different 
number of oligonucleotides, which can have different 
sequences, from the examples above. The invention should 
not be limited to DNA and should include the possibility of 
one or both strands of the above description being RNA 
strands, as well as the nucleic acid polymerases being not 
only DNA but also RNA polymerases. The number of 
nucleotides (bases) in each part of each oligonucleotide 
shown here can be different from the examples described in 
this application. 

The following notations are used herein: 

A - deoxyadenine 

C - deoxycytosine 

G - deoxyguanine 

T - deoxythymine 

i - deoxyinosine 

N - degenerate position (A+C+G+T) 

X - specific (non-degenerate) position. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 40 

(2) INFORMATION FOR SEQ ID NO:1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1: 

TCTTACGGTA ATCCATTGTA CTGCCGGACC AC 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 17 .. 18 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

ACGGGTACGA CGTTCANNAT TACC 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 
(D) OTHER INFORMATION: /product- "N 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 8 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

NCAGTACNCG AACGTCGTAC CCG 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

inosine" 

inosine" 

inosine" 

24 

32 

24 

23 
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(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 16 .. 17 

US 6,197,556 Bl 

-continued 

(D) OTHER INFORMATION: /product- "N inosine" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 19 .. 20 
(D) OTHER INFORMATION: /product-

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

TGTACGACGT TCAGGNNTNN CGT 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 18 .. 19 

"N inosine" 

(D) OTHER INFORMATION: /product- "N inosine" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

CTGACGTTCA GGGGTGGNNT AA 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

GTGGTCCGGC AGTACAATGG 

(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

ACGGGTACGA CGTTCAGG 

(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

26 

23 

22 

20 

18 
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(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

TTTACTGCCA TATTCTCCCC ACAAAAAAGC 

(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 17 .. 18 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

ACGGGTACGA CGTTCANNTA TGGC 

(2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 8 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

NTGTGGGNCG AACGTCGTAC CCG 

(2) INFORMATION FOR SEQ ID NO:11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 16 .. 17 
(D) OTHER INFORMATION: /product- "N 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 19 .. 20 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11: 

TGTACGACGT TCAGGNNTNN CAG 

(2) INFORMATION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 22 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 18 .. 19 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

TAGACGTTCA GGGGTGGNNG TA 

(2) INFORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

TTTGTGGGGT GAATATGGCA G 

(2) INFORMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

ACGGGTACGA CGTTCAGG 

(2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

AGTACGGTCA GTACAGTGTC ATCCTGCAGG T 

(2) INFORMATION FOR SEQ ID NO:16: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
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(B) LOCATION: 17 .. 18 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

ACCCGCTATC TGTGCANNAC TGAC 

(2) INFORMATION FOR SEQ ID NO:17: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 
(D) OTHER INFORMATION: /product- "N 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 8 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17: 

NGATGACNCG CACAGATAGC GGG 

(2) INFORMATION FOR SEQ ID NO:18: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 15 
(D) OTHER INFORMATION: /product- "N 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 17 .. 18 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 

GCTATCTGTG CAGGNTNNCC G 

(2) INFORMATION FOR SEQ ID NO:19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 17 .. 18 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: 

GTCTGTGCAG GGGTGGNNGT A 
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(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

CCAGGATGAC ACTGTACTGA C 

(2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

ACCCGCTATC TGTGCAGG 

(2) INFORMATION FOR SEQ ID NO:22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

TCATCAGAAA CGAACGCATC ATCAAGTGCC 

(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 17 .. 18 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

ACCCGCTATC TGTGCANNCG TTTC 

(2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 
(D) OTHER INFORMATION: /product- "N 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 8 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

NGATGATNCG CACAGATAGC GGG 

(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 16 .. 17 
(D) OTHER INFORMATION: /product- "N 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 19 .. 20 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

AGCTATCTGT GCAGGNNTNN CTG 

(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 17 .. 18 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

GTCTGTGCAG GGGTGGNNGA T 

(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

ACTTGATGAT GCGTTCGTTT CT 
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(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 

ACCCGCTATC TGTGCAGG 

(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 16 .. 17 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

CCATGCCGAT GTCGGNNCCT GAT 

(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 18 .. 19 
(D) OTHER INFORMATION: /product- "N 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 21. .22 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

CCATGCCGAT GTCGGGGNNT NNTGG 

(2) INFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 23 .. 24 
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-continued 

(D) OTHER INFORMATION: /product- "N - inosine" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

CCATGCCGAT GTCGGGGGGT GGNNGGC 

(2) INFORMATION FOR SEQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 62 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

27 

CAGTACTAGA CTAGACTAGA CTAGACGATA GTATAGCCCA TCAGGCCCCG ACATCGGCAT 60 

GG 62 

(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 62 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

CAGTACTAGA CTAGACTAGA CTAGACGATA GTATAGCCCA CCACCCCCCG ACATCGGCAT 60 

GG 62 

(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

GCTATCTGTG CAAAACCG 

(2) INFORMATION FOR SEQ ID NO:35: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 

ACCAGAGGCA CAGATA 

(2) INFORMATION FOR SEQ ID NO:36: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 41 base pairs 
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(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 

TGCGTTTCCT CGGTTTCCTT CTGGTAACTT TGTTCGGCTA T 

(2) INFORMATION FOR SEQ ID NO:37: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 13 .. 14 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

GCTATCTGTG CANNACCGAG 

(2) INFORMATION FOR SEQ ID NO:38: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 19 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(ix) FEATURE: 
(A) NAME/KEY: misc feature 
(B) LOCATION: 13 .. 14 
(D) OTHER INFORMATION: /product- "N 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38: 

GCTATCTGTG CANNACCGA 

(2) INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

TGACTCCATG GCCCAGAGGC ACAGATA 

(2) INFORMATION FOR SEQ ID NO:40: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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-continued 

(A) DESCRIPTION: /desc - "primer" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: 

CAAAGAGCAT GGAGT 

What is claimed is: 
1. A method for amplifying a segment of a nucleic acid 

template, said method comprising: 
(a) annealing the template to a first branched primer, said 

primer comprising a front and a back oligonucleotide 
module, wherein 
(i) the front oligonucleotide nodule comprises a stem 

segment; 
(ii) said stem segment is complementary to a stem 

segment of the back oligonucleotide module, 

10 

15 

(iii) said front and back oligonucleotide modules anneal 20 
to each other by means of said stem segments; 

(iv) each of said oligonucleotide modules also com
prises an arm segment, that is complementary to a 
site in the template; and 

(v) said site to which the arm segments of the front and 
back modules are complementary, and are suffi- 25 

ciently close to each other in the template so that said 
first branched primer forms a 3-way junction when 
annealed to the template; 

(b) extending the arm of the front module of the first 
branched primer on the temple by a polymerase 30 

enzyme to form a first initial extension strand; 
( c) annealing the first initial extension strand to a reverse 

primer which is capable of extension in the direction of 
the 5' end of the first initial extension strand; 

( d) extending said reverse primer on the first initial 35 

extension strand by a polymerase enzyme to form a 
second initial extension stand, which strand includes a 
complement to the front module of the first branched 
primer; and 

( e) amplifying a segment of the second initial extension 40 

strand comprising a copy of the segment of the nucleic 
acid template wherein the template segment is ampli
fied by using amplification primers. 

2. The method of claim 1, wherein at least one of the 
modules contains a chemical modification of the naturally 45 
occurring nucleic acid structure. 

15 

(b) extending the arm segment of the front module of the 
first branched primer on the template by a polymerase 
enzyme to form a first initial extension strand; 

( c) annealing the first initial extension strand to a second 
branched primer, said second branched primer com
prising a front module and a back module; and wherein 
(i) the front module comprises a stem segment and the 

back module comprises a stem segment, and the 
stem segments are complementary to each other, 
therefore are capable of annealing to each other; 

(ii) the front and back modules also comprise an arm 
segment which is complementary to a site in the 
template; and 

(iii) the sites on the template are sufficiently close to 
each other that the second branched primer annealed 
to the template forms a 3-way junction; 

( d) extending the arm of the front module of the second 
branched primer on the first initial extension strand by 
a polymerase enzyme to form a second initial extension 
strand which strand includes a sequence of the stem of 
the first branched primer that is complementary to the 
front module of the first branched primer; and 

( e) amplifying the second initial extension strand that 
comprises the sequences of the stems of the first and the 
complementary second branched primers by using 
amplification primers that comprise sequences that 
match the sequences of the stems of the front modules 
of the first and the second branched primers to achieve 
the amplification of a segment of the second initial 
extension strand that comprises sequences of said 
stems, said amplified segment comprising a sequence 
of the template DNA and sequences of said stems, said 
template segment having been amplified. 

6. The method of claim 5, wherein at least one of the 
modules contains a chemical modification of the naturally 
occurring nucleic acid structure. 

7. The method of claim 5, wherein at least one of the 
modules is linked to a member of the group consisting of 
intercalators, labels or tags. 3. The method of claim 1, wherein at least one of the 

modules is linked to a member of the group consisting of 
intercalators, labels and tags. 

4. The method of claim 1, wherein at least one of the 
amplification primers protrudes over the sequence of the 
template segment to be amplified. 

8. The method of claim 5, wherein said amplification 
primers are the front modules of the first and second 

50 branched primers. 
9. The method of claim 5, wherein at least one of the 

amplification primers protrudes over the sequence of the 
template segment to be amplified. 5. A method for amplifying a segment of a nucleic acid 

template, said method comprising the following steps: 
(a) annealing the template to a first branched primer, said 

primer comprising a front and a back oligonucleotide 
module, wherein 

10. A method of amplifying a segment of nucleic acid 

55 template, said method comprising the following steps: 

(i) the front module comprises a stem segment and the 
back module comprises a stem segment, and the 
stem segments are complementary to each other and 
therefore are capable of annealing to each other; 

(ii) each of said modules also comprises an arm seg
ment which is complementary to a site in the tem
plate; and 

60 

(iii) said complementary sites in the template are suf
ficiently close to each other so that the first branched 65 

primer annealed to the template forms a 3-way 
junction; 

( a) annealing the segment to a covered primer comprising 
a first primer oligonucleotide and a cover 
oligonucleotide, each of said first primer oligonucle
otide and cover oligonucleotide comprising stem seg-
ments complementary to each other, said oligonucle
otides annealing to each other by means of said stem 
segments, said first primer oligonucleotide comprising 
an arm segment which is complementary to a site in the 
template; 

(b) extending the arm of the first primer oligonucleotide 
on the template by a polymerase enzyme to form a first 
initial extension strand; 
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( c) annealing the first initial extension strand to a reverse 
primer that is capable of extension in the direction of 
the 5' end of the first initial extension strand; and 

(d) extending the reverse primer on the first initial exten
sion strand by a polymerase enzyme to form a second 
initial extension strand that comprises a sequence 
complementary to the stem of the first primer oligo
nucleotide; and 

( e) amplifying at least a part of the second initial exten
sion strand by using amplification primers that include 

5 

an amplification reverse primer and an amplification 10 

primer that matches the stem sequence of the first 
primer oligonucleotide to amplify a segment of the 
second initial strand, said amplified segment compris
ing a sequence of the template DNA as well as a 
sequence that matches said stem, wherein said template 15 
segment is amplified. 

11. The method of claim 10, wherein at least one of the 
two oligonucleotides in the covered primer contains a 
chemical modification of the naturally occurring nucleic 
acid structure. 

46 
12. The method of claim 10, wherein at least one of the 

primers is linked to a member of a group consisting of 
intercalators group, labels or tags. 

13. The method of claim 10, wherein at least one of the 
amplification primers protrudes over the sequence of the 
template segment to be amplified. 

14. The method of claim 10, wherein at lest one of the 
amplification primers comprise a chemical modification of 
the naturally occurring nucleic acid structure. 

15. The method of claim 1, wherein one of said amplifi
cation primers comprises a segment homologous to said 
stem segment of said front module, said segment being 
approximately the length of said stem segment. 

16. The method of claim 1, wherein the reverse primer 
may be a second branched primer. 

* * * * * 
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Line 49, please underline the heading "Sequence specificity of priming" 
Line 64, please underline the heading "Sizes of libraries of modular primers" 

Column 15, 
Line 38, please replace "6mer" with -- 6-mer --

Column 16, 
Line 23, please replace "the all" with -- all the -
Line 41, please replace"&" with -- ' --
Line 4 7, please underline heading "Branched Modular Primer" 
Line 47, please begin a new paragraph with "FIG. 4 schematically shows an" 
Line 63, please underline the heading "Oligonucleotide libraries for branched modular 
primers" 

Column 17, 
Line 16, please underline the heading "Uniqueness of the annealing site" 
Lines 48-49, please underline the heading "Connecting (unpaired) nucleotides in 
modular branched primers" 

Column 18, 
Line 35, please replace "3' end" with -- 3' -end --
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 19, 
Line 3, please replace "5' -ftt" with -- 5 · -ttt --
Line 37, please replace "GAMACG" with-- GAAACG --

Column 20, 
Lines 51, 55, 56 and 57, please delete"." after "C" 

Column 21, 
Lines 13, 15, 16 and 17, please delete"." after "C" 
Line 33, please delete the space between "PRI" and "s" 
Line 38, please underline the heading "Labels, Tabs and Chemical Modifications" 

Column 22, 
Lines 38-39, please make a new paragraph for the reference "Kieleczawa, J., Dunn J.J., 
& Studier, F.W." 
Line 62, please delete the space between "l" and "990" 

Column 45, 
Line 10, please insert -- first -- after "reverse" 

Column 46, 
Line 8, please replace "lest" with -- least --

Attest: 

Attesting Officer 

Signed and Sealed this 

Thirtieth Day of April, 2002 

JAMES E. ROGAN 
Director of the United States Pate111 and Trademark Office 


