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TITLE OF THE INVENTION
VECTOR FACILITATED SEQUENCE ADDITION

BACKGROUND OF THE INVENTION

[0001] The present invention is directed to a method for adding sequence to a polymerase
chain reaction (PCR) product. More specifically, the present invention is directed to a technique
that utilizes linear plasmid DNA to add sequence to a previously amplified PCR product. According
to the present invention, this sequence addition is accomplished by performing a secondary PCR
with secondary primers wherein the secondary primers denote the endpoints of the sequence to be
added. The method avoids the need for synthesizing long strands of nucleic with a DNA synthesizer
and avoids the need for inefficient steps such as ligation and subcloning.

[0002] The publications and other materials used herein to illuminate the background of the
invention or provide additional details respecting the practice, are incorporated by reference, and
for convenience are respectively grouped in the Bibliography.

[0003] A combination of many different discoveries has made manipulation of DNA routine
in research laboratories. The discovery of restriction endonucleases which cleave DNA at specific
base sequences, the discovery of plasmids and bacteriophage which can be used as cloning vectors,
the development of automated DNA synthesizers and the development of amplification techniques
such as the polymerase chain reaction have made it very easy to prepare almost any sequence of
DNA desired. Nonetheless, there is still a desire for improved methods. For example, although
DNA synthesizers can be used to synthesize a DNA molecule of any desired base sequence, this can
be quite expensive for very long molecules and errors in the base sequence are more likely to be
present for very long molecules. Methods of using restriction endonucleases to cut out and subclone
desired fragments of DNA can overcome the problems associated with using DNA synthesizers, but
such methods are limited by the necessity of having appropriate restriction sites at the desired
locations.

[0004] Many books and articles have been published concerning techniques of nucleic acid
manipulation. General texts include Ausubel et al. (1992), Maniatis et al. (1982), Sambrook et al.
(1989), and Glover (1985). One text on polymerase chain reaction (PCR) is by Innis et al. (1990).
Several other amplification techniques have been developed since the original PCR method was

developed, e.g., strand displacement amplification (W alker et al., 1992; Spargo et al., 1996) to name
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just one. These methods are widely known by practitioners throughout the field of molecular
biology and related fields.
[0005] It is an object of the present invention to provide an improved method for adding

sequence to PCR product.

SUMMARY OF THE INVENTION

[0006] The present invention discloses a method for adding vector sequence to a nucleic acid

of interest. The method can be used to add large segments of nucleic acid from a vector onto a
desired DNA fragment such as a fragment obtained by an amplification method. The method does
not require the synthesis of long pieces of DNA by an automated DNA synthesizer nor does it
depend upon the use of appropriate restriction enzymes at desired locations, nor does it require the
cloning of the nucleic acid into a vector or steps of ligation. Instead the method combines one step
of adding short fragments of DNA to the nucleic acid of interest with an amplification technique and
a second step to amplify the exact desired fragment of the combined vector plus nucleic acid of
interest. The result is that the nucleic acid of interest has portions of a vector added to both ends.
This is accomplished without a need for cloning or subcloning into a host such as a bacterium.
[0007] This method is applicable to a variety of uses including, but not limited to, cloning
a gene from a cDNA library into a vector, cloning a gene from an individual cDNA into a vector,

constructing a cDNA library, and moving a library from one vector to a different vector.

BRIEF DESCRIPTION OF THE FIGURES

[0008] Figures 1 A-B illustrate one conceptual method of vector facilitated sequence addition
which occurs via 1) filling-in a linearized plasmid, 2) denaturing the filled-in linearized plasmid and
annealing with a primary PCR product, 3) extending the free 3' ends of the annealed product, and
4) performing PCR with specified primers. The numbers in parentheses above and below the
sequences refef to SEQ ID NOs.

[0009] Figures 2A-B illustrate a second conceptual method of vector facilitated sequence
addition which occurs via 1) annealing secondary primers with a linearized and denatured plasmid
and extending the primers, 2) annealing the extended secondary primers with denatured primary
PCR product, 3) extending the ends of the annealed product, 4) denaturing and reannealing, 5)
extending the 3' ends and 6) continuing with subsequent rounds of PCR. The numbers in

parentheses above and below the sequences refer to SEQ ID NOs.
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DETAILED DESCRIPTION OF THE INVENTION

[0010] “Vector Facilitated Sequence Addition” is a technique that utilizes linear DNA,
preferably from a vector such as a plasmid, to add sequence (tails) to a previously amplified PCR
product of interest. The method need not use plasmid DNA but can utilize any other linear or
linearized DNAs (e.g., viral or phage DNA) with appropriate tails which can be made via restriction
endonuclease digestion or which can be synthetically added to the DNA. Although one method
described below begins with a circular plasmid which is linearized, it is also possible to begin with
a linear nucleic acid. Furthermore, the method is applicable to using circular DNA directly without
linearizing when said circular DNA encompasses a region which “poisons” amplification of the
circular DNA, i.e., amplification of the circular DNA is inhibited because of the sequence of a
portion of the DNA. Although not wishing to be bound by any theory, it is believed that often such

“poisoned” circular nucleic acids linearly amplify to only a certain distance from each primer and

. these linearly amplified portions can then act as tails. The following discussion is based upon use

with a circular plasmid.

[0011] The following description describes two methods which conceptually are occurring
during the reaction process. In fact, a variety of reactions are occurring simultaneously during the
reaction process, and the specific reactions described below are only two examples of what is
occurring. The Applicants do not wish to be bound by the following description, rather the
description is included only as an explanation to understanding some reactions which may be
occurring when the physical reaction steps are performed. Whether the described reactions do or
do not occur or whether additional, nondescribed reactions occur, is irrelevant to the fact that when
the described method steps are followed the desired result is obtained.

[0012] The process is as follows. First a circular plasmid DNA is linearized with restriction
endonucleases. Second, the template to be extended with plasmid specific sequence is prepared by
PCR. The 5' end of each primer used to amplify the template contains additional sequence which
is not homologous to the gene specific target sequence. These 5' ends of the primers are
homologous to the linearized plasmid DNA and allow the primary PCR product to be extended in
an extension step as part of a secondary polymerase chain reaction. It should be noted that it is
irrelevant in which order the above two steps are performed, i.e., thé template extension can be
performed prior to plasmid linearization. Third, the secondary PCR utilizes the homology between
the linearized plasmid DNA and the primary PCR product ends to add a specific plasmid sequence

to the primary PCR product. Primers homologous to the plasmid sequence determine the number
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of bases added.” As PCR proceeds the specific plasmid sequence is added to the primary PCR
product in two ways, either directly from the linear plasmid DNA or from the product produced
from the linear plasmid during the secondary PCR. The end PCR product is the primary PCR
product flanked 5' and 3' by sequence homologous to the plasmid and is suitable for use in

homologous recombination cloning methods.

Step 1: Plasmid Linearization

[0013] The plasmid which is to be added in part to a nucleic acid of interest is linearized
with restriction endonucleases. A wide variety of plasmids are known, many which include
multicloning sites within them. Any desired plasmid can be used with this method, although those
with multicloning sites may be simpler to work with because they have been engineered to contain
a variety of single sites for a number of restriction endonucleases. In this example, the plasmid
GBT.PN2 is digested with restriction enzymes EcoRI and Ps¢I. This causes the plasmid to be
linearized with one end corresponding to an EcoRI recognition site and the other end corresponding
to a PstI recognition site. A short piece of DNA between these two restriction enzyme sites is cut
out and, if desired, can be separated from the large linear remainder of the plasmid by any technique
known to those of skill in the art, e.g., size separation through a molecular sieve or a gel, etc. The
two ends of the large linear portion of the plasmid which is to be utilized is shown in part by the
following sequences (note that each strand of double-stranded DNA is given its own SEQ ID NO
(or SEQ ID NOs if in fragments) throughout this application):

EcoRI site
5'...CGCAGGAAACAGCTATGA. ..CCGCCACCATGG 3! (SEQ ID NOs:1+2)
3!, . .GCGTCCTTTGTCGATACT. . .GGCGGTGGTACCTTAA 5! (SEQ ID NOs:4+3)
Pstl site

5' GTGAGAGCG...GTCGTGACTGGGAAAACA...3! (SEQ ID NOs:5+6)
3' ACGETCACTCTCGC...CAGCACTGACCCTTTTGT...5! (SEQ ID NOs: 8+7)

The “. . .” represents additional bases in the sequence which are not shown.
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[0014] The restriction endonuclease EcoRI generates a 5' overhang that can be filled in with
a polymerase. The restriction endonuclease Ps¢I generates a 3' overhang that may not be filled in
with a polymerase.

[0015] This linearized plasmid can be denatured to be used in a hybridization and extension

reaction as part of a polymerase chain reaction with the DNA of interest as detailed in Step 3 below.

Step 2: Primary PCR Product Preparation
[0016] The nucleic acid of interest or target (e.g., a gene or gene fragment) is amplified

using PCR techniques (see, e.g., U.S. Patent Nos. 4,683,195 and 4,683,202 and Innis et al., 1990).
Modified specific primers are used to amplify the nucleic acid of interest or target. These modified
primers possess additional sequence on their 5' ends homologous to the linear plasmid DNA of Step
1 above. These primer ends generate the homologous bases needed to add long tails to the primary
PCR product from the linear plasmid in a secondary PCR.

| [0017] The sequences of the primary PCR primers are:
FORWARD 5'CCACCATGGAATTA “TARGET” 3' (SEQ ID NO:9)
REVERSE 5'CGCTCTCACTGCA “TARGET” 3' (SEQ ID NO:8)
“TARGET” represents the target sequence of the nucleic acid to be amplified and cloned can be a
gene, gene fragment, probe, primer or any desired nucleic acid sequence.

[0018] The forward and reverse primers are mixed with the nucleic acid of interest
(TARGET) and a polymerase chain reaction or other amplification technique is performed by
methods well known to those of skill in the art. The product which results is an amplified nucleic
acid which consists of the original nucleic acid of interest with a tail at each end. The product is
represented by:

5' CCACCATGGAATTA--TARGET--TGCAGTGAGAGCG 3' (SEQID NOs:9+10)

3' GGTGGTACCTTAAT--TARGET'--ACGTCACTCTCGC 5' (SEQID NOs:11 + )

where the term “TARGET” or “TARGET ' “represents the nucleic acid of interest. This product is
referred to as the primary PCR product.

[0019] The tail at the left end as represented is complementary to the filled-in EcoRI end of
the linearized plasmid of Step 1 except that an extra “A:T” base pair is present abutting the
TARGET. The reason for this additional base pair is that often upon filling in the overhang left by
digestion with EcoRI an additional A can be added if a nonproofreading DNA polymerase is used.
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By including the A:T basepair, the additional A, if added in the fill-in reaction, is automatically
taken into account and all products are identical.

[0020] The tail at the right end as represented above is complementary to the PstI end of the
linearized plasmid of Step 1. The resulting amplified nucleic acid (the primary PCR product), upon
denaturation, can renature with denatured linearized plasmid of Step 1. This is done in Step 3

described below.

Step 3: Addition of Vector Sequence to Primary PCR Product
[0021] The primary PCR product of Step 2 is denatured and mixed with linearized and

denatured plasmid from Step 1 (the two DNAs may be mixed first and then denatured
simultaneously). A secondary PCR will extend the 3' ends of the primary PCR product where they
are homologous to the linear plasmid. Linear plasmid facilitates the extension of the primary PCR
product in at least two ways. Two different methods are set forth below for mixing the products of
Steps 1 and 2 to form a template for a final PCR to produce the desired nucleic acid of interest with

a portion of the vector added to it.

A) Method One

[0022] In method one, the two ends of one strand of the linear plasmid are homologous to
the two ends of one strand of the primary PCR product, the two ends of the second strand of the
linear plasmid are homologous to the two ends of the second strand of the primary PCR product,
and the desired sequence is added directly from the linear plasmid DNA. Long plasmid specific
tails can be added to the primary PCR product through the homology found between the linear
plasmid and the primary PCR products’ ends. The amplified primary PCR product of Step 2 is
denatured and mixed with denatured plasmid of Step 1 (or the two are mixed and simultaneously
denatured). The ends of one strand of the primary PCR product of Step 2 can hybridize with the two
free ends of one strand of the linearized plasmid of Step 1. At this step (following step B of Figure
1A) the plasmid is mostly single-stranded with double-stranded portions only occurring where the
ends of the plasmid hybridize with the ends of the nucleic acid of interest, i.e., in the regions of the
EcoR1 and PsA restriction enzyme sites. This partially single-stranded nucleic acid can be extended
from both 3' ends to produce a double-stranded nucleic acid comprising the nucleic acid of interest

(TARGET) between the EcoRI and Pst sites.
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[0023] The above process is illustrated in Figures 1A-B. In these Figures the linearized
plasmid is shown at the top of the figure. The arrows at each end indicate that the strand continues
and in fact, as shown, the 5' end of the top strand is shown on the right-hand side while the 3' end
of the same strand is shown on the lefi-hand side. This is to represent the fact that a circular plasmid
has been cut and is now linear. The “...” indicates additional DNA sequence but which sequence
is not explicitly set out. Both strands of nucleic acid from the nucleic acid of interest will be used
in this process with each one hybridizing to its complementary strand of the denatured plasmid.

[0024] All of the following steps as shown in Figures 1A-B can be performed as part of a
single polymerase chain reaction and will all be occurring concurrently once the reaction has gone
through the initial round. A polymerase chain reaction is performed as a series of cycles with each
cycle including the steps of denaturation, reannealing and extension. However, for illustrative
purposes, the various steps are shown as if they are separate steps being performed sequentially.

[0025] Step (i) of Figure 1A is a fill-in (or extension) reaction to fill in the 5' overhang of
the EcoRI site in the linearized plasmid. If a nonproofreading DNA polymerase is used an

. additional A (shown in parentheses) may be added.

[0026] Step (ii) of Figure 1A includes the steps of denaturing the linearized and filled-in
plasmid and denaturing the primary PCR product and reannealing the two. This step shows the
“top” strand of the plasmid hybridizing with its complementary strand of the primary PCR product
(“bottom” strand) and the “bottom” strand of the plasmid hybridizing with its complementary strand
(“top” strand) of the primary PCR product. As shown, the single-stranded primary PCR product
hybridizes to both the EcoRI end and the Ps?I end of the single-stranded, linearized plasmid. Step
(iii) is the extension of the free 3' ends thereby resulting in a nucleic acid which is blunt-ended at
a definitive point on one side while continuing to an indefinite stop within the plasmid sequence (the
stopping point of each individual molecule depending upon the fidelity of the enzymes involved)
on the other end, with “TARGET” incorporated between the EcoRI and the Psi sites.

[0027] Step (iv) is a standard PCR reaction utilizing the products of step (iii) and the two
primers shown. Complementary strands of each of the two products of step (iii), specifically the
strands labeled as “Plasmid top strand” and ‘“Plasmid bottom strand” at the top of Figure 1B,
hybridize with each other to form a product which acts as a template for the two primers (SEQ ID
NOs:1 and 7) to allow exponential amplification of this product. Other strands may also hybridize
but will not lead to exponential amplification and these are not illustrated. The primers are

complementary to a portion of the linearized plasmid. By “portion” is meant a continuous stretch
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of bases of length equal to or approximately equal to the length of the primer which is
complementary to said portion, e.g., if a 15 base primer is used then “portion” can refer to 15 bases
of the plasmid which are complementary to the primer or to any part of the plasmid to which the
primer will specifically hybridize under the PCR annealing conditions. The resulting product (the
secondary PCR product) is the amplified PCR product shown at the bottom of Figure 1B. Further
rounds of PCR continue to amplify this final product. The primers used in step (iv) can be selected
to give the exact ends desired from the plasmid. The final product is a linear nucleic acid

comprising the nucleic acid of interest (TARGET) flanked on each side by a segment of plasmid.

B) Method Two

[0028] The second method of producing the final product differs conceptually from the first
method described above. Again a primary PCR product is prepared as in method one and again the
secondary plasmid specific primers are:
FORWARD 5' CGCAGGAAACAGCTATGA 3' (SEQ ID NO:1) and
REVERSE 5' TGTTTTCCCAGTCACGAC 3" (SEQ ID NO:7)

These primers are homologous to the plasmid in the regions indicated by lowercase letters:

EcoRI site
5'...cgcaggaaacagctatga.. .CCGCCACCATGG 3! (SEQ ID NOs:1+2)
3'...gcgtecctttgtegatact. .. .GGCGGTGGTACCTTAA 5! (SEQ ID NOs:4+3)
Pstl site

5' GTGAGAGCG...gtcgtgactgggaaaaca...3' (SEQ ID NOg:5+6)
3' ACGTCACTCTCGC. . .cagcactgacccttttgt.. .5’ (SEQ ID NOs:8+7)

[0029] In this second method, the plasmid specific primers generate a plasmid specific
product from the linear plasmid DNA. The 3' ends of the plasmid specific PCR products are
homologous to the 3' extendable ends of the primary PCR product. Therefore, the plasmid specific
product serves as a template for the addition of a long plasmid specific tail to the primary PCR
product. The plasmid itself or an elongated primer resulting from annealing and extension of the
secondary primers during the PCR can hybridize with ‘the denatured primary PCR product. Figures
2A-B illustrate the case using elongated secondary PCR primers. As with Figures 1A-B, all
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reactions shown in Figures 2A-B can be occurring concurrently within a single PCR but for
explanatory purposes are shown as individual sequential steps.

[0030] The top of Figure 2A agaﬁn shows the linearized plasmid. Upon denaturation of the
plasmid and annealing with secondary PCR primers (step (i)), the primers anneal to the plasmid and
are extended to the ends of the EcoRI site and the Ps?I site by DNA polymerase which is present in
the PCR reaction. Step (i) can be considered to be a linear amplification step. In step (ii), upon
denaturation and reannealing, the elongated secondary PCR primers can anneal with the denatured
primary PCR product to form the two products shown. The 3' ends are extended in step (iii) to yield
the two distinct products shown. Each-of these effectively is the primary PCR product with one of
the two elongated secondary primers added in its double-stranded form. In step (iv), another round
of denaturation and annealing occurs. Several products are possible. The two products shown
resulting from step (iii) can be reformed (these are not shown following step (iv)) but these could
not be exponentially amplified by the primers which are present if they were in isolation from each
other. Two other possible products in this round are those shown after step (iv). The upper product
cannot be elongated but the lower product can be elongated as shown by step (v). The resulting
product is the primary PCR product with both elongated secondary PCR primers added, one at each
end. Successive rounds of PCR (step (vi)) with this product and the secondary PCR primers result
in exponential amplification of the product shown resulting from step (v). This is the secondary
PCR product and it is identical to the product obtained by method 1 as shown in Figure 1B.

[0031] As noted above, other reactions are simultaneously occurring with those shown in
Figures 2A-B. Rathér than annealing with elongated secondary PCR primer, the primary PCR
product can anneal with one end of the linearized plasmid. The end result from PCR will be
identical as that shown in Figures 2A-B. Those of skill in the art can easily work through the steps
to prove this point. It is also possible for a linearized plasmid to anneal its EcoRI tail to one primary
PCR product and its Pstl tail to a second primary PCR product or to even form concatemers. Once
again, the final exponentially amplified product of PCR will be identical to that shown in Figures
2A-B. All such reactions are in fact occurring simultaneously in a single tube. Furthermore,
altﬁough the two “methods” described above are described as though they are separate methods, in
fact they are occurring simultaneously within a single test tube.

[0032] The Figures illustrate that regardless of the exact steps which occur, a single desired
exponentially amplified product is obtained. As those of skill in the art recognize, other products
will also be formed during the PCR, but the majority product formed is the desired product as
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outlined above and this can be purified from other products which may form by gel electrophoresis
or other desired means. If desired, more than one nucleic acid of interest and/or more than one
plasmid could be used simultaneously to yield a mixture of products, for example the method can

be used to create cDNA libraries or to transfer libraries from one vector to another vector.

EXAMPLE
[0033] The present invention is further detailed in the following Example, which is offered
by way of illustration and is not intended to limit the invention in any manner. Standard techniques

well known in the art or the techniques specifically described below are utilized.

EXAMPLE 1
Vector Facilitated Sequence Addition

[0034] Step 1: Circular plasmid GBT.PN2 is linearized with EcoRI and Ps#I according to
manufacturers’ instructions.

[0035] Step 2: In Step 2, tails homologous to the EcoRI and PstI tails of the linearized
plasmid are added to the gene of interest or target by a primary PCR reaction. For a nucleic acid
of interest of sequence:

51 ACGATAGAGACTTTAGAAGCCCGGTTGGACCGCGTAGACGAGTC 3' (SEQIDNO:12)

3' TGCTATCTCTGAAATCTTCGGGCCAACCTGGCGCATCTGCTCAG 5' (SEQIDNO:13)
the primers for the primary PCR are:

5' ccaccatggaattaACGATAGAGACTT 3'  (SEQ ID NO:14) and

5' cgeteteactgcaGACTCGTCTACGC 3! (SEQ ID NO:15),

where the lower case letters indicate added tails and the upper case letters indicate the nucleic acid
of interest or “TARGET”. Performing PCR using any set of conditions well known to those of skill
in the art (see, e.g., U.S. Patent Nos. 4,683,195 and 4,683,202 and Innis et al., 1990) yields the

primary PCR product of SEQ ID NOs:16 and 17:

5t ccaccatggaattaACGATAGAGACTTTAGAAGCCCGGTTGGACCGCG (cont'd)
3' ggtggtaccttaatTGCTATCTCTGAAATCTTCGGGCCAACCTGGCGC (cont'd)
TAGACGAGTCtgcagtgagageg 3' (SEQ ID NO:16) '
ATCTGCTCAGacgtcactctege 5' (SEQ ID NO:17)
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[0036] Step 3: In this step a secondary PCR is performed. The secondary primers are used
at 0.4 uM, and the dNTP mix is 0.2 mM of each dNTP. Twelve nanograms of GBT.PN2 is used
per 12 pL reaction. The primary PCR product is diluted 20 fold in the final secondary PCR reaction
(i.e., if 2 20 puL secondary PCR were being performed then it would contain 1 pL of the primary
PCR product of step 2). The buffer consists of 10% (w:v) sucrose, 0.5 mM tartrazine, 10 mM
TrisHCI, pH 8.3, 50 mM KCl, 5 mM MgCl,, and 0.01% (v:v) Tween 20 plus the primers, dNTPs
and plasmid as noted above. Also, DNA polymerase is present as a mixture of two polymerases,
these being 0.38 units of Amplitaq Gold polymerase (Perkin-Elmer) plus 0.008 units of cloned PFU
polymerase (Stratagene). The PCR conditions are an initial denaturation at 95°C for 10 minutes
followed by 35 cycles of 95°C for 20 seconds, 54°C for 30 seconds and 72°C for 4 minutes. The
final cycle is followed by holding at 72°C for an additional 5 minutes and then the samples are
placed at 10°C. During this secondary PCR all of the steps shown by Figures 1A-B and 2A-B occur
and produce the desired product. Using secondary primers of:

5' CGCAGGAAACAGCTATGA 3' SEQIDNO:1
5'TGTTTTCCCAGTCACGAC3' SEQIDNO:7
will yield the final desired amplified molecule:
) (16)
5' cgcaggaaacagctatga...ccaccatggaattaACGATAGAGACTTTAGAAGCCC

3' gcgtectttgtegatact. . .ggtggtaccttaatTGCTATCTCTGAAATCTTCGGG
(4) (17)

(16 cont'd) (6)
GGTTGGACCGCGTAGACGAGTCtgcagtgagagceg. . -.gtcgtgactgggaaaaca 3!
CCAACCTGGCGCATCTGCTCAGacgtcactctege. . .cagcactgaccettttgt 5!

(17 cont’d) @)

[0037] While the invention has been disclosed in this patent application by reference to the
details of preferred embodiments of the invention, it is to be understood that the disclosure is
intended in an illustrative rather than in a limiting sense, as it is contemplated that modifications will)
readily occur to those skilled in the art, within the spirit of the invention and the scope of the

appended claims.
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WHAT IS CLAIMED IS:

1.

A method for adding portions of a circular nucleic acid to ends of a nucleic acid of interest
comprising the steps of:

(2) linearizing said circular nucleic acid to form a linear nucleic acid;

(b) adding tails to said nucleic acid of interest to form a tailed nucleic acid of interest,
wherein said tails are complementary to said circular nucleic acid; and

(c) performing an amplification reaction comprising combining said linear nucleic acid, said
tailed nucleic acid of interest and a pair of primers wherein said primers are complementary

to a portion of said circular nucleic acid.

The method of claim 1 wherein step (c) is a polymerase chain reaction.

The method of claim 1 wherein said linearizing is performed with two restriction

endonucleases.

The method of claim 1 wherein said tails are complementary to ends of said linear nucleic

acid.

The method of claim 2 wherein two DNA polymerases are present.

The method of claim 1 wherein said nucleic acid of interest comprises more than one

sequence of nucleic acid.

The method of claim 1 wherein said method is used to create a DNA library.

A method for adding portions of a first nucleic acid, wherein said first nucleic acid is linear,
to ends of a second nucleic acid wherein said second nucleic acid is a nucleic acid of interest
comprising the steps of:

(a) digesting said first nucleic acid of interest with one or more restriction endonucleases to
produce a digested nucleic acid;

(b) adding tails to said second nucleic acid to form a tailed second nucleic acid, wherein said

tails are complementary to said plasmid; and
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11.

12.

13.

14.

15.

16.

17.
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(c) performing an amplification reaction comprising combining said digested nucleic acid,
said tailed second nucleic acid and a pair of primers wherein said primers are

complementary to a portion of said first nucleic acid.
The method of claim 8 wherein step (c) is a polymerase chain reaction.

The method of claim 8 wherein said linearizing is performed with two restriction

endonucleases.

The method of claim 8 wherein said tails are complementary to ends of said digested nucleic

acid.
The method of claim 9 wherein two DNA polymerases are present.

The method of claim 8 wherein said nucleic acid of interest comprises more than one

sequence of nucleic acid.
The method of claim 8 wherein said method is used to create a DNA library.

A method for adding portions of a circular nucleic acid to ends of a nucleic acid of interest
comprising the steps of:

(a) adding tails to said nucleic acid of interest to form a tailed nucleic acid of interest,
wherein said tails are complementary to said circular nucleic acid;

(b) performing an amplification reaction comprising combining said circular nucleic acid,
said tailed nucleic acid of interest and a pair of primers wherein said primers are

complementary to a portion of said circular nucleic acid.
The method of claim 15 wherein two DNA polymerases are present.

The method of claim 15 wherein said nucleic acid of interest comprises more than one

sequence of nucleic acid.
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18.  The method of claim 15 wherein said method is used to create a DNA library.

19.  The method of claim 15 wherein said circular nucleic acid is recent to exponential

amplification by polymerase chain reaction.



PCT/US01/42409

WO 02/29081

1/4

(wo330q PTWS®ET]) « IOLLLIDODYOLIOYIOVD " * *DDILIIOVILODY ¢

(puexas doa

(puexas wolloq 3drTIOosSueI] AIPWTIIJ)

(do3 pTuseTd)

YT HANDTIA

spus

(L) (8)

jdrtaosueal Axewtad)
(0T)

(8)

+ YOVVYYYOODILOVOLODILD * * *HOOYDVOILD
(9) (g)

1§

10NpoId ¥od ATewTad YaTm Tesuue pue ainjeusq

(L) (8)
IDLLLIODDYDLIIVIDYD * * "DDDLIOLOVILIOY 4 €
YOVYYYODOLOVOLODLD * ° "DODYDVDLD 4§

(9) (S)

UT-TTTd

(L) (8)
IOILIIOODYOLOYODYD * * " DDOLIIOVOLODY €
YOVVYYODDLOVOLODLD ™ * "DODYIVOLD 4§

(9) (g)

i €

€ 9917 puelxRyg e

1§ YYLIDOVIODOLOODDD " ° " LOVLYDILOLLLODLIDOD —~
1€ DODYDYDLOVYDIDL~LEADIVIL-YLIVYDDLYDOYOD

1 €

ﬁ (TT)

ﬂ (T)

(1T)

(8T)

()

(8T)

(€)

(2)

(TTT)

(€)

(6)

1 G DDDLDIDYOLOIV-LEDIAVL- LYY LLOIOVYLODLOD

1§ YYLIDOYIODILIDDODD®
1 € DDLVYDIYDODDD”

(%)

)

1S YYLILODOVYIOOIONODDIOD* *
(¥) LIVYOOIYDIYIIODDD " *

1 €

(¥) LIVYHOILYOIYIDIDDD ° © "¥DIYLIDVIVYVYIIVYIDD~>

(1)

(%)
" LOYLVODIOLILIOINDD —
"¥OIVIDOYOYYYOOVOID —
(1)

(%)
" LOVIYODIOLLIODLODD
" ¥OIVIOOYIOVYYIOVIDD
(1)



PCT/US01/42409

WO 02/29081

2/4

(L)

dT dd0DTH

(8) (6T) (%)

1§ ILOLLIIDDDYOLOVYIOYD * * * D9DIDIOYIIOIY - LHDUY L~ LYY LLOOYIOOIODDDD * * * LTOVLYDIIDIIIODIIID €
1€ YOVYYVYVYOODILOYDLODID © ° " ODDHYOYILOVIDL-LHDIVI-YLLIVYDOLYIIOVYOIDDD " * "¥DLYLODYIVYYYDOVIODD S

(9)

(0T) (8T) (1)

(L:ON dI 0dFS) € DYDIOVIILOVODILLLIOL ,§ Pu® (T:ON
ar 0ds) EVOLVIODVOVVVYIOVIDD S UITM ¥Dd WIoFied ﬁ (AT)

(pueals &opuog pTwseTd)
(puexas doa adtaosueal AzewTtad)

(pueaas woajoq 3dTIOosSueI] AIRWTIJ)
(puexys doa pTwseTd)

(L) (8) (11)
+ IOLILLODDYOLOYIOYD " * *D9IIDLOYILODV - LIDIV L~ LYY LLIOYIODLDD
«— YDVYYVVYOIDIDVDIOOID * * "DIIYDVOLOYIDL-LEDIY L~V LIVYODLYOIVID
(9) (0T) (6)

(8) , (6T) (%)
\ S D9DIOLOVOLOOY-LADNYI- LYY IIOOVIONIONIDD * * * IOVIVOOLOLLLODIO0D —
€ DOOYOVDIOVODI-IIOYYI-VLIVYOOIYOOYIDDID * * “¥OIVIIOVIVYYOOYIOD —
(0T) (8T) (T)



PCT/US01/42409

WO 02/29081

3/4

¥z 2anbTd

SpUS , £ PUSIX® ﬁ (TTT)

(L) (02)
.G 21baa3aoooebioenben:t * *0bHOIDJIORD ¢
1 £ DOHYOHYIILOVYIOL-LEDEYIL-YLILYYDDLYDIVYID 1§
(0T) (6)
pue
(8) (TT)
1§ DDDIDILOYILOOY-LEDYVYL- LYY LLDDOYLODDLDD €

L€ (B)aaeebbreoorooboo- - ~ebieiobeoeeebbenhbo g

(8T) (1)

1onpoxd ¥Dd Axewtad paInijeusp YaITM Tesuue ﬂ (TT)

.S 2b31733000ebhyneDhED " 0hHO3DIDED ¢ pue ¢ (V¥)3aeebbieooeooboo: t rebjieiobeoeeebbeobo g
(L) (02) (8T) (1)

(L:ON QI 0dES) ,goeboen3beodd3nnabiy,g
pue (T:ON QI 0HS) .cebiejobeoreebbeobo,q

sxowtad AIepuODSS JO UOTSUDIXH % (T)
(L) (8) (€) (7)
— LOLLLLODDYDILOVYODVYD ™ * "DOOIDLOLOVYILIDY € 1§ YYLIODVYIODOILOODDD " © " LOYLYDDLDLLLIDLODD —
+— YOVYYVYYDDDLOVYDLODLD ™ " "DIIDE¥DYDLD 1§ 1€ DDLVYDOVYDDDID " " "Y¥DILVYLODYIOYYYDIVIDD —

(9) (g) (2) (1)



PCT/US01/42409

WO 02/29081

4/4

1§
1 €

1 €

1S

i €

(L)

d¢ HdNDTd

(8)

(6T)

IOLLLIODODOYDLIOYIDVYD " * "OODLIOLOVILDOY - LADYVY L - LYY LLODOVYLODLDDODD *
YOVYYYYOOOLOVOLODLY * * *DDOYOVIILOVIIL-IEDYVL-e13eebbleodedobdd

(9)

(L)

IDLLLIDODODYDLOVYIDYD ™ * "ODOLOLOYILDOY~LHDIVY L~
YOVYYVOODLOVDLODLD © * "DIDYDVDLOVYOD L-LHADIVY L~

(9)

(L)

163333000eb3y0v0beD "t *0b0o3030e0boR- IOV I -
€ DOOVYOVYDHIOYIDL-LEDUVYI-e33eebbiesoesoboo

(9)

(0T)
(8)
1§ DODLOLOYOLODY~LHEDEAVL—
YOVYYYOODLIVYDLODOLD ™ "DIDYDYDILOVYIIL—LADIAV.L-
(0T)
TesuueaI pue aInjeusdg ﬁ

(0T)

¥Dd Jo spunoix jusnbssdng ﬁ

(8)
(0T)

sSpue ,£ puaiIxXy a
(8)

(L)

(8T)
(Ta)
(6T)
LYV LLOOYLODLODDDDD "
eaaeebbreoordoboo:
(8T)
(a)
(TT)

LYYZLLOOYLODLDD €

(8T)
(6T)
LYYILOOYLDDIDDDD
YLIVYDOLYOIVID 1§
(6)
(AT)
(8)

(%)
*LOYIVODIOLLLIODIODDD €
‘ebHaeaobeoreeebbedsbo ¢

(T)

(%)
"LOYIVDOLIDLLLODLIDD €
‘epaejobeoeeebbedbhd g

(1)

-ebaeyobeoeeebbeobo g
(T)
pue
(¥)
*IOYIYDIDIOLLIOOLODD €

(TT)

., 2bh3333000€b3DEDHED " - - 0HD1030eD1H0R - LEDYVI-IVYLIOOVIODLOD , €
€ YOYYYYOOOIOVOLODLD * * *DIOYOVOIOVIDL-IIDIVL-VIIVYOIIVIOEDD G

(9)
(8)

(0T)

(6T)

(6)
pue

(7)

1S DODIDIOYDILODV-LEDEVIL-IYYLIODOYLODIODDDD ™ ° " LOVILYDDLOLLLIODLDOD €
L€ DDOVOYDIOVIOIL-IADYVI-e13eebbieocoesohoo - ~ebyeiobeoeeebbeoho g

(0T)

(8T)

(T)



WO 02/29081

<110>

<120>
<130>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

SEQUENCE LISTING

Myriad Genetics, Inc.
McBride, Celeste
Oliphant, Arnold R
Vector Facilitated Sequence Addition
2318-227-11

Us 60/237,378
2000-10-04

20

PatentIn version 3.0
1

18

DNA

Artificial
oligonucleotide

1

cgcaggaaac agctatga

<210> 2

<211> 12

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 2

ccgecaccat gg

<210> 3

<211> 16

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 3

aattccatgg tggcgg
<210> 4

<211> 18

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 4

tcatagctgt ttectgeg

<210>

5
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18
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<211> 9

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 5

gtgagagcg

<210> 6

<211> 18

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 6

gtcgtgactg ggaaaaca
<210> 7

<211> 18

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 7

tgttttccca gtcacgac
<210> 8

<211> 13

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 8

cgctctecact gcea

<210> 9

<211> 14

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 9

ccaccatgga atta

<210> 10

<211> 13

<212> DNA

<213> Artificial
<220>

<223> oligonucleotide
<400> 10

tgcagtgaga gcg

PCT/US01/42409
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<210> 11

<211> 14

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide

<400> 11
taattccatg gtgg

<210> 12

<211> 44

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide

<400> 12

acgatagaga ctttagaagc ccggttggac cgegtagacg agtce

<210> 13

<211> 44

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide

<400> 13

gactcgtcta cgcggtccaa ccgggettcet aaagtctcta tegt

<210> 14

<211> 27

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide

<400> 14
ccaccatgga attaacgata gagactt

<210> 15

<211> 26

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide

<400> 15
cgctctcact gcagactegt ctacge

<210> 16

<211> 71

<212> DNA

<213> Artificial

<220>
<223> oligonucleotide

<400> 16

PCT/US01/42409
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44

44

27

26
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4
ccaccatgga attaacgata gagactttag aagccecggtt ggaccgegta gacgagtctg 60
cagtgagagc g 71
<210> 17
<211> 71
<212> DNA
<213> Artificial
<220>
<223> oligonucleotide
<400> 17
cgctctcact gcagactcgt ctacgcggtc caaccgggct tctaaagtct ctatcgttaa 60
ttccatggtg g, 71
<210> 18
<211> 16
<212> DNA
<213> Artificial
<220>
<223> oligonucleotide
<400> 18
ccgecaccat ggaatt 16
<210> 19
<211> 17
<212> DNA
<213> Artificial
<220>
<223> oligonucleotide
<400> 19
taattccatg gtggcegg 17
<210> 20
<211> 9
<212> DNA.,

<213> " Artificial

<220> .
<223> oligonucleotide

<400> 20 L
cgctctcecac bﬁpf 9
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