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Position 8.3 

(0) starting fragments: 

GGGGGGGGAAA 
CCCCCCCCC 

GGGGGGGGAAC 
TTTCCCCCCCCC 

GGGGGGGGCCG 
GCGCCCCCCCCC 

GGGGGGGG 
GGCCCCCCCCCC 

FIG 2 

Fragment 0 

GGGGGGGGAAA 
CCCCCCCCC 

AAAGGGGGGGGAAA 
CCCCCCCCC 

AACGGGGGGGGAAA 
CCCCCCCCC 

GGGGGGGG 
GCCCCCCCCCCTTT 

GGGGGGGG 
GCCCCCCCCCCTTG 

GGGGGGGG 
GCCCCCCCCCCTTC 

FIG. 3 

Kl) starting fragments: 

AAAAAAAAAA 

AAAAAAAAAC 
TTTTTTTTTTT 

AAAAAAACCG 
GCGTTTTTTTI 

AAAAAAA 
GGCTTTTTTTT 

Fragment l 

AAAAAAAAAA 

AAAAAAAAAAAAA 

AACAAAAAAAAAA 

AAAAAAA 
GCTTTTTTTTTTT 

AAAAAAA 
GCTTTTTTTTTTG 

AAAAAAA 
GCTTTTTTTTTTC 

US 2008/0057546 A1 



Patent Application Publication Mar. 6, 2008 Sheet 3 of 6 US 2008/0057546A1 

Position: 1 2 3 4 s Position: 1 2 3 4 5 

Library with Library with 
"0" signals "1" signals 

Position: 1 2. 3 4. 5 

Ot 0.1 0. All RO al? iOn 1 a B 
g 

s 

  

  



Patent Application Publication Mar. 6, 2008 Sheet 4 of 6 US 2008/0057546 A1 

C Position '0' Position "1" 

FG. 4conTD 
Production 

well 

  



Patent Application Publication Mar. 6, 2008 Sheet 5 of 6 US 2008/0057546A1 

1 kb Signal chain -0-1-0-0. 

ladder SP6/T7Cy SP6/T7 

-- 243 bp 
0 bp --> 

F.G. 5 

  



US 2008/0057546 A1 Patent Application Publication Mar. 6, 2008 Sheet 6 of 6 

  

  

  

  

    

  

  

  

  

  

  

  

  



US 2008/0057546 A1 

METHODS OF CLONING AND PRODUCING 
FRAGMENT CHAINS WITH READABLE 

INFORMATION CONTENT 

0001. This application is a continuation of U.S. Ser. No. 
10/019,258, filed Sep. 23, 2002, which was a 371 filing of 
PCT/GB00/02512, filed Jun. 27, 2000, which claimed pri 
ority from NO 1999.1325, filed Jun. 28, 1999, NO 20003190, 
filed Jun. 20, 2000 and NO 20003191, filed Jun. 20, 2000. 
All these prior applications are incorporated herein by 
reference. 

0002 The present invention relates to new methods of 
attaching first and second nucleic acid molecules, particu 
larly methods of cloning in which adapter molecules medi 
ate the binding between the first and second molecules, the 
resultant nucleic acid molecules thus formed and methods of 
generating DNA with a readily readable information content 
and kits for performing Such methods. 
0003 Presently known cloning methods generally 
involve the use of restriction enzymes which are used to 
generate fragments for insertion and cleave vectors to pro 
duced corresponding and hence complementary terminal 
sequences. Generally, the enzymes which are used cut 
palindromic sequences and thus produce identical over 
hangs. Different sequences that are cut with the same 
restriction endonucleases can then be ligated together to 
form new, recombinant nucleic acids. 

0004. However, such methods suffer from a number of 
limitations. One disadvantage in using endonucleases that 
form two identical overhangs is the formation of different 
products on ligation. If for example two fragments A and B 
are to be ligated, as a consequence of common overhangs the 
products A+A and B+B as well as the desired A+B will be 
produced. Other by-products resulting from other fragments 
produced when A and B were formed will also be generated, 
e.g. reassociation into the original positions. It is therefore 
normal to use a separation process using agarose gels. The 
separation procedure however often results in a considerable 
loss of DNA. 

0005 Such methods necessarily suffer from various limi 
tations including the by-products mentioned above, and the 
need to identify the desired end-products, e.g. if only a 
particular insert is to be cloned. 
0006 Other cloning techniques have been used in which 
cloning has been performed using PCR techniques, e.g. in 
which the PCR primers have IIS enzyme recognition sites. 
However, the use of PCR is disadvantageous in cloning 
techniques as it is time consuming and requires purification 
steps which result in significant loss of yield. The PCR 
reaction may also introduce point mutations and the like and 
the length of the fragment is limited to the polymerase 
capacity, e.g. a maximum of approximately 50 kb. 
0007. It has now surprisingly been found that by gener 
ating fragments with unique single Stranded regions and then 
mediating the binding between a first and second nucleic 
acid molecule, many of these disadvantages may be avoided. 
In this method, restriction nucleases are used that form 
non-identical overhangs, e.g. type IP or IIS restriction endo 
nucleases. As will be appreciated, if one uses a restriction 
endonuclease that makes overhangs of 4 base pairs, each 
fragment that is formed will have two overhangs of 4 base 
pairs each. It is theoretically possible therefore that 4 (i.e. 
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65,536) fragments may be formed with different combina 
tions of the two overhangs. Thus, as a rule, each fragment 
formed on cleavage will have a unique pair of overhangs 
even when cleaving large nucleic acid molecules. 
0008. These unique overhangs may then be addressed 
and adjusted appropriately using adapters with two over 
hangs. For example in a cloning technique one of the 
overhangs is made to correspond to the overhang on the 
insert and the other overhang is made to correspond to the 
overhang on the vector into which the insert is to be 
introduced. This method is outlined in FIG. 1. In that case 
the DNA molecule containing the insert is cut with a 
restriction endonuclease which makes an overhang on each 
side of the insert. Each of the many fragments which are 
formed have different overhangs such that the two over 
hangs at either end of the insert are unique. Ligase is then 
added to bind two adapters with corresponding single 
stranded regions. This leads to the formation of two new 
overhangs at the termini of the insert, which are selected 
such that they can be used to bind to the vector into which 
the insert is to be cloned. Providing identical overhangs are 
not created on other molecules only the desired insert will be 
ligated to the adapters. In the final step the insert is ligated 
into the vector which has two overhangs which complement 
the adapters overhangs. The overhangs in the vector may be 
constructed using the same principles as described for the 
insert. 

0009 Thus in this new method, an adapter molecule is 
used which is complementary to a single stranded region 
generated on the first nucleic acid molecule and therefore 
binds to that molecule, but has a different single stranded 
region at its other terminus, thus effectively modifying the 
single stranded region presented for binding by the first 
nucleic acid molecule fragment. The adapters free single 
Stranded region may then mediate the binding of the first 
nucleic acid molecule fragment to a second nucleic acid 
molecule exhibiting a complementary single stranded 
region. 

0010 This method of mediation has particular applica 
tions for effectively identifying and selecting a first nucleic 
acid molecule fragment and then mediating its binding to a 
second nucleic acid molecule where this was not previously 
possible. 

0011. Of particular relevance to methods of cloning is the 
generation of fragments for cloning which have different 
single stranded regions at their termini relative to other 
fragments, which may then be selected and cloned into an 
appropriate vector. As described herein, such fragments are 
generated by the use of enzymes which cleave outside their 
recognition site and thus produce overhangs that depend on 
the sequence Surrounding the recognition site which is likely 
to vary from fragment to fragment. 

0012 Such techniques may be used to direct only a single 
fragment to a particular vector or may be used to direct 
different fragments to different sites or indeed different 
vectors, even within the same reaction mix, providing appro 
priate adapters are constructed. 
0013 These methods have particular advantages over 
prior art methods. In particular, the whole procedure may be 
carried out in one or two steps, e.g. cutting and ligating 
simultaneously or cutting and ligating separately. Even in 
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instances where the procedure is performed in two steps, it 
will often be possible to perform both steps in the same 
buffer, e.g. since T4 DNA ligase is known to work well in 
most buffers for restriction endonucleases. Time- and 
resource-consuming precipitation procedures may therefore 
be avoided. Moreover, ligations can be performed with 
overhangs of 4-6 bases, unlike conventional cloning where 
overhangs of 0-4 bases are used, thereby increasing ligation 
efficiency considerably. 

0014 Furthermore, the need to carry out gel separations 
may be avoided. The quantity of DNA required initially can 
be reduced substantially. Mutation of DNA molecules on 
UV exposure, a common occurrence in gel separation, may 
also be avoided. Furthermore, laboratory staff are not 
exposed to carcinogenic EtBr. Also, separation problems 
which can occur when restriction cleavage results in frag 
ments of similar size may be avoided. The frequency of 
undesirable side-products Such as empty vectors, too many 
inserts or incorrect orientation of the inserts may also be 
avoided. 

0.015 Since it is generally not problematic if the insert is 
cleaved, a small selection, e.g. of type IIS or Ip restriction 
endonucleases could provide far more cloning possibilities 
than a corresponding selection of ordinary type II restriction 
endonuclease used for conventional cloning procedures. 
Having a few type IIS, IP and similar restriction endonu 
cleases that cleave with high frequency allows for many 
cloning possibilities. 

0016. In the specific instance of cloning of large DNA 
molecules (e.g. genomic DNA) or a solution containing 
many different DNA molecules in parallel (e.g. a cDNA 
library) it is very difficult to use conventional methods. If for 
example a large DNA molecule is cleaved with EcoR1, a 
large number of fragments may be formed with the same 
overhang, and in addition a considerable proportion of these 
fragments may be of roughly the same size. This may lead 
to the formation of a large number of undesired ligation 
products, even with gel separation. Moreover, gel separation 
can be difficult if the insert is large. Furthermore, it is also 
often difficult, or even impossible, to find restriction endo 
nucleases that will not cut large inserts. These problems may 
be reduced/eliminated using the cloning procedure 
described herein. 

0017. If necessary, it is possible to increase the number of 
base pairs in the overhangs to (e.g.) 6 by using Ciel or 
similar endonucleases to form an even greater number of 
possible variables and thus increase the probability of pro 
ducing unique overhangs. 

0018. The advantages of the method of the invention are 
even greater in complex cloning procedures. If several 
adapters are used for example, it is possible to clone many 
different inserts into one and the same vector at a corre 
sponding number of different sites in one and the same 
reaction, as described hereinafter in more detail. 

0.019 Deletions of small or large fragments may also be 
achieved using the same basic principle. This opens up the 
possibility of making complex recombinations of inter alia 
genomic DNA (removal of endogen viruses in genomes to 
be used for Xenotransplantation, the insertion of a large 
number of genes from other genomes, new combinations of 
genes etc.). The method can also be used for exon-shuffling 
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and other recombinations that are relevant in connection 
with artificial evolutionary systems. 
0020 Thus, in a first aspect, the present invention pro 
vides a method of attaching a fragment of a first nucleic acid 
molecule to a second nucleic acid molecule, wherein said 
method comprises at least the steps: 
0021 1) cleaving said first nucleic acid molecule with a 
nuclease which has a cleavage site separate from its recog 
nition site to create at least one fragment of said first nucleic 
acid molecule having a single stranded nucleotide region 
(SS1a) at least one terminus of said fragment, 
2) if necessary generating a single stranded nucleotide 
region (SS2) at least one terminus of said second nucleic 
acid molecule, 
0022 3) binding to at least one single stranded region of 
step 1) (SS1a) an adapter molecule comprising at one 
terminus a single stranded region (SSA1) complementary to 
the single stranded region of said first nucleic acid molecule 
fragment (SS1a) and additionally comprising at the other 
terminus a further single Stranded region (SSA2) comple 
mentary to the single stranded region (SS2) at one terminus 
of said second nucleic acid molecule, 
4) ligating said adapter to said first nucleic acid fragment, 
5) binding said adapter to said second nucleic acid molecule, 
and 

6) ligating said adapter to said second nucleic acid molecule. 
0023. As used herein, said first and second nucleic acid 
molecules are any naturally occurring or synthetic poly 
nucleotide molecules, e.g. DNA, such as genomic or cDNA, 
PNA and their analogs, which are double stranded and in 
which single stranded regions may be generated. 

0024 Fragments of the first nucleic acid molecule are 
generated by use of a nuclease which cleaves outside its 
recognition site. One or more fragments may be generated 
depending on the sites which are cleaved (e.g. if the site is 
at the extreme end of the molecule only a few bases may be 
removed rather than the production of 2 fragments). Other 
nucleic acid molecule fragments described herein may be 
generated by any appropriate means, as mentioned herein, 
including the techniques used to produce the first nucleic 
acid molecule fragments. Fragments are preferably more 
than 10 bases, e.g. 10 to 200 bp, preferably more than 100 
bases in length. For cloning applications, fragments having 
lengths in excess of 200 bases, e.g. from 200 bases to 2 kb 
may be used. Where longer single stranded regions are 
generated, fragments of longer lengths are also contem 
plated, e.g. 10-100 kb or longer. 

0025 “Single stranded regions” as referred to herein are 
regions of overhang at the end, i.e. at the terminus of the 
first, second or third nucleic acid molecules or adapter 
molecules. These regions are sufficient to allow specific 
binding of molecules having complementary single stranded 
regions and Subsequent ligation between these molecules. 
Thus, the single stranded regions are at least 1 base in length, 
preferably 3 bases in length, but preferably at least 4 bases, 
e.g. from 4 to 10 bases, e.g. 4, 5 or 6 bases in length. Single 
Stranded regions up to 20 bases in length are contemplated 
which will allow the use of fragments in the method of the 
invention which are up to Mb in length. 
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0026 “Binding as used herein refers to the step of 
association of complementary single Stranded regions (i.e. 
non-covalent binding). Subsequent “ligation of the 
sequences achieves covalent binding. 

0027 “Complementary” as used herein refers to specific 
base recognition via for example base-base complementar 
ity. However, complementarity as referred to herein includes 
pairing of nucleotides in Watson-Crick base-pairing in addi 
tion to pairing of nucleoside analogs, e.g. deoxyinosine 
which are capable of specific hybridization to the base in the 
nucleic acid molecules and other analogs which result in 
such specific hybridization, e.g. PNA, DNA and their ana 
logs. Complementarity of one single stranded region to 
another is considered to be sufficient when, under the 
conditions used, specific binding is achieved. Thus in the 
case of long single Stranded regions some lack of base-base 
specificity, e.g. mis-match, may be tolerated, e.g. if one base 
in a series of 10 bases is not complementary. Such slight 
mismatches which do not affect the ultimate binding and 
ligation of the single stranded regions are considered to be 
complementary for the purposes of this invention. The single 
Stranded regions may retain portions, on binding, which 
remain single stranded, e.g. when overhangs of different 
sizes are employed or the complementary portions do not 
comprise all of the single stranded regions. In Such cases, as 
mentioned above, providing binding can be achieved the 
single stranded regions are considered to be complementary. 
In those cases, prior to ligation, missing bases may be filled 
in e.g. using Klenow fragment, or other appropriate tech 
niques as necessary. 

0028) "Adapters' as referred to herein are molecules 
which adapt the first nucleic acid molecule fragment for 
binding to a second or third nucleic acid molecule. Adapter 
molecules comprise at least two regions. A first portion 
containing a single Stranded region which is complementary 
to the single stranded region on the first nucleic acid 
molecule fragment and a second portion containing a single 
Stranded region which is complementary to the single 
Stranded region on the second nucleic acid molecule. The 
single stranded regions are as described hereinbefore and are 
preferably on different strands making up the adapter mol 
ecule. The above mentioned portions are at least as large as 
the single stranded regions, e.g. 4 to 6 bases in length, 
although they may be longer, e.g. up to 20 bases in length. 

0029. A linking region between these single stranded 
regions is required for the stability of the molecule. Conve 
niently this comprises a double stranded nucleic acid frag 
ment, especially in methods of cloning where amplification, 
replication and/or translation are to be performed. However, 
this portion may be substituted by any appropriate molecule 
depending on the end use of the resulting ligated molecule. 
Clearly, to achieve ligation between the first and second 
nucleic acid molecules appropriate attachment points and 
moieties for ligation must be provided. 

0030 The linking portion may serve more than just a 
linking function and may for example provide sequences 
appropriate for primer or probe binding, e.g. for amplifica 
tion or identification, respectively, or may contain integra 
tion sites for mobile elements such as transposons and the 
like. Depending on how the method is performed, the 
adapters preferably do not contain restriction sites for any 
restriction enzymes used in the method of the invention thus 
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avoiding the need to inactivate or remove the enzymes prior 
to the addition of the adapters. 
0031 Conveniently adapter molecules may be exclu 
sively comprised of a nucleic acid molecule in which the 
various properties of the adapter are provided by the differ 
ent regions of the adapter. 
0032 Conveniently adapters are made up of two comple 
mentary oligonucleotides having between 10 and 100 bases 
each, e.g. between 20 and 50 bases. 
0033. In the method described above, preferably at least 
one first nucleic molecule fragment is generated having a 
single stranded region at either end (SS1a and SS1b) to each 
of which an adapter binds. 
0034 Preferably the method described herein is used for 
cloning. Thus, in the method described above, an adapter is 
bound at either end of the first nucleic acid molecule 
fragment (in which the adapters may be the same of differ 
ent), and the unbound end of the first adapter is bound to the 
second nucleic acid molecule and the unbound end of the 
second adapter binds either to the second nucleic acid 
molecule (i.e. at the other end distal to the binding of the first 
adapter, thereby forming a circular molecule) or binds to a 
third nucleic acid molecule. The first of these two alterna 
tives may arise through cleavage of a circular vector to give 
rise to the second nucleic acid molecule to which the 
adapter 1:first nucleic acid molecule fragment:adapter 
2 insert is bound to re-circularize the vector. Alternatively, 
a linear or circular vector may be cleaved giving rise to two 
or more discrete fragments (herein the second and third 
nucleic acid molecules) which may be joined by the adapter 
1:first nucleic acid molecule:adapter 2. 
0035 Thus, in a preferred feature, a first nucleic acid 
molecule fragment is generated which has a single stranded 
nucleotide region at either terminus (SS1a and SS1b), each 
of which is bound by an adapter, which may be the same or 
different, and the first of said adapters is bound to said 
second nucleic acid molecule and the second of said adapt 
ers binds either to said second nucleic acid molecule or to a 
third nucleic acid molecule. 

0036) Thus, alternatively stated, in a preferred embodi 
ment, the present invention provides a method of cloning a 
fragment of a first nucleic acid molecule into a second 
nucleic acid molecule, wherein said method comprises at 
least the steps: 
0037 1) cleaving said first nucleic acid molecule with a 
nuclease which has a cleavage site separate from its recog 
nition site to create one or more fragments of said first 
nucleic acid molecule, wherein at least one fragment has a 
single stranded nucleotide region at both termini (SS1a and 
SS1b), 
2) cleaving said second nucleic acid molecule to create at 
least two single stranded regions (SS2a and SS2b) at the site 
of said cleavage (e.g. linearizing a circular vector or pro 
ducing fragments in a linear or circular vector), 
3) binding to one of the single stranded regions of step 1) 
(SS1a) 

0038 a first adapter molecule comprising at one ter 
minus a single stranded region (SSA1) complementary 
to the single stranded region of said first nucleic acid 
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molecule fragment (SS1a) and additionally comprising 
at the other terminus a further single stranded region 
(SSA2) complementary to one of the single stranded 
regions (SS2a) produced by cleavage of said second 
nucleic acid molecule, and 

binding to a second single stranded region of step 1) 
(SS1b) 

0039 a second adapter molecule as defined above 
which binds to the second single stranded region of said 
first nucleic acid molecule fragment (SS1b) and to the 
second single stranded region (SS2b) produced by 
cleavage of said second nucleic acid molecule, 

4) ligating said adapters to said first nucleic acid fragment, 

5) binding said, adapters to said second nucleic acid 
molecule or fragments thereof, and 

6) ligating said adapters to said second nucleic acid 
molecule or fragments thereof. 

0040. In instances in which cleavage of the second 
nucleic acid molecule results in the production of two or 
more discrete fragments which become ligated to the first 
nucleic acid molecule fragment via the adapters, said frag 
ments constitute second and third nucleic acid molecules of 
the invention. 

0041) Preferably, to prevent concatermirisation of 
(adapter:first nucleic acid fragment:adapter units, the single 
Stranded region of the second and third nucleic acid mol 
ecules which bind to these adapters are not complementary. 
Thus, for example, where cloning into a vector is performed, 
preferably said vector is linearized and at least of portion of 
said vector is removed from one terminus of that vector, e.g. 
at least two cleavage events occur. 
0042. In such methods, particularly for cloning, the sec 
ond nucleic acid molecule, e.g. into which a first nucleic acid 
molecule fragment is inserted is conveniently a vector (or a 
part thereof, e.g. where the second and third nucleic acid 
molecules together comprise the vector, and result through 
its cleavage). Such vectors include any double stranded 
nucleic acid molecule which may be linear or circular. 
(However, as mentioned above in respect of the adapters, 
providing single stranded regions exist, or are generated at 
the termini of the second nucleic acid or its fragments (e.g. 
the vector), the adjacent regions may be made up of any 
molecule providing ligation at the termini to the adapters is 
not compromised.) 
0.043 Conveniently such vectors may contain sequences 
which aid their use in methods of the invention or their 
Subsequent manipulation. Thus, vectors are conveniently 
selected with only two or a small number of restriction 
cleavage sites for the method of cleavage used. Thus for 
example where restriction enzymes are used, the vector is 
selected to include only a minimal number, preferably only 
two recognition sites to that enzyme. 
0044 Vectors may additionally comprise further portions 
or sequences for cloning, selection, amplification, transcrip 
tion or translation as appropriate. Thus vectors may be used 
with probe or primer sites, promoter regions, other regula 
tory regions, e.g. expression control sequences etc. Conve 
niently well-known cloning vectors are employed, such as 
pBR322 and derived vectors, pUC vectors such as puC19, 
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lambda vectors, BAC, YAC and MAC vectors and other 
appropriate plasmids or viral vectors. 
0045. The molecule of which a fragment is to be inserted, 

i.e. the first nucleic acid molecule, may be any molecule 
which can generate single stranded regions at least one of its 
ends using the nucleases described herein, although the 
central portion may be varied as appropriate. Preferably 
however such molecules are double stranded nucleic acid 
molecules and contain appropriate sites for the use of 
enzymes to create the single stranded overhangs which are 
required in accordance with the invention. Appropriately, the 
first nucleic acid molecule is derived from genomic DNA 
and the method of the invention is used to insert fragments 
thereof into appropriate vectors. 
0046 Adapters which may be used include short double 
Stranded nucleic acid molecules with single stranded regions 
at their termini to longer molecules which may contain 
further sequences for example to allow selection as 
described hereinafter. Appropriate single stranded regions 
are selected on the basis of the terminal sequence of the first, 
second and third nucleic acid molecules or fragments 
thereof. Appropriate selection may also be used to direct the 
orientation of the insert, e.g. to produce clones which may 
be used to produce antisense nucleic acid molecules. 
0047 Adapters may be used in the methods of the 
invention in which their single stranded overhangs have 
already been generated, e.g. by the combination of single 
stranded complementary oligonucleotides which on hybrid 
ization leave overhangs at either ends, or by appropriate 
cleavage or digestion. 
0048 Alternatively, during the method of the invention, 
adapters may be modified to provide single stranded por 
tions, e.g. by the use of restriction enzymes or other appro 
priate techniques during the course of the reaction. Conve 
niently, to simplify the number of steps, the enzymes used to 
generate single Stranded regions in the first, second or third 
nucleic acid molecules (where necessary) may be used to 
generate the adapter single stranded regions. 
0049. As mentioned previously, the single stranded 
region may be 4 or more bases in length. When using longer 
overhangs or where the sequence of the full corresponding 
single Stranded region of the first, second or third nucleic 
acid molecules is not known or unclear, a family of adapters 
with one or more degenerate bases in the single stranded 
region may be used, for example using methods to create 
libraries of adapters. Degenerate bases may also be used at 
positions prone to mis-match ligations. 
0050 For convenience a universal library of adapters 
may be created for use in the method of the invention. Thus 
for example, 16 different adapters with a 4 base-pair over 
hang consisting of two random bases (NN) and two bases 
specific to each adapter (e.g. AA, CC, . . . TT) may be 
created. In this way sufficient adapters may be created which 
are capable of distinguishing between 16 different first 
molecule fragment overhangs, which would suffice for many 
cloning purposes. Similarly a library of second molecule, 
e.g. vector overhangs may be created. 
0051) To increase the number of permutations in an 
adapter library, two separate oligonucleotide libraries may 
be generated, one with single stranded oligonucleotides with 
regions that will correspond to the single stranded region of 
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the first nucleic acid molecule fragment and the second 
library with single stranded oligonucleotides with regions 
that will correspond to the single stranded region of the 
second nucleic acid molecule (e.g. vector). However in 
common in each member of the library is a complementary 
region, such that when one member from the first library is 
selected and combined with a member of the second library, 
they will hybridize leaving free the relevant single stranded 
regions. Thus for example to generate an adapter with an AA 
overhang and a TC overhang to bind to the first and second 
nucleic acid molecules respectively, members of the differ 
ent libraries such as GGGCCCCCNNAASEQ ID NO:1 
may be combined with 3'-TCNNNCCGGGG-5'SEQ ID 
NO:2 to form: 

GGCCCCCNNAA, SEQ ID NO: 1 

TCNNNCCGGGG SEQ ID NO: 2 

which exhibits the appropriate overhangs. When using only 
two 16 member libraries this allows the production of 256 
different adapters. 
0.052 In generating appropriate adapters conveniently the 
amount of mis-match which needs to be tolerated when 
binding to overhangs on first, second and/or third nucleic 
acid molecules should be reduced. This may conveniently be 
achieved by selecting oligonucleotides on the basis of the 
probability of a mismatch ligation being generated. A com 
puter program for achieving this is described in more detail 
in Example 6. This method allows sets of oligonucleotides 
to be identified which can be used to construct chains with 
more than 100 fragments in a single ligation cycle but with 
very low levels of mis-match. Thus in a further feature the 
present invention provides computer Software adapted to 
identify adapter molecules for use in the method of the 
invention. 

0053 As mentioned above, the production of fragments 
of said first nucleic acid molecule is achieved using a 
nuclease which has a cleavage site separate from its recog 
nition site. In so doing, unique overhangs are created which 
reflect the sequence of that molecule. In a preferred feature, 
said nuclease is a class IP or IIS restriction enzyme or 
functional derivatives thereof. Such enzymes include 
enzymes produced synthetically through the fusion of appro 
priate domains to arrive at enzymes which cleave at a site 
distal to their recognition site. 

0054 These enzymes exhibit no specificity to the 
sequence that is cut and they can therefore generate over 
hangs with all types of base compositions. Cleavage with IIS 
enzymes result in overhangs of various lengths, e.g. from -5 
to +6 bases in length. Preferably for performing the method 
of the invention, enzymes are chosen which generate 3-6, 
e.g. 4 base pair overhangs. Preferred enzymes for use in the 
invention include enzymes which produce 4 base overhangs 
at the 3' end: BstXI; 5 base overhangs at the 3' end: AloI, 
Bael, Bpil, Bsp24I; 6 base overhangs at the 3' end: Ciel, 
CePI, Hae|V: 4 base overhangs at the 5' end: AcelII, 
Acc36I, Alw261, AlwXI, Bbr7I, Bbsl, Bbvl, BbvI I, Bvb16 
I I, Bli736I, Bpil, BpuAI, Bsal, Bsc.91 I, BseKI, BseXI, 
BsmAI, BSmBI, BsmFI, Bso31I, Bsp4231, BspBS31I, 
BspIS4I, BspLU11 III, BspMI, BspSTSI, BspTS514I, 
Bst12I, Bst71 I, BstBS32I, BstGZS3I, BstTSSI, BstOZ616I, 
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BstPZ418I, Eco31I, EcoA41, EcoO44-I, Esp3I, Fokl, Phal, 
SfaNI, Sth 1321, Stsl; and 5 base overhangs at the 5' end: 
Hgal. 

0055. Over 100 classes of IIS restriction endonucleases 
have been identified and there are large variations both with 
respect to Substrate specificity and cleaving pattern. In 
addition, these enzymes have proved to be well suited to 
"module Swapping experiments so that one can create new 
enzymes for particular requirements (Huang-B, et al., J-Pro 
tein-Chem. 1996, 15(5):481-9, Bickle, T. A.; 1993 in 
Nucleases (2nd edn), Kim-Y Get al., PNAS 1994, 91:883 
887). In these experiments the binding domain of transcrip 
tion factor Sp1 was merged with the cleavage domain of 
FokI to construct a class IIS restriction endonuclease that 
makes a 4-base overhang with Sp1 sites. In other experi 
ments a class IIS restriction endonuclease that cuts outside 
the binding sites of transcription factor. Ultrabithorax was 
generated. Corresponding experiments have been conducted 
on class I enzymes. By merging the N-terminal part of the 
hsdS sub-unit of StyR 1241 (which recognizes 
GAANRTCGSEQID NO:82) with the C-terminal part of 
the hsdS sub-unit of StyR 1241 (which recognizes 
TCAN.RTTC SEQ ID NO:83) a new enzyme that recog 
nizes the sequence GAANRTTC SEQ ID NO:84) was 
constructed. Several other experiments have been carried 
out with similar success. Unlike in the case of ordinary class 
II enzymes, it is therefore reasonable to assume that a 
number of new IIS and IP restriction enzymes can be 
constructed and adapted to cloning requirements that may 
arise in the future. Very many combinations and variants of 
these enzymes can therefore be used according to the 
principles described herein. 
0056 Generation of the single stranded regions on said 

first nucleic acid fragment may be achieved directly by 
cleavage of said first nucleic acid molecule with nucleases 
described herein without the development of intermediate 
molecules. This forms a preferred feature of the invention. 
Alternatively, indirect and more elaborate techniques may 
be used. For example, the first nucleic acid molecule or a 
fragment thereof may be “trimmed using the nucleases 
described herein, in which linker molecules which carry the 
nuclease recognition site are bound to the first nucleic acid 
molecule or fragment thereof, and cleavage outside the 
recognition site results in cleavage within the first nucleic 
acid molecule or fragment thereof. This method is particu 
larly useful since it takes advantage of the fact that T4 DNA 
ligase (and also other ligases) works well in most buffers 
used for restriction cutting. Ligation and cleavage can there 
fore be performed simultaneously in the same solution. 
Furthermore, this methods allows the generation of a unique 
overhang when the overhang generated by the first cleavage 
step is not unique. 
0057 The trimming procedure may be initiated using an 
“initiation linker that is addressed to an overhang on the 
first nucleic acid molecule or fragment thereof, e.g. after 
cleavage with one or more restriction endonucleases as 
described herein. As used herein, a “linker” refers to a 
molecule which is similar to an “adapter as described 
herein, except that the linker need only contain one single 
stranded region to allow binding to the molecule to be 
trimmed. Furthermore, the initiation linker contains one or 
more cleavage sites for nucleases that cleave outside their 
own recognition sequence, as described herein, for example 
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BplI. The first nucleic acid molecule or fragment thereof 
should preferentially not contain cleavage sites for the IIS 
enzymes(s) used for the trimming procedure. Such cleavage 
sites may alternatively be inactivated prior to the trimming 
procedure (e.g. by methylation). 

0.058 Propagation linkers (if used) and a termination 
linker (wherein the latter may be an adapter as described 
herein), T4 DNA ligase and the IIS enzyme(s) used for the 
trimming may be added together with the initiation linker. 
Once the initiation linker has been ligated into position, 
cleavage may be effected resulting in the generation of an 
overhang within the first nucleic acid molecule or fragment 
thereof. If desired (i.e. if further trimming is required), a 
propagation linker containing degenerate overhangs may be 
used to ligate with the overhang which has been generated. 
Since the linker will also carry an appropriate nuclease 
recognition site, cleavage will again produce a further cleav 
age site further upstream into the first nucleic acid molecule 
or fragment thereof. This process will continue until an 
overhang is generated that is complementary to one of the 
overhangs in the termination linker (or adapter as described 
herein). This final linker will not itself have the nuclease 
recognition site and will therefore terminate trimming. As 
mentioned previously, this terminator linker may have an 
appropriate single Stranded region for binding to the adapter 
used in the next step, or may itself be the adapter. An 
appropriate technique for performing the trimming method 
may be found in Examples 4 and 9. 

0059. The trimming method is preferably not performed 
with IIS enzymes belonging to the Bcgl class (e.g. Bpll, el 
etc.) as the proteins are combined methylases and endonu 
cleases and the methylase function may inactivate the bind 
ing sites on propagation linkers. Enzymes including Fokl. 
Hgal etc. are therefore preferred enzymes for performing 
this method. If BcgI class enzymes are to be used, the 
cofactor AdoMet should be replaced with AdoHcy, Sine 
fungine or other cofactors that can not function as methyl 
donors. 

0060 Thus in a preferred feature the invention provides 
a method of removing the end terminus of a double stranded 
nucleic acid molecule with at least one single stranded 
region, comprising at least the steps of (i) binding (i.e. 
ligated) a double stranded linker molecule containing a 
recognition site for a nuclease which cleaves outside its 
recognition site and a single Stranded region complementary 
to the single stranded region on said double Stranded nucleic 
acid molecule to said molecule and cleaving using said 
nuclease, thereby resulting in removal of one or more bases 
(e.g. 3-10, which may be in single or double stranded form, 
or a combination thereof) from the terminus of said nucleic 
acid molecule, (ii) optionally binding one or more propaga 
tion linkers which contain a recognition for a nuclease as 
described above and a degenerate single stranded region 
which binds to the overhang generated by the first or 
Subsequent cleavage steps and cleaving using said nuclease, 
and (iii) adding a termination linker which binds to the 
single stranded region generated in steps i or ii. 

0061. A similar technique may be used to remove 
unwanted sequences, e.g. contributed by the adapter after 
ligation of the first nucleic acid molecule fragment and 
second (or third) nucleic acid molecules. Various techniques 
may be used to remove the unwanted sequences, e.g. if the 
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sequence (e.g. a region from the adapter) contains a plant 
transposon sequence, this may be removed by adding nec 
essary transposase enzymes to excise that sequence. Alter 
natively, the unwanted sequence may be removed by taking 
advantage of nuclease that cleave outside their recognition 
site. Thus, for example, adapters may be used which contain 
recognition sites for Such enzymes which on cleavage (by 
appropriate selection of cleavage site sequences), result in 
overhangs generated at two distinct cleavage sites which are 
complementary and thus allow concomitant excision of the 
intervening sequence. Examples of techniques for removing 
intervening sequences are shown in Example 5. It will be 
appreciated that depending on the nuclease employed, it 
may be necessary to inactivate sites for that enzyme at 
locations other than adjacent to or within the intervening 
Sequence. 

0062) Thus, in a further preferred feature, adapters as 
used herein, additionally comprise one or more nuclease 
recognition and cleavage sites whereby arrangement of said 
sequences allows, on cleavage, generation of complemen 
tary single stranded regions wherein each one of said pair of 
single stranded regions is generated by cleavage at a distinct 
site. 

0063. Depending on how the different steps in the method 
of the invention are performed, as described hereinafter, 
where necessary the second nucleic acid molecule, and/or 
the adapters may also be cleaved or digested to provide 
appropriate single stranded regions. In a preferred feature, 
the second nucleic acid molecule and/or the adapters are 
cleaved using the nucleases described above for generating 
the first nucleic acid molecule fragments. However, instead 
of cleavage with Such nucleases, to generate appropriate 
single stranded regions and/or fragments from the second or 
third nucleic acid molecules or adapters, alternative tech 
niques may be used. Thus for example other restriction 
enzymes, non-specific nucleases or appropriate exonu 
cleases or mechanical methods such as Sonication or Vor 
texing may be used. Where enzymes are employed, Small 
Volumes are preferably used during the reactions to increase 
efficiency. 

0064 Ligation between the adapters and first, second and 
third nucleic acid molecules is achieved by any appropriate 
technique known in the art (see for example, Sambrook et 
al., in “Molecular Cloning: A Laboratory Manual, 2nd Ed., 
Editor Chris Nolan, Cold Spring Harbor Laboratory Press: 
1989). For example, ligation may be achieved chemically or 
by use of appropriate naturally occurring ligases or variants 
thereof. Appropriate ligases which may be used include T4 
DNA ligase, and thermostable ligases, such as Pfu, Tag, and 
TTH DNA ligase. Ligation may be prevented or allowed by 
controlling the phosphorylation State of the terminal bases 
e.g. by appropriate use of kinases or phosphatases. Appro 
priately large Volumes may also be used to avoid intermo 
lecular ligations. Thus, high adapter to vector/insert ratios 
may be used to avoid the vector or insert religating into its 
Source material. 

0065 Other techniques may be used to avoid or remove 
vectors which become religated or which do not cleave. For 
example the insert may be cloned into a selection marker 
that destroys the host bacteria unless it has been inactivated 
by the insert. Alternatively restriction cleaving using restric 
tion enzymes specific for the fragment removed from the 
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vector may be performed after the ligation step. Religated 
and uncleaved vectors would be cleaved in this step. Thus, 
the ideal cloning site is therefore one which contains many 
unique restriction sites that are removed upon insert ligation. 
Alternatively well-known techniques may be used for iden 
tifying the desired product, e.g. gel separation. 
0.066 If the steps of cleavage and ligation are performed 
together, advantageously the insert and the vector into which 
it is inserted do not contain binding sites for the nuclease 
used. Similarly, it is advantageous if the fragment removed 
from the vector during the process of cloning contains 
binding sites for the nuclease. In that case, if that fragment 
religates with the vector it would be cleaved and thereby 
removed again. 
0067. Once the first and second nucleic acid molecules 
(and optionally third nucleic acid molecules) or fragments 
thereof have been covalently attached, where necessary 
selection of appropriate products from any side-products 
may be performed. Selection may be performed by any 
techniques known in the art. Conveniently however, labelled 
probes may be used to identify sequences present only in the 
correct product, e.g. by probing for one or more sequences 
formed only through the union of the correct sequences, e.g. 
a probe directed to the junction between the adapter and the 
first, second or third nucleic acid sequences. Alternatively, 
the correct ligation may be detected by functional properties 
bestowed on the product through ligation, e.g. through the 
completion of sequences which allow expression of a par 
ticular product once the vector has been cloned into an 
appropriate host. Alternatively, selection may be performed 
by sequencing of the products which have been obtained, 
e.g. after amplification and/or transformation. 
0068 Appropriate labels include any moieties which 
directly or indirectly allow detection and/or determination 
through the generation of a signal. Although many appro 
priate examples exist, examples include for example radio 
labels, chemical labels (e.g. EtBr TOTO, YOYO and other 
dyes), chromophores or fluorophores (e.g. dyes such as 
fluorescein and rhodamine), or reagents of high electron 
density Such as ferritin, haemocyanin or colloidal gold. 
Alternatively, the label may be an enzyme, for example 
peroxidase or alkaline phosphatase, wherein the presence of 
the enzyme is visualized by its interaction with a suitable 
entity, for example a Substrate. 
0069. As mentioned previously, one of the significant 
advantages which this method offers over known methods is 
the simplification of the techniques which are required. The 
steps described herein may be performed sequentially in 
separate tubes (e.g. when different enzymes are used and 
cross-reaction is undesirable) or in a limited number of 
steps. However, ideally, the reaction is performed in a single 
step. This can be achieved by appropriate selection of 
enzymes, adapters and second/third nucleic acid molecules, 
e.g. Vectors. 

0070 Thus for example the first nucleic acid molecule 
may be fragmented using a particular nuclease which is also 
used to fragment the second nucleic acid molecule. Since the 
enzyme used will cleave outside its recognition site, it would 
be expected that the resulting single stranded regions found 
on both the first and second nucleic acid molecule fragments 
will be unrelated. However, by appropriate choice of the 
mediating adapters (which may also be added providing they 
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do not have restriction sites for that enzyme, or that cleavage 
at those sites reveals appropriate single stranded regions), 
these unrelated sequences may be linked via the interme 
diacy of the adapters. Thus the entire reaction may be 
performed in a single step. 

0071. It will also be appreciated that the adapters may be 
used to address the first nucleic acid fragments to different 
second nucleic acid fragments or cleavage sites. This would 
therefore allow different first nucleic acid molecule frag 
ments to be directed and ligated to a particular vector or site 
within a vector. Thus multiple vectors (and corresponding 
appropriate adapters) may be used simultaneously and take 
up a single first nucleic acid molecule fragment. 
0072 Alternatively, multiple fragments or copies of the 
same fragment could be inserted at different sites within the 
same vector (in the latter case by the use of adapters with one 
common end but with the other end exhibiting variability to 
allow it to bind to different sites within the vector). In a 
further alternative, the first nucleic acid molecule fragments 
could be captured in the reverse orientation (again by 
appropriate adapter choice) and inserted into a vector, e.g. to 
produce antisense strands. 
0073. Thus in a preferred embodiment the method 
described herein is performed in a single step. The ligation 
steps (i.e. adapter to first nucleic acid molecule fragment and 
final ligation) may however be conducted separately once 
association of the relevant molecules has been achieved. In 
a further preferred embodiment, the invention provides a 
method of simultaneously attaching two or more fragments 
of the first nucleic acid molecule to different second nucleic 
acid molecules (or different termini thereof). In cloning, this 
equates to the introducing of the two or more fragments into 
different sites in said second nucleic acid molecules or into 
different second nucleic acid molecules, e.g. into different 
sites within a vector or into different vectors. 

0074 Thus the present invention provides methods of the 
invention in which two or more fragments of the first nucleic 
acid molecule are attached to different second and optionally 
third nucleic acid molecules, or different termini thereof. In 
a preferred feature, methods are provided wherein one or 
more fragments of said first nucleic acid molecule are 
attached via adapters to single stranded regions in said 
second nucleic acid molecule resulting from different cleav 
age events. As a further preferred feature, methods are 
provided wherein one or more fragments of said first nucleic 
acid molecule are attached via adapters to single stranded 
regions in two or more second nucleic acid molecules. 
0075. It will be appreciated that even more complex 
reactions may be envisaged in which multiple first nucleic 
acid molecules (e.g. 2 or more, e.g. 2-10) are simultaneously 
cleaved in the same reaction and their fragments bound to 
appropriate adapters which direct them to bind to different 
second nucleic acid molecules, e.g. different vectors or sites 
in vectors. 

0.076 Whilst the above described methods describe an 
especially simplified method, the above described effects 
may also be achieved by performing the method in discrete 
steps. This is particularly appropriate where different 
enzymes are used which would produce undesirable prod 
ucts in other molecules. Thus for example, different 
nuclease, Such as restriction enzymes may be used to cleave 
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the first and second nucleic acid molecules. In such cases, 
the molecules are cleaved separately, whereafter the 
enzymes are removed or inactivated before the fragments 
are mixed together with the adapters. Similarly, even if the 
same enzyme is used, if the adapters contain enzyme sen 
sitive sites, the adapters could be appropriately modified to 
avoid reaction, e.g. by methylation, or the enzymes used to 
fragment the first and/or second nucleic acid molecules 
would be inactivated or removed (as mentioned above) prior 
to the addition of the adapters. 
0.077 Conveniently, inactivation of enzymes may be 
achieved by incubation at least 65° C. e.g. for 20 minutes. 
Alternatively, appropriate techniques employing removal of 
the enzymes from the reaction, use of chelators, inhibitors 
etc. may be used to achieve inactivation. 
0078. Once appropriate clones have been generated and 
selected these may be treated according to standard methods 
of amplification, transformation, replication, expression, 
sequencing, depending on the proposed application of the 
clones. Other aspects of the invention thus include the 
nucleic acid molecule product of the method (i.e. the nucleic 
acid molecule that is the first nucleic acid molecule frag 
ment:adapter:second nucleic acid molecule product), 
Such as cloning and expression vectors comprising that 
nucleic acid molecule product as well as transformed or 
transfected prokaryotic or eukaryotic host cells, or trans 
genic organisms containing a nucleic acid molecule pro 
duced according to the method of the invention. 
0079 Appropriate expression vectors include appropriate 
control sequences such as for example translational (e.g. 
start and stop condon, ribosomal binding sites) and tran 
Scriptional control elements (e.g. promoter-operator regions, 
termination stop sequences) linked in matching reading 
frame with the nucleic acid molecules of the invention. 
Appropriate expression systems are well known and docu 
mented in the art as well as methods for their introduction 
and expression in prokaryotic or eukaryotic cells or germ 
line or Somatic cells to form transgenic animals. Appropriate 
expression vectors for transformation include bacterioph 
ages and viruses, such as baculovirus, adenovirus and vac 
cinia viruses. 

0080 Kits for performing the methods described herein 
form a preferred aspect of the invention. Thus viewed from 
a further aspect the present invention provides a kit for 
attaching a first nucleic acid molecule fragment to a second 
nucleic acid molecule or a fragment thereof comprising at 
least (i) one or more adapters as described hereinbefore or 
means for producing Such adapters, (ii) the second nucleic 
acid molecule and (iii) a nuclease which cleaves outside its 
recognition site, wherein the terminus of one of said adapters 
has a single stranded region complementary to a single 
Stranded region generated on said second nucleic acid mol 
ecule after cleavage with said nuclease. 
0081 Preferably said kit comprises a library of oligo 
nucleotides, e.g. as described herein, particularly as 
described in Example 3, from which appropriate adapters 
may be generated. The library of oligonucleotides as 
described herein forms a further preferred feature of the 
invention. Thus for example said library may comprise a 
plurality of oligonucleotides comprising) a plurality of oli 
gonucleotides of the formula XNNNNN wherein X is one or 
more bases (wherein said bases are as described hereinbe 
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fore) and is invariant in all of said oligonucleotides and each 
N is a base at the 5' end which is varied in the different 
oligonucleotides, i.e. to produce 1024 variants, 2) a plurality 
of oligonucleotides of the formula X'NNNN wherein X is 
complementary to X and is invariant in all of said oligo 
nucleotides and each N is a base at the 5' end as described 
hereinbefore, 3) a plurality of oligonucleotides of the for 
mula YNNNNN wherein Y, which is not the same as X, is 
one or more bases (wherein said bases are as described 
hereinbefore) and is invariant in all of said oligonucleotides 
and each N is a base at the 3' end as described hereinbefore, 
and 4) a plurality of oligonucleotides of the formula 
YNNNNNN wherein Y is complementary to Y and is 
invariant in all of said oligonucleotides and each N is a base 
at the 3' as described hereinbefore. 

0082 Optionally the kit may contain other appropriate 
components selected from the list including ligases, 
enzymes necessary for inactivation and activation of restric 
tion or ligation sites, primers for amplification and/or appro 
priate enzymes, buffers and solutions, and a data carrier 
containing a computer program to assist in the selection of 
oligonucleotides from the above mentioned library. The use 
of such kits for performing the method of the invention form 
further aspects of the invention. 

0083. The above described method may be adapted to 
combine multiple first, second, third etc. nucleic acid mol 
ecules as described below. In this method multiple fragments 
are combined by appropriate selection of the single stranded 
regions which appear at their ends. This has application in 
the production of specific sequences for biological purposes, 
but has particular utility in the production of nucleic acid 
molecule chains in which the units making up the chains 
each denotes a unit of information, i.e. the chains may be 
used to store information, as will be described in more detail 
below. As used herein “chain” refers to a serial arrangement 
of fragments as described herein. Such chains are prefer 
ably linear and include branched and unbranched fragment 
sequences. Thus, for example, branched DNA fragments 
may be used to provide chains with a branched arrangement 
of fragments. 

0084. To produce nucleic acid molecule chains with 
different unit fragments, i.e. fragment chains the following 
method may be used. Firstly it is necessary to generate 
fragments which have overhangs at either end, to allow them 
to bind to one another. (The ultimate 3' and 5' fragments may 
however have an overhang at only the end which will 
become attached to internal fragments.) As will be described 
in more details below, for certain applications appropriate 
oligonucleotides may be derived from libraries in which the 
members exhibit variability in at least some of their bases. 
If libraries are to be produced in which the members are 
double stranded, it will be appreciated that the number of 
members in such a library could be rather high. This can 
however effectively be reduced by using a smaller number 
of smaller building blocks. 
0085 One strategy is to make two single-stranded oligo 
nucleotides using conventional techniques. In the example 
described above (6 base double stranded linker and 3 base 
overhangs at either end), oligonucleotides having a region of 
6 bases which complement each other and so allow hybrid 
ization may be used. Since not all of the molecules are 
involved in the hybridization, single stranded regions extend 
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beyond the hybridizing region thus creating single stranded 
regions. Conveniently the number of required library mem 
bers may be reduced even further if repeat sequences appear 
with frequency in the fragment chain. This will be described 
in more detail below. 

0.086 Once the appropriate double stranded chain units 
(i.e. fragments) have been created they may be ligated 
together in the same solution, providing the different over 
hangs present on the sequences are unique. 

0087 Thus in a further aspect, the present invention 
provides a method of synthesizing a double Stranded nucleic 
acid molecule comprising at least the steps of 
0088 1) generating n double stranded nucleic acid frag 
ments, wherein at least n-2 fragments have single stranded 
regions at both termini and 2 fragments have single stranded 
regions at least one terminus, wherein (n-1) single stranded 
regions are complementary to (n-i) other single stranded 
regions, thereby producing (n-1) complementary pairs, 

2) contacting said in double stranded nucleic acid fragments, 
simultaneously or consecutively, to effect binding of said 
complementary pairs of single stranded regions, and 
3) optionally ligating said complementary pairs simulta 
neously or consecutively to produce a nucleic acid molecule 
consisting of n fragments. 

0089. The terms “nucleic acid molecule”, “single 
stranded regions”, “complementary”, “binding” and “ligat 
ing are as described hereinbefore. 
0090. In step 1) reference is made to (n-1) single 
Stranded regions complementary to (n-i) “other single 
Stranded regions. This describes two families of single 
Stranded regions, which together comprise 20n-1) members, 
forming n-1 pairs. Thus “other refers to single stranded 
regions in the second family which are not present in the first 
family. 

0.091 “Contacting as used herein refers to bring together 
the double stranded fragments under conditions which are 
conducive to association of the complementary single 
Stranded regions. Depending on the method used, this may 
ultimately allow ligation of the fragments carrying those 
regions. It should however be noted that the fragments may 
be linked by methods other than ligation. For example PCR 
may be used with appropriate primers, e.g. pairs of primers. 

0092. Simultaneous or consecutive contacting and/or 
ligation refers to the possibility of adding the fragments 
individually or in groups to a growing chain or simulta 
neously adding all in fragments together, wherein ligation 
may be performed after each addition or once all in fragments 
have been combined. Preferably ligation is effected once all 
fragments have been combined. 
0093 “Fragments' as used herein are as defined herein 
before, but preferably are shorter in length. Thus fragments 
are preferably greater than 6 bases in length (wherein said 
length refers to the length of each single stranded oligo 
nucleotide making up the fragment which may differ slightly 
in length from one another), e.g. between 6 and 50 bases, 
e.g. from 8 to 25 bases. 
0094. As referred to herein, “n is an integer of at least 4, 
for example at least 10 or 100, e.g. between 25 and 200. 
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0095 Preferably, as mentioned above, the fragments are 
generated by the use of single stranded oligonucleotides to 
generate appropriate double stranded molecules. 
0096. Of particular interest in such methods is the pro 
duction of fragment chains that may be used to store 
information in the form of code which may readily be 
accessed. 

0097. There is currently a great need for storing infor 
mation for different purposes (e.g. computer software, 
music, films, databases etc.). It has therefore been impera 
tive to find efficient storage media, resulting in the devel 
opment of CD ROMs, DVD technology etc. Nucleic acid 
molecules offer far more efficient methods for storing infor 
mation and have several advantages over storage methods 
currently in use. For example, the storage capacity of nucleic 
acid molecules is vast. In principle, a test-tube containing 
DNA molecules may contain as much information as several 
million CD ROMs or more. Nucleic acid may be copied 
quickly and efficiently using natural systems which are 
greatly enhanced by techniques which have been developed 
such as PCR, LCR etc. When stored appropriately, nucleic 
acid molecules may be preserved for extremely lengthy 
periods. Naturally existing tools for manipulation of nucleic 
molecules are already available for processing of the mol 
ecules, e.g. polymerases, restriction enzymes, transcription 
factors, ribosomes etc. The nucleic acid molecules may also 
have catalytic properties. 

0098. Furthermore, nucleic acid molecules may be used 
as secure systems since they may be made such that they are 
not readily copied, unlike copying of current storage sys 
tems, e.g. CDS etc., which is increasingly prevalent. 
0099 Previously however, it was not possible to take 
advantage of the enormous potential offered by nucleic acid 
molecules due to the absence of any effective methods for 
writing DNA messages or reading DNA messages. The 
above described method provides methods which overcome 
this problem allowing the rapid synthesis of large DNA 
molecules and methods of rapidly and efficiently scanning 
those molecules to retrieve the information. 

0100. The key to effective retrieve of information 
encoded by the nucleic acid molecules produced according 
to the method described herein, is the expansion of the 
information providing unit in the molecule. In nature and in 
methods used previously, each base in the sequence has an 
individual informational content. Indeed methods have been 
described in which a single base may signify more than a 
single informational unit, e.g. in binary code, the bases 
A="00, C=“O1, G=“10 and T=“11”. Whilst this has 
advantages insofar as significant amounts of information can 
be contained in a single molecule, the system has serious 
drawbacks as it requires writing and reading methods in 
which individual bases may be attached and discriminated. 
0101. In a preferred method of the invention therefore, 
information units are provided which are not single bases, 
but are instead short sequences. The techniques described 
above allow the rapid production of such chains and the 
information may be readily accessed. 
0102) Thus units representing coded information may be 
generated and read. Each information unit may therefore 
represent an element of code, in which the code may for 
example be alphanumeric code or a simpler representation 
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Such as binary code. In each case it is necessary for 
individual elements of the code, e.g. “a”, “b”, “c”, “1”, “0” 
etc. to be represented by an individualized and specific 
Sequence. 

0103 As used herein “information units” refer to discrete 
short sequences which represent a single piece of informa 
tion, e.g. one or more (i.e. combinations thereof) elements of 
a code. 

0104 “Elements' of code, as mentioned above, refer to 
the different members making up a code such as binary or 
alphanumeric code. 
0105 Thus, in a preferred embodiment of the method of 
the invention, the fragments which are linked together 
comprise regions representing a unit of information corre 
sponding to one or more code elements. Preferably the code 
is alphanumeric. Especially preferably the code is binary. 
Thus for example, considering a binary system of informa 
tion capture, if one wishes to produce chains consisting of 
“0”, “1” fragments, appropriate sequence combinations may 
be attributed to “O'” or “1”. 

0106 Conveniently each of said one or more code ele 
ments (together) has the formula 

(X), 
wherein 

X is a nucleotide A, T, G, C or a derivative thereof which 
allows complementary binding and may be the same or 
different at each position, and 
0107 a is an integer greater than 2, e.g. greater than 4, for 
example from 2 to 20, preferably from 4 to 10, e.g. 6 to 8, 

wherein (X), is different for each one or more code elements. 
0108 Especially preferably, in the case of binary code, 
the code elements “1” and “0” may have the formulae: 

wherein 

0109) (X), and (Y) are not identical, 
0110 X and Y are each a nucleotide A, T, G, C or a 
derivative thereof which allows complementary binding and 
may be the same or different at each position, and a and b 
are integers greater than 2, e.g. greater than 4, for example 
from 2 to 20, preferably from 4 to 10, e.g. 6 to 8. 
0111. As referred to herein, a “derivative” which is 
capable of complementary binding refers to a nucleotide 
analog or variant which is capable of binding to a nucleotide 
present in a complementary strand, and includes in particu 
lar naturally occurring or synthetic variants of nucleotides, 
e.g. uracil or methylated, amidated nucleotides etc. 
0112 In its simplest and preferred form, X and Y are the 
35 same at each position, e.g. “0”=GGGGGGGG and “1”= 
AAAAAAAA. However, repeat sequences such as ACA 
or GT). A may be used. The code sequence may also have 
a functional property, e.g. it may be an integration element 
Such as AttP1 or AttP2. 

0113. It will however be appreciated that the sequences 
described above may also denote more than a single code 
element. Thus for example the information unit may denote 
2 or more code elements, e.g. from 2 to 32 element, 
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preferably from 2 to 4 code elements. If for example binary 
code is considered, each information unit may refer to “01 
or “OO or “11” or “10. 

0114. In the method, described herein, chains comprising 
Such features may be prepared as follows. To produce a 
chain with for example 8 0/1 fragments, eight “0” starting 
fragments with different overhangs and 8 “1” starting frag 
ments with different overhangs are generated as illustrated in 
FIG. 2. In this case “0” fragments consist of the sequence 
GGGGGGGG, although this could be replaced by other 
sequences. In addition the fragments are synthesized Such 
that they have unique overhangs such that they may only be 
ligated at one position. Thus, the fragments for position 1 in 
the chain are produced such that they have an overhang 
which is complemented by one of the overhangs in the 
fragments for position 2. Thus, the position 2 fragments are 
synthesized such that they can bind to position 1 fragments. 
Similarly position 3 fragments may only bind to position 2 
fragments at one of their termini and position 4 fragments at 
the other terminus and so forth. These fragments are stored 
separately. In order to build up a chain, selection is made 
from one of the two alternative for each position such that 
an appropriate binary chain is produced. 

0115 Thus, in the scheme outlined above, to produce a 
fragment chain which represents a chain 01001011, “O'” 
fragments from positions 1, 3, 4 and 6 are mixed with 1 
fragments from positions 2, 5, 7 and 8. If the fragments are 
then ligated together by adding ligase or using other ligation 
methods mentioned previously, the above described chain 
will be produced. As will be appreciated, this chain could 
also be achieved using for example only 4 fragments if the 
information unit carried on each fragment denoted 2 code 
elements. 

0116. It is furthermore possible to combine intermediate 
fragment chains (e.g. containing at least 4 fragments) with 
other fragment chains, which providing appropriate over 
hangs exist at their termini may be ligated together to form 
composite fragment chains. Thus, several cycles could be 
conducted in parallel and the products combined. In the 
method shown in FIG. 2, the end fragments have blunt ends, 
but clearly, appropriate fragments could be used that simi 
larly have overhangs at the termini. 
0117. An appropriate technique for producing 8 fragment 
chains, each containing 8 fragments which can then be 
ligated together is illustrated in FIG. 3. For fragment chain 
1, end fragments are used such that it is possible for the 
completed fragment chain to ligate to fragment chain 2 and 
so on. These may then be combined to produce a 64 
fragment chain. Similarly, 8 Such fragment chains may be 
combined to produce fragment chains comprising 512 frag 
mentS. 

0118. As will be appreciated, as with the production of 
shorter chains, the step of ligation, when performed, is 
conveniently effected once all the fragment chains have been 
combined. However, the step of ligation may be performed 
sequentially if desired on addition of each Subsequent frag 
ment chain. 

0119) To combine 8 binary fragments per cycle, 16 dif 
ferent starting fragments are required, representing the dif 
ferent “0”, “1” alternatives at each position. To make a chain 
of 64 fragments using two cycles, i.e. to produce 8 chains 
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with 8 fragments which are then ligated, only 16+(4x7)=44 
starting fragments are required. Thus, the number of differ 
ent starting fragments required reflects an almost linear 
increase in contrast to the combinations of the fragment 
chains which can be produced which increases exponentially 
with the number of cycles. As a consequence, very long 
fragment chains may be produced with a relatively small 
number of starting fragments. 
0120 Of course, as mentioned previously, intermediate 
chains longer or shorter than 8 may be produced. Since a 
large number of permutations exist in the overhang region, 
more starting fragments may be used thus allowing larger, 
fragments to be built up in a single cycle. Thus, the number 
of cycles necessary to produce long chains may be reduced. 
0121 Small fragment chains produced according to the 
methods described herein may also be attached together by 
using variations of the techniques described herein. For 
example, complementary primer pairs may be used to link 
the various chains as described in Example 8. In this 
technique, amplification of the fragment chains is achieved 
using different primer pairs. The second primer in primer 
pair 1 is complementary to the first primer in primer pair 2 
and the second primer in that pair is complementary to the 
first primer in primer pair 3 and so on. PCR reactions are 
then performed which produce products which in single 
stranded form are able to bind to one another through their 
complementary ends introduced by the primer pairs. These 
may then be ligated together. 
0122) Alternatively, fragment chains prepared by the 
methods described herein may be amplified with a primer 
which contains a restriction site to a nuclease which cleaves 
outside its recognition site. These amplification products are 
then digested with that nuclease to produce non-palindromic 
overhangs in the end of each fragment chain. By appropriate 
sequence selection (e.g. in the primer or fragments which are 
used) the overhangs which are generated allow the different 
fragment chains to be combined in order. 
0123. In a preferred aspect therefore, the invention pro 
vides a method of synthesizing a double stranded nucleic 
acid molecule comprising at least the steps of 
1) generating fragment chains according to the method 
described hereinbefore; 
0.124 2) optionally generating single stranded regions at 
the end of said fragment chains, wherein said single stranded 
regions are complementary to other single stranded regions 
on said fragment chains thus forming complementary pairs 
of single stranded regions; 
3) contacting said fragment chains with one another, simul 
taneously or consecutively, to effect binding of said comple 
mentary pairs of single stranded regions. 
0125 Optionally said chains are ligated together, how 
ever, alternative techniques may be use to form the ultimate 
chain, e.g. PCR may be used as described herein. 
0126 Preferably intermediate fragment chains are 
between 4 and 20 fragments in length, e.g. 5 to 10, and 
between 5 and 50 Such fragment chains are combined e.g. 
between 10 and 20. 

0127 Conveniently fragments to be used in the method 
of the invention are contained within libraries. Methods of 
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producing the fragments which make up the library are well 
known in the art. For example a series of oligonucleotides 
may be produced which comprise two portions. A first 
portion which will form an overhang at one end and a second 
portion which will effect binding to a complementary oli 
gonucleotide and which contains within that portion the 
information unit. By producing common hybridizing por 
tions and variant overhangs, a series of double stranded 
oligonucleotides for one or more code elements (denoted by 
at least a part of the hybridizing portion) are created. This 
provides a library for one (or a combination of) code 
elements. Different libraries may be created for different 
code elements (or combinations thereof), by appropriate 
alteration of the information unit, i.e. the sequence in the 
hybridizing portion. 

0.128 Conveniently for use in the invention, these differ 
ent double stranded oligonucleotides are arranged in 2 
dimensional arrays such that in one dimension consecutive 
positions within the ultimate fragment are indicated and in 
the second dimension the possible code element (or com 
binations thereof) are provided. In the simplest case, in 
binary code, in which “0” and “1” are represented by 
different sequences, the first dimension would comprise 
fragments for each position of the proposed fragment and 
the second dimension would have only 2 variants (“0” and 
“1”). This may be viewed as a single library or two libraries, 
i.e. the “0” or “1” libraries. Once these libraries are pro 
duced, fragment chains with any desired order of fragments 
may be readily produced. 

0129. In order to appropriately direct library members to 
their correct site or well (i.e. the library may be comprised 
of separate solid Supports, or a Solid Support with different 
addresses, e.g. wells, or different wells containing different 
Solutions), any appropriate sorting technique may be used. 
This sorting may be achieved by virtue of the process used 
for production of the library members, or sorting may be 
achieved by an appropriate technique, e.g. by binding to 
complementary oligonucleotides at the relevant library site. 

0.130 Appropriate solid supports suitable for attaching 
library members are well known in the art and widely 
described in the literature and generally speaking, the Solid 
Support may be any of the well-known Supports or matrices 
which are currently widely used or proposed for immobili 
Zation, separation etc. in chemical or biochemical proce 
dures. Thus for example, the immobilizing moieties may 
take the form of beads, particles, sheets, gels, filters, mem 
branes, microfibre Strips, tubes or plates, fibres or capillaries, 
made for example of a polymeric material e.g. agarose, 
cellulose, alginate, teflon, latex or polystyrene. Particulate 
materials, e.g. beads, are generally preferred. Conveniently, 
the immobilizing moiety may comprise magnetic particles, 
Such as Superparamagnetic particles. 

0.131. In a preferred embodiment, plates or sheets are 
used to allow fixation of molecules in linear arrangement. 
The plates may also comprise walls perpendicular to the 
plate on which molecules may be attached. Attachment to 
the solid support may be performed directly or indirectly and 
the technique which is used will depend on whether the 
molecule to be attached is an oligonucleotide for fixing the 
library member or the library member itself. For attaching 
the library members directly, i.e. not via binding to an 
oligonucleotide, conveniently attachment may be performed 
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indirectly by the use of an attachment moiety carried on the 
nucleic acid molecules and/or solid Support. Thus for 
example, a pair of affinity binding partners may be used, 
such as avidin, streptavidin or biotin, DNA or DNA binding 
protein (e.g. either the lac I repressor protein or the lac 
operator sequence to which it binds), antibodies (which may 
be mono- or polyclonal), antibody fragments or the epitopes 
or haptens of antibodies. In these cases, one partner of the 
binding pair is attached to (or is inherently part of) the solid 
Support and the other partner is attached to (or is inherently 
part of) the nucleic acid molecules. Alternatively, techniques 
of direct attachment may be used such as for example if a 
filter is used, attachment may be performed by UV-induced 
crosslinking. When attaching DNA fragments, the natural 
propensity of DNA to adhere to glass may also be used. 
0132 Oligonucleotides to be used for capture of the 
library members may be attached to the solid support via the 
use of appropriate functional groups on the solid Support. 

0133. Attachment of appropriate functional groups to the 
solid support may be performed by methods well known in 
the art, which include for example, attachment through 
hydroxyl, carboxyl, aldehyde or amino groups which may be 
provided by treating the solid support to provide suitable 
Surface coatings. Attachment of appropriate functional 
groups to the nucleic acid molecules of the invention may be 
performed by ligation or introduced during synthesis or 
amplification, for example using primers carrying an appro 
priate moiety, such as biotin or a particular sequence for 
capture. 

0134. In a further aspect therefore the present invention 
provides a library of fragments as defined herein comprising 
(n) fragments, wherein n is as defined hereinbefore and 
corresponds to the length of chain that said library may 
produce, and m is an integer corresponding to the number of 
possible code elements or combinations thereof. Such that 
fragments corresponding to all possible code elements for 
each position in the final chain are provided. 

0135 Portions of said libraries in one dimension, i.e. 
comprising n fragments for only a single code element (or 
combinations thereof) or comprising m fragments represent 
ing all code elements (or combinations thereof) for a single 
position on the chain, form further aspects of the invention. 
0136. Appropriate mixing may be achieved by automa 
tion. For example in the case of “0”, “1” fragments, the 
correct combination of these elements is the critical step in 
terms of resource- and time-consumption. This method is 
described in more detail in Example 2. In particular, the 
procedure may be miniaturised providing appropriate ampli 
fying methods (such as cloning and/or PCR) are employed 
in the last step. Thus, techniques using technology Such as 
sorting using flow cytometers may be employed as described 
in FIG. 4C. Such sorting procedures are well established and 
are able to sort approximately 5-30000 droplets per second 
for standard equipment, but up to 300000 droplets per 
second for the most advance cytometers. 
0137 As mentioned previously, it is possible that each 
fragment may denote more than a single code element. If for 
example, each fragment denotes 5 code elements, using 
existing technology and a library of 32x100 library compo 
nents, if 3200 containers were connected to a sorting device 
illustrated in FIG. 4C, it should be possible to write several 
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thousand chains with 500 code elements per second. Clearly, 
a method which can generate nucleic acid sequences with 
Such rapidity offers significant advantages over known 
methods in the art. 

0.138. The nucleic acid molecule (i.e. the fragment chain) 
produced according to the above described method and the 
single stranded molecules thereof comprise further features 
of the invention. These molecules may as appropriate be 
included into a vector, as described hereinbefore. 
0.139. Once produced, the fragment chains, in double 
Stranded or single Stranded form, may be used in various 
applications, as described hereinafter. One application of 
particular utility is to store information. In Such cases 
appropriate means of reading the information stored in those 
chains is required. In some applications, fragment chains 
may be appropriately addressed to particular sites, e.g. 
through binding to oligonucleotides carried on Solid Sup 
ports which are complementary to overhangs on one termi 
nus of the fragment chains. Alternatively appropriate anti 
body/antigen, or DNA: protein recognition systems may be 
used. Thus, information stored in molecules addressed in 
this way, or in solution may then be accessed. 
0140) Co-pending application PCT/GB99/04417, a copy 
of which is appended hereto, describes appropriate tech 
niques for addressing and reading information contained in 
nucleic acid molecules. Of particular note in this respect are 
techniques in which fluorescence of probes carrying fluo 
rescent labels directed to particular sequences are detected. 
In such techniques, probes, carrying labels as described 
hereinbefore, may be directed to particular fragment regions, 
particularly to regions denoting code elements. The signals 
generated (directly or indirectly) by those labels may then be 
detected and the code element thereby identified. If a simple 
binary system is used only 2 discrete labels are required and 
their pattern of binding may be determined. Alternatively, if 
a more complex code is reflected in the fragment chains, 
correspondingly more discrete labels are required for unam 
biguous detection. 
0.141. Thus in a further aspect, the present invention 
provides, a method of identifying the code elements con 
tained in a nucleic acid molecule prepared as described 
hereinbefore (i.e. fragment chain) wherein a probe, carrying 
a signalling means (e.g. a label), specific to one or more code 
elements, is bound to said nucleic acid molecule and a signal 
generated by said signalling means is detected, whereby said 
one or more code elements may be identified. 
0.142 Preferably said signalling means is a label as 
described hereinbefore. 

0.143 A "probe' as referred to herein refers to an appro 
priate nucleic acid molecule, e.g. made up of DNA, RNA or 
PNA sequences, or hybrids thereof, which is able to bind to 
the target nucleic acid molecule (which may be single or 
double stranded) through specific interactions, i.e. is specific 
to particular code elements, e.g. through complementary 
binding to a particular sequence. Probes may be any con 
venient length, to allow specific binding, e.g. in the order of 
5 to 50 bases, preferably 8 to 20 bases in length. 
0144. A “signalling means' as used herein refers to a 
means for generating a signal directly or indirectly. A signal 
may be any physical or chemical property which may be 
detected, e.g. presence of a particular product, colour, fluo 
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rescence, radiation, magnetism, paramagnetism, electric 
charge, size, or volume. Preferably the label is a fluorophore 
whose florescence is detected. In Such cases fluorescence 
scanners may be used for detection of the label and thereby 
identification of the code elements. 

0145 A particular code element or combination of ele 
ments may be identified by the appearance of a particular 
signal. Clearly the position of each signal is crucial to 
determining the sequence of the code elements. As a con 
sequence methods in which positional information (absolute 
or relative) may be obtained should be used. Appropriate 
techniques, e.g. using target molecules which have been 
attached to a Solid Support at one end, are described in 
co-pending application PCT/GB99/04417. 

0146 A number of applications exist for the fragment 
chains once produced in nano and pico-technology, interalia 
for example by stretching of the fragment chains by means 
of a stream of liquid, electricity or other technology and 
using them as templates for nano and pico-structures. The 
products may also be used to label products which can then 
be screened to establish their identity. Alternatively, the 
molecules may be used to store information, e.g. pictures, 
text, music or as data storage in DNA computers. The rapid 
production and reading techniques makes such applications 
possible for the first time. 

0147 Kits for performing the methods described above 
form a preferred aspect of the invention. Thus viewed from 
a further aspect the present invention provides a kit for 
synthesizing a double stranded nucleic acid molecule com 
prising at least n double stranded nucleic acid fragments, 
wherein at least n-2 fragments have single stranded regions 
at both termini and 2 fragments have single stranded regions 
at least one terminus, wherein (n-1) single stranded regions 
are complementary to (n-1) other single stranded regions, 
thereby producing (n-1) complementary pairs. Preferably in 
excess of n fragments are Supplied for production of a chain 
of n fragments, such that selection of appropriate fragments 
for different positions is possible. Thus in a preferred feature 
said kit comprises (n), fragments, wherein n is as defined 
hereinbefore, and m is an integer corresponding to the 
number of possible variations, e.g. unique sequences or code 
elements or combinations thereof. Such that fragments cor 
responding to all possible sequences or code elements for 
each position in the final chain are provided. Preferably 
these fragments are provided in appropriate libraries 
arranged with reference to their position within the fragment 
chain and the code element(s) which they represent, Such 
that desired fragments may be readily selected from the 
array. 

0148) Optionally the kit may contain other appropriate 
components selected from the list including ligases, 
enzymes necessary for inactivation and activation of restric 
tion or ligation sites, primers for amplification and/or appro 
priate enzymes, buffers and Solutions. The use of Such kits 
for performing the method of the invention form further 
aspects of the invention. 
014.9 The following examples are given by way of 
illustration only in which the Figures referred to are as 
follows: 

0150 FIG. 1 shows a schematic representation of how 
the method of the invention may be used to introduce an 
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insert into a vector, in which the insert is cleaved from the 
first nucleic acid molecule, associated with adapters and 
ligated thereto and then ligated into the vector; 
0151 FIG. 2 shows the production of a fragment chain 
using 8 “0” and “1” starting fragments with different over 
hangs (aaaaaaaaaaSEQ ID NO:100), aaaaaaaaac SEQ ID 
NO:54, aaaaaaaccgSEQ ID NO:57), ccccccccccgqSEQ 
ID NO:59, cccccccccg.cgSEQ ID NO:56 ccccccccctitt 
SEQ ID NO:53, ggggggqgaaaSEQ ID NO:51, ggggggg 
gaac SEQ ID NO:52, gggggggqccgSEQ ID NO:55). 
tttitttittcgqSEQ ID NO:60), tttttitttgcgSEQ ID NO:58). 
tttitttttitt SEQ ID NO:101): 
0152 FIG. 3 shows the production of a 64 fragment chain 
in which 8 chains are produced comprising 8 fragments 
each, in which the termini of chains 1 and 2, and 2 and 3 etc. 
are complementary Such that they may be ligated together 
(aaaaaaaaaaSEQ ID NO:100), aaaaaaaaaaaaaSEQ ID 
NO:102), aaaggggggggaaaSEQ ID NO:61, aacaaaaaaaaaa 
SEQ ID NO:62), aacggqgggggaaaSEQ ID NO:103), ctitc 
cccccccccgSEQ ID NO:104), ctittttitttittcgSEQ ID NO: 
105), ggggggggaaaSEQ ID NO:51, gttccccccccccgSEQ 
ID NO:65), gttttittttittcgSEQ ID NO:66), tttccccccccccg. 
SEQ ID NO:63), tttittttitttitcgSEQ ID NO:64); 
0153 FIG. 4 shows 3 techniques for mixing “0”, “1” 
fragments from a library of fragments ordered for each 
position, in which in A) appropriate fragments are selected 
by aspiration from appropriate wells, B) appropriate frag 
ments are released from the library wells and C) a flow 
cytometer is used to direct appropriate droplets to the mixing 
chamber; 
0154 FIG. 5 shows PCR amplification of signal chain 
-1-0-1-0-0 using SP6 and T7 primers. Lane 1: 1 g of 1 kb 
DNA ladder (Gibco BRL), Lane 2: 10 ul of PCR amplified 
fragment chain DNA using SP6 and T7 primers. Lane 3: 
Same as lane 2 except for the use of SP6 and T7-Cy5 
primers; and 
0.155 FIG. 6 shows the use of primer pairs during the 
process of amplification to join together fragment chains. 

EXAMPLE 1. 

Cloning of an Insert into a Vector, for Example 
from PhiX174 Into puC19 

0.156. A general procedure to be followed using IIS and 
IP enzymes to achieve cloning involves the use of a cloning 
vector which has the following characteristics: 
1) A multiple cloning site located within a gene (lac7, ccdB 
or other) that allows the detection of successful insertion. 
0157 2) The multiple cloning site contains two flanking 
Hgal sites that generates overhangs that differ from other 
Hgal generated overhangs elsewhere in the vector. The 
orientation of the Hgal sites ensures excision of its sites from 
the vector part during digestion. To minimize background 
due to undigested plasmids, several Hgal sites and other 
suitable restriction enzyme sites are included in the MCS. 
The restriction enzymes are chosen such that they cleave 
well in Hgal buffer and do not have other sites in the vector. 
0158. The donor plasmid is cut with the appropriate set of 
IIS and/or IP enzymes. Adapters are used to specify the 
fragment to be sub-cloned into the vector, by the use of 
appropriate single stranded regions on the adapters to the 
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overhangs generated on the insert. This results in the mol 
ecule: vector-adapter 1-insert (e.g. PhiX174 gene)-adapter 
II-vector. 

0159. This method is illustrated for insertion of a 
PhiX174 insert into a vector, e.g. pUC19. An Hgal site in a 
pUC19 plasmid is chosen randomly to be our “polylinker' 
while different genes and gene combinations from the 
PhiX174 genome is used as “inserts”. 
0160 Genomes are organized in PhiX174 as illustrated 
below which shows the position of genes A, B, C and E 
relative to one another: 

0161 In the above, gene B is located inside gene A while 
gene C is slightly overlapping with gene A (by 3 base pairs). 
Gene D and Kare located in the same area as gene C and E. 
but are not shown. This genome area contains 9 Bbvl sites 
as shown on the bottom row, in which the overhang pairs 
that will be generated by cutting with BbvI are as follows 
with the base pair position indicated in brackets: 1—CAGC/ 
GTCG (3798), 2 CTGC/GACG 4215), 3 ACGG/ 
TGCC (4398), 3 GCAT/CGTA (4677), 5 CTAT/GATA 
(5049), 6 GAGA/CTCT (158), 7 GAGC/CTCG (547), 
8 CAAC/GTTG (624), 9 CCAT/GGTA (892). The parts 
of the PhiX174 genome not shown contain 5 more BbvI 
sites: 10TACC/ATGG (1488), 11 TACC/ATGG (1592), 
12 CTAC/GATG (1639), 13 GCAC/CGTG (3294), 
14 CTAA/GATT (3297). Of these only 12 give rise to 
non-identical overhangs whilst 2 result in identical over 
hangs. 

0162. When HgaI is used to cleave puC19, 4 non 
identical sites are cleaved, giving rise to 8 non-identical 
overhangs. These are: 1-CTGCC/GACGG (573), 
2 TTCTC/AAGAG (1131), 3 CAAGG/GTTCC (1881), 
4 AGACT/TCTGA (2459). 
Method: 

0163 To sub-clone gene B from Bacteriophage PhiX174 
into the designed vector, the following protocol is used: 

1)2 ug of PhiX174 DNA is digested with 2U of BbvI (NEB) 
in 1x buffer 2 (NEB), water added to a volume of 2041, for 
1 hr at 37° C. BbvI is then heat inactivated at 65° C. for 20 
minutes. 

2) 2 ug of vector (e.g. pUC19) is digested with 2 U Hgal 
(NEB) in 1x buffer 1 (NEB), water added to a volume of 
2OL1, for 1 hr at 37° C. Hgal is then heat inactivated at 65° 
C. for 20 minutes. 

3) The adapters are made in separate tubes by mixing two 
and two oligonucleotides (selected to obtain the desired 
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product, i.e. particular gene(s), in forward/reverse orienta 
tion) and allowing annealing. 
0.164 4) 6 ul of the cleavage reaction of PhiX174 is 
mixed with 3 ul of the cleavage reaction of the vector and 
ligated in the presence of 5-50 pmol of each adaptor, 2-10 
U?ul T4 DNA Ligase (NEB), 1x ligase buffer (NEB) and 
5%-Polyethylene glycol 8000, water added to a volume of 
308 1, at 25° C. for 1 hr. 
5) Conventional methods are used to transform bacteria. 
6) The colonies are then counted and some of them are then 
picked for further analysis (sequencing, and the like). 

Materials: 

0.165 Oligonucleotides used to address PhiX174 over 
hangs: 

BbvI overhang 1a : 
5 - CGA. GCG CCT CCA GTG CAG CGG AG SEQ ID: 3 

BbvI overhang 5a: 
5 - TATC GCG CCT CCA GTG CAG CGG AG SEQ ID NO: 4 

Bbvl overhang 6b : 
s' - CTCT GCG CCT CCA GTG CAG CGG AG SEQ ID NO: 5 

Bbvl overhang 6 (de1C) : 
s' - CTCT CTC CCGC TGC ACT GGA. GGC GC SEQ ID NO: 6 

Bbvl overhang 7a: 
5 - CAAC GCG CCT CCA GTG CAG CGG AG SEQ ID NO: 7 

BbvI overhang 9b: 
5 - GGTA. GCG CCT CCA GTG CAG CGG AG SEQ ID NO: 8 

0166 Oligonucleotides used to address puC19 over 
hangs: 

Cloning site la 
5'- AAGAG CTC CGC TGC ACT GGA GGC GCSEQ ID NO: 9 

Cloning site 1b 
5' - CTCTT CTC CGC TGC ACT GGA GGC GCSEQ ID NO 10 

0.167 Two important advantages with this recombina 
tion-method over the classical Cohen-Boyer method should 
be noted. The procedure is very easy to perform. It involves 
only mixing and incubation steps before transformation. No 
PCR-amplifications or gel separations are required. The 
methods gives significant flexibility and allows complex 
recombinations to be made even with only two restriction 
enzymes. 
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EXAMPLE 2 

Automation and Miniatursation of Chain Synthesis 
0168 This method describes a rapid process for mixing 
appropriate “0” and “1” fragments with the correct over 
hangs to produce a particular string consisting of 'O's and 
0169. Two libraries are produced, one with “0” fragments 
and one with “1” fragments. As mentioned in the descrip 
tion, these are generated with overhangs that can be ligated 
to corresponding overhangs for fragments at adjacent posi 
tions. These separate members are present in separate wells 
to form the library, such that position 1 fragments are present 
in well 1, position 2 fragments are present in well 2 and so 
forth. The two libraries thus provide the alternatives for each 
position. In order to generate the chain therefore it is only 
necessary to select the correct fragment “0” or “1” for 
position 1, and then position 2 etc. Since these fragments, as 
a consequence of their unique overhangs, may only hybrid 
ize to fragments for adjacent positions, it is necessary only 
to select the correct fragments, then mix and ligate those 
fragments simultaneously. Different ways of achieving this 
effect are shown in FIG. 4 which shows three different 
alternatives for mixing. 
0170 In FIG. 4A, e.g. to produce the chain 0-1-0-0-1, the 
apparatus is used to aspirate from the “0” library at positions 
1, 3 and 4, and aspirate from the “1” library at position 2 and 
5. The liquids that have been aspirated may then be mixed 
together with ligase and an appropriate buffer. In alternative 
B, each well in the library is connected with a tube/nozzle 
that may be closed/opened electronically. Liquid from the 
nozzles is directed into the ligation chamber together with 
ligase and an appropriate buffer. Different chains may be 
constructed by appropriately changing the pattern of nozzles 
which are opened/closed. 
0171 The procedure may also be miniaturised, e.g. using 
flow cytometry technology as illustrated in FIG. 4C. In this 
method, library components are stored in containers on top 
of the “writing-machine”. Droplets from each container are 
then guided either to the waste or production well depending 
on the nature of the chain that is to be constructed. The 
guiding mechanism is as used in ordinary flow cytometers, 
i.e. the droplets are charged when they leave the container 
and may be guided electronically in different directions. 

EXAMPLE 3 

Libraries Comprising Oligonucleotides for Use in 
the Invention 

0172 Conveniently, the cloning method may be per 
formed using libraries containing oligonucleotides. For 
example a library may contain: 
1. Oligonucleotides with a common portion and S bases at 
the 5' end which vary to provide all possible permutations, 
i.e. 1024 variants. 

2. Oligonucleotides with a common portion and 4 bases at 
the 5' end which vary to provide all possible permutations, 
i.e. 256 variants. 

3. Oligonucleotides with a common portion and 5 bases at 
the 3' end which vary to provide all possible permutations, 
i.e. 1024 variants. 
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4. Oligonucleotides with a common portion and 6 bases at 
the 3' end which vary to provide all possible permutations, 
i.e. 4096 variants. 

0.173) In the above, the oligonucleotides are produced 
such that all “1” oligonucleotides are complementary to “2 
oligonucleotides by virtue of the invariant bases, i.e. to 
generate a double stranded molecule with variant 4/5 base 
overhangs. Similarly '3' and “4” oligonucleotides are 
complementary. 

0.174 Oligonucleotides combined in this way (i.e. with 
overhangs at either end of 4-6 bases may also be combined 
together with complementary double stranded oligonucle 
otides also generated by combining certain members of the 
library. In this way variable overhangs of different lengths 
may be created in the resultant molecule, e.g. a molecule 
with a 4 base overhang at both the 3' and 5' end. 

0.175 Oligonucleotides may also be provided in the 
library which allow 5' and 3" adapters to be linked. Thus for 
example oligonucleotides having the following form may be 
provided: 

5. 5'-AAAA-compl-FFFFF-3' 

6. 5'-DDDDD-compl-FFFFF-3' 

7. 5'-AAAA-compl-HHHHHH-3' 

8. 5'-DDDDD-compl-HHHHHH-3' 

9. 3'-compl* - 5' 

1.O. 5'-BBBB-comp2-3' 

11. 5'-EEEEE-comp2* -3' 

12. 5'-comp3- GGGGG-3' 

13. 5'-comp3 *-IIIIII-3' 

in which "compx' refer to a region which is complementary 
to region “compx*”, i.e. “5”, “6”, “7” or “8” can bind to “9. 
Furthermore, “comp2 can bind to oligonucleotide 1 above, 
“comp2a can bind to oligonucleotide 2, “comp3 can bind 
to oligonucleotide “4” and “comp3 can bind to oligo 
nucleotide “3”. The bases denoted “A bind to “B”, i.e. “7” 
and “10 can bind at their ends. Similarly “D” binds to “E”. 
“F” binds to “G” and “H” binds to “I”. (These bases when 
together may have a variable content, e.g. AAAA=GAGA 
and then BBBB=TCTC.) 
0176). By appropriate use of the linkers described above, 
5' and 3' adapters may be combined. For example, oligo 
nucleotide “2 with a particular 4 base 5' overhang may be 
bound through its complementary region to an oligonucle 
otide linker “11” which will then leave a “EEEEE' overlap. 
This may be bound to oligonucleotide “8” through the 
overlap which may itself bind oligonucleotide “9 through 
its complementary region. The overlap “HHHHHH may be 
bound to oligonucleotide “13 which may attach an oligo 
nucleotide “4” through binding to the complementary 
region. Thus various permutations may be made which 
result in various overlap lengths, e.g. any combination of 4. 
5, or 6 base overlaps which may on the same or different 
Strands. 
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EXAMPLE 4 

Trimming Procedure for Generating Unique 
Overhangs 

0177. The system presented here makes it possible to 
perform a trimming procedure with seven different IIS 
enzymes that make 5' 4 base overhangs (FokI and Bst71I), 
5' 5 base overhangs (Hgal), 3' 5 base overhangs (BplI and 
Bael) and 3' 6 base overhangs (Ciel and Hae|V). If the 
oligonucleotide system presented here is combined with the 
basic oligonucleotide kit described in Example 3, all per 
mutations of 35 base and 6 base overhangs and all permu 
tations of 5' 4 base and 5 base overhangs can be addressed 
for the trimming procedure. 

0178. In this Example, the location of the binding motifs 
of the initiation linkers is shown below: 

Bae 

Consensus 

SEQ ID NO: 11 
- - GCAGCGACCATGAGTCCA.- CTC - - GTGGATGACGC 

0179. Initiation Linkers: 

X = O 

SEQ ID NO: 12 
5' -- GCAGCGACCATGAGTCCA- CTC--GTGGATGPPPPPP 

SEQ ID NO: 69 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTAC 

X = 1 

SEQ ID NO: 13 
5' -- GCAGCGACCATGAGTCCA- CTC--GTGGATG-PPPPPP 

SEQ ID NO: 7o 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTAC 

X = 2 

SEQ ID NO: 14 
5' -- GCAGCGACCATGAGTCCA- CTC--GTGGATG--PPPPPP 

SEQ ID NO: 71 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTAC-- 

X = 3 

SEQ ID NO: 15 
5' -- GCAGCGACCATGAGTCCA- CTC--GTGGATG---PPPPP 

SEQ ID NO: 72 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTAC- - - 
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- Continued 
X = 4 

SEQ ID NO: 16 
5 - - GCAGCGACCATGAGTCCA- CTC- - GTGGATGACGC-PPPPPP 

SEQ ID NO: 73 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTACTGCG 

X = 5 : 

SEQ ID NO: 17 
5 - - GCAGCGACCATGAGTCCA- CTC- - GTGGATGACGC-PPPPPP 

SEQ ID NO: 74 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTACTGCG 

X = 6 : 

SEQ ID NO: 18 
5 - - GCAGCGACCATGAGTCCA- CTC- - GTGGATGACGC--PPPPPP 

SEQ ID NO: 75 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTACTGCG 

X = 7 : 

SEQ ID NO : 19 
5 - - GCAGCGACCATGAGTCCA- CTC- - GTGGATGACGC- - - PPPPPP 

SEQ ID NO: 76 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTACTGCG--- 

X = 8: 

SEQ ID NO: 2O 
5 - - GCAGCGACCATGAGTCCA- CTC- - GTGGATGACGC- - - - PPPPPP 

SEQ ID NO: 77 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTACTGCG- - - - 

X = 9 : 

SEQ ID NO: 21 
5 - - GCAGCGACCATGAGTCCA.- CTC- - GTGGATGACGC- - - - - 

PPPPPP 

SEQ ID NO: 78 
3 - - CGTCGCTGGTACTCAGGT-GAG-- CACCTACTGCG- - - - - 

0180. The 6 base 3' overhang PPPPPP is a non-palindro 
mic sequence that can be ligated with the complementary 
overhang QQQQQQ. The reason 10 different initiation 
linkers are needed is because Bael cuts 10 bases away from 
its binding site. These linkers therefore allow a trimming 
procedure where Bael jumps' 10 bases for each trimming 
cycle. 10 different start positions will then be necessary to 
cover all possibilities. On the other side, HgaI cuts only 5 
bases away, only necessitating 5 different start positions. 
This is the reason the binding site for Hgal is not present on 
X=0-X=3, above. 

0181 Propagation Linkers: 

FokI : 
5 - - - - - - - - - - - - - - - - - - GGATG 
3 - - - - - - - - - - - - - - - - - - CCTACNNNN 

BStf1I: 
5 - - - - - - - - - - - - - - - - - - GCAGC 
3 - - - - - - - - - - - - - - - - - - CGTCGNNNN 

Hgal: 
5 - - - - - - - - - - - - - - - - - - GACGC 
3 - - - - - - - - - - - - - - - - - - CTGCGNNNNN SEQ ID NO: 79 

BplI: 
5 - - - - - - - - - - - - GAG - - - - - CTCNNNN 
3 - - - - - - - - - - - - CTC- - - - - GAG 

Bae: 
5 - - - - - - - - - - - - CCATG- - - - CANNNNN 
3 - - - - - - - - - - - - GGTAC- - - - GT 
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- Continued 
HaleIW: 
5 " - - - - - - - - - - - - GAC- - - - - GTCNNNNNN 
3 - - - - - - - - - - - - CTG - - - - - CTG 

CeI: 
5 " - - - - - - - - - - - - CCA- - - - - - - GTNNNNNN 
3 - - - - - - - - - - - - GGT- - - - - - CA 

Termination Linkers: 

0182. The adapters made with the basic oligonucleotides 
described earlier can be used as termination linkers. There is 
therefore no need for a separate set of termination linkers. 
Method: 

0183 In this method a trimming reaction using Bst7II 
that will begin on a 35 base overhang is shown. The target 
DNA is shown below in which the first overhang that will be 
generated is marked 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - 

3. "CACTT - - - - * * * * - - - - - - - - - - - - - - - - - - - - - - - - 

0184 The first Bst7II overhang in the target DNA will be 
located 5-8 bases downstream of the overhang CACTT-3'. X 
must therefore be 3 (see the figure below). The following 
strategy can then be applied: 

0185. One linker is prepared that can address the 3' 
GTGAA overhang by annealing 4-3' 6 bases(QQQQQQ) 
with 3-3' 5 bases(GTGAA) in one tube: 

. . . . . . . . . . . . . . . . . . GTGAA - 3" 

3" - QQQQQQ- - - - - - - - - - - - - - - - - - 

0186 The 3'-GAGTGC overhang is then ligated with the 
X=3 initiation linker and the GTGAA-3 overhang is ligated 
3D with the CACTT-3 overhang on the target DNA mol 
ecule: 

SEQ ID NO: 15 
5' -- GCAGCGACCATGAGTCCA- CTC- - GTGGATG- - - PPPPPP- - - - - - 

GTGAA- - - - - - - - - - - - 3' 

SEQ ID NO: 85 
3' -- CGTCGCTGGTACTCAGGT-GAG-- CACCTAC- - - QQQQQQ- - - - - - 

CACTT - - - - - - - - - - - - s' 

EXAMPLE 5 

Removal of Intervening Sequences from Constructs 

0187. In some instances, constructs may be prepared 
which contain undesirable nucleic acid sequences between, 
e.g. the insert sequence and the vector sequence. Strategies 
for removing the linker sequences should then be applied. 
Illustrated below are some possible strategies in which 
binding sites for restriction enzymes are provided in the 
adapter sequences. Cleavage with the restriction enzymes 
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will then result in DNA ends that can be religated. The 
vector DNA is marked as ...VVVVVVV while insert DNA is 
marked as IIIIIII. 

Method 1 

0188 Two IIS enzymes that generate 5'-4 base overhangs 
(BbsI and Esp3I): 

SEQ ID NO: 86 
5. WWWWWWWWGAGC-GAGACG- - - - - - GAAGAC- - GAGCIIII III 

III 3 '' 

SEQ ID NO : 87 
3' WWWWWWWWCTCG- CTCTGC- - - - - - CTTCTG-- CTCGIIIIIII 

III 5" 

0189 After Cleavage with BbsI and Esp3I: 

SEQ ID NO: 88 
WWWWWWWW - GAGC-GAGACGGAAGAC- - - 

SEQ ID NO: 89 
WWWWWWW WCTCG - CTCTGCCTTCTG-- CTCG 

GAGCIIIII IIIII 

IIII111111 . . 

0190. After Ligation with T4 DNA Ligase: 

GAGC-GAGACG- - - - - - GAAGAC- - - SEQ ID NO: 88 

- CTCTGC- - - - - - CTTCTG-- CTCG SEQ ID NO: 89 

WWWWWWWVGAGCIII IIII SEQ ID NO: 90 

WWWWWWWWCTCGIII IIII III. . SEQ ID NO: 91 

Method 2 

0191) One IIS enzyme that generates two 3' 3 base 
overhangs(BsaXI): 

SEQ ID NO: 92 
5. WWWWWWWWGAG - - - - - - - - - AC - - - - - CTCC - - - - - - - GAGIIIII 

III IU 3" 

SEQ ID NO: 93 
3. WWWWWWWWCTC- - - - - - - - - TG- - - - - GAGG- - - - - - - CTCIIIII 

IIIII 5" 

0.192 After Cleavage with BsaXI: 

SEQ ID NO: 94 
WWWWWWWWGAG -- - - - - - - - - - AC - - - - - CTCC - - - - - - - GAG 

SEQ ID NO: 95 
WWWWWWWWCTC CTC-- - - - - TG- - - - - GAGG- - - - - - - 

-- III.III IIII 

CTCIII III III. . 
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0193 After Ligation with T4 DNA Ligase: 

. . . . . . . . . AC- - - - - CTCC - - - - - - - GAG + SEQ ID NO: 94 

CTC- - - - - - - - - TG- - - - - GAGG- - - - - - - SEQ ID NO: 95 

WWWWWWWVGAGIII III IIII 

WWWWWWWWCTCIIIIIIIIII. 

Method 3 

0194 One IIS enzyme that generates blunt ends (MlyI): 

SEQ ID NO: 96 
5. WWWWWWWW- - - - - - - - - - - - - - - - GAGTC- - - - - IIIII III 

II 3 '' 

SEQ ID NO: 96 
3 * WWWWWWWW- - - - - CTGAG- - - - - - - - - - - - - - - - IIIII III 

II 5" 

0.195. After Cleavage with MlyI: 

SEQ ID NO: 97 
WWWWWWWW -- - - - - - - - - - - - - - - - - GAGTC- - - - - -- 

SEQ ID NO: 97 
WWWWWWWW - - - - - CTGAG- - - - - - - - - - - - - - - - 

III IIII III 

IIII11 II1 . 

0196. After Ligation with T4 DNA Ligase: 

. . . . . . . . . . . . . . . . GAGTC- - - - - - SEQ ID NO: 97 

CTGAG - - - - - - - - - - - - - - - - SEQ ID NO: 97 

WWWWWWWWII IIII IIII 

WWWWWWWWII IIII III. . 

EXAMPLE 6 

Identifying Oligonucleotide Sets with 6 Base 10 
Pair Overhangs with Minimal Mis-Match Ligations 

0197). In order to identify oligonucleotide sets with 6 base 
pair overhangs which are unlikely to form mis-match liga 
tions with one another the following steps may be taken. 
1. Create all 2048 overhang pairs of 6 bases. 
2. Remove the 32 palindromic pairs. 
0198 This produces a final set of 2016 overhang pairs. 
Part 1 

1. Take a pair as pair #1 and select the next pair by executing 
section 1. 

Section 1 

Algorithm 1 
0199 Compute the (2016-m) tables of unweighted mis 
match scores between the already chosen n pair(s) and all 
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(2016-n) remaining pairs, and find among the latter the 
pair(s) for which the lowest score in the table is the highest 
(see below for details about score computation). If there is 
only one such pair, then select it. If there are several pairs, 
then compute the weighted mismatch scores of the overhang 
comparisons that gave the lowest unweighted score and find 
the pair(s) for which the lowest weighted score is the 
highest. If there is only one such pair, then select it. If there 
are several pairs, then redo the whole procedure using the 
second lowest unweighted score in the mismatch table, then 
the third lowest, and so on. If several pairs remain tied after 
all mismatch scores have been considered, keep them all. 
0200 Repeat algorithm 1 for each selected pair and 
iterate it over the desired number of positions to obtain the 
chain(s) of overhang pairs. This procedure generates a tree 
with an overhang pair on each branch. The lowest 
unweighted and weighted mismatch scores of the particular 
combination of pairs at each point are computed. A particu 
lar pathway is stopped (1) when the desired number of 
positions is reached, or (2) when the combination of pairs is 
one that has already been found earlier, or (3) when the 
lowest mismatch scores of that combination are lower than 
the lowest scores of the complete chain(s) already con 
structed. Point (3) ensures that each new complete chain 
always has lowest mismatch scores that are higher than or at 
least equal to those of the previously constructed chain(s). 
Note also that, as a result of this process, all pairs in a given 
chain are unique and all complete chains in the tree are 
unique. The whole process terminates when the last pathway 
to be explored stops. Keep the complete chain(s) whose 
lowest mismatch scores are the highest. 
0201 Repeat section 1 starting with each of the 2016 
pairs aspair #1 to produce a set of 2016 overhang chains. 
Find the best chain(s) by applying algorithm 2. 
Algorithm 2 
0202 For all chains, compute the tables of unweighted 
mismatch scores between all the pairs that are present in the 
chain, and find the chain(s) for which the lowest score in the 
table is the highest (see below for details). If there is only 
one Such chain, then select it. If there are several chains, then 
compute the weighted mismatch scores of the overhang 
comparisons that gave the lowest unweighted score and find 
the chain(s) for which the lowest weighted score is the 
highest. If there is only one such chain, then select it. If there 
are several chains, then redo the whole procedure using the 
second lowest unweighted score in the mismatch table, then 
the third lowest, and so on. If several chains remain tied after 
all mismatch scores have been considered, then keep all of 
them. 

0203 This allows the production of a set of one or more 
overhang chains. 
Part 2 

0204 Take a chain and execute section 2. 
Section 2 

Algorithm 3 
0205 For that chain, find the overhang pair(s) that is(are) 
responsible for the lowest unweighted and weighted scores 
in the table of mismatch scores between all pairs in the 
chain. Then, create new chains by Substituting that pair with 
all remaining overhang pairs that are not present in the 
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original chain (if there are several pairs to be substituted, 
substitute one pair at a time). From the complete set of newly 
generated chains and the original chain, select one or more 
chains following algorithm 2. Here, including the original 
chain into algorithm 2 ensures that the selected chains 
always have a mismatch score that is higher than or at least 
equal to the score of the original chain. The improvement (if 
any) may involve the lowest or nth lowest unweighted score, 
or the corresponding weighted score. 

0206 Repeat algorithm 3 for each selected chain. This 
procedure generates a tree with a chain on each branch. Each 
new chain which is added to the tree has a mismatch score 
higher than or equal to the score of the chain found in the 
previous step. A particular pathway is stopped when the 
selected chain is one that has already been found earlier. This 
ensures that all chains in the tree are unique. The whole 
process terminates when the last pathway to be explored 
stops. Keep all the chains that are present in the tree. 

0207 Repeat section 2 (i.e., construct a tree) starting with 
each of the chains selected at the end of part 1. 
0208 From the whole set of chains present in all trees, 
select one or more chains following algorithm 2. 
0209. This produces a final set of one or more overhang 
chains. 

Computation of Mismatch Scores 
Unweighted Score 
0210. The unweighted score for a ligation between two 
6-base overhangs is the number of mismatches observed, 
considering the triplets of the first 3 and the last 3 bases 
separately. For example, the score for the ligation 
AAAAAC/TTTGCA is O-3 and the score for AAAAAC/ 
TCAGGG is 2-2. All possible scores are ranked from highest 
to lowest according to the order below: 
highest: 

0211 3-3 
0212 3-2/2-3 
0213 2-2 
0214) 3-1/1-3 
0215 2-1/1-2 
0216) 1-1 
0217 3-0/0-3 
0218 2-0/0-2 
lowest: 

0219) 1-0/0-1 
Weighted Score 

0220. The weighted score (WS) for a ligation is com 
puted as follows: 
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where BPS is the score for the particular base pair at site i 
and is given in the table below: 
AA= 1.0 CA=0.6 GA=1.0 TA=0.0 

AC-06 CC=1.0 GC=OOTC=O.6 

AG=10 CG=O.O GG=0.9 TG=0.2 

AT=OO CT=0.6 GT-02 TT=0.6 

For the perfect match between an overhang and its comple 
ment, WS=6. 

Comparison Among Pairs and Construction of Tables of 
Scores 

Finding the Next Overhang Pair 
0221) To select the next overhang pair, tables of mis 
match scores between the pairs selected at previous posi 
tions and all remaining pairs are computed. To construct 
Such a table, all previously selected pairs are compared with 
the new pair and also every overhang is compared with 
itself. Thus, if n pairs have already been selected, the number 
of ligations considered for each table is 4n+2(n+1)=6n+2. 
When comparing two overhangs that are on the same DNA 
Strand, one of them is reversed. 
0222 Let us consider the following example where pairs 
AAAAAC/TTTTTG (1A/1B) and AAACGT/TTTGCA 
(2A/2B) have been chosen previously and the new pair 
AGTCCC/TCAGGG (3A/3B) is tried at the next position: 
0223 The Corresponding Table is: 

Unweighted Weighted 
Comparison Overhang Ligation Score Score 

1 WS 1 1A. AAAAAC 3-3 O. 8 
1A. CAAAAA 

1B TTTTTG 3-3 3.2 
1B GTTTTT 

2 WS 2 2A AAACGT 2-2 2.8 
2A TGCAAA. 

2B TTTGCA 2-2 4. 4. 
2B ACAGTTT 

3 WS 3 3A. AGTCCC 2-2 3.. 6 
3A. CCCTGA 

3B TCAGGG 2-2 3.. 6 
3B GGGACT 

1 WS 3 1A. AAAAAC 3-2 2.6 
3A. CCCTGA 

1A. AAAAAC 2-2 2. 4 
3B TCAGGG 

1B TTTTTG 2-2 4. O 
3A. AGTCCC 

1B TTTTTG 3-2 4. 6 
3B GGGACT 

2 WS 3 2A AAACGT 3-2 2.7 
3A. CCCTGA 

2A AAACGT 2-2 3.3 
3B TCAGGG 
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- Continued 

Unweighted Weighted 
Comparison Overhang Ligation Score Score 

2B TTTGCA 2-2 3.. 6 
3A. AETCCC 

2B TTTGCA 3-2 3. 4 
3B GGGACT 

Here, the lowest score is 2-2, 2.4 given by the ligation 
between overhangs IA and 3B. 
Score Table for a Chain 

0224) To compute the table of mismatch scores for a 
chain, all overhang pairs contained in the chain are com 
pared with each other and also every overhang is compared 
with itself. Thus, for a chain of poverhang pairs, the number 
of ligations considered is 4p(p-1)/2+2p=2(p2). As above, 
one of the two overhangs is reversed in the comparison when 
both are on the same DNA strand. 

0225. For example, let us consider the following 3-pair 
(i.e., 4-position) chain: AAAAAC/TTTTTG (1A/1B), 
AAACGT/TTTGCA (2A/2B), AGTCCC/TCAGGG (3A/ 
3B) in which IA is on one fragment, 1B and 2A are on a 
second fragment, 2B and 3A are on a third fragment and 3B 
is on a fourth fragment. 

0226. The Corresponding Table is: 

Unweighted Weighted 
Comparison Overhang Ligation Score Score 

1 WS 1 1A. AAAAAC 3-3 O. 8 
1A. CAAAAA 

1B TTTTTG 3-3 3.2 
1B GTTTTT 

2 WS 2 2A. AAACGT 2-2 2.8 
2A. TGCAAA. 

2B TTTGCA 2-2 4. 4. 
2B ACGTTT 

3 WS 3 3A. AGTCCC 2-2 3.. 6 
3A. CCCTGA 

3B TCAGGG 2-2 3.. 6 
3B GGGACT 

1 WS 2 1A. AAAAAC 2-3 1.8 
2A. TGCAAA. 

1A. AAAAAC O-3 3. 8 
2B TCAGGG 

1B TTTTTG O-3 5. O 
2A. AAACGT 

1B TTTTTG 2-3 3. 8 
2B ACGTTT 

1 WS 3 1A. AAAAAC 3-2 2.6 
3A. CCCTGA 
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- Continued 

Unweighted Weighted 
Comparison Overhang Ligation Score Score 

1A. AAAAAC 2-2 2. 4 
3B TCAGGG 

1B TTTTTG 2-2 4. O 
3A. AETCCC 

1B TTTTTG 3-2 4. 6 
3B GGGACT 

2 WS 3 2A AAACGT 3-2 2.7 
3A. CCCTGA 

2A AAACGT 2-2 3.3 
3B TCAGGG 

2B TTTGCA 2-2 3.. 6 
3A. AGTCCC 

2B TTTGCA 3-2 3. 4 
3B GGGACT 

Here, the lowest score is 0-3; 3.8 given by the ligation 
between overhangs 1A and 2B. 
Results Obtained: 

0227 Table of Breaking Points 

PART1 

# of Unweighted Weighted # of equal 
positions SCOe SCO chains 

3 3-3 1.6 48 
4 2-2 4.0 48 
9 2-2 2.5 12 
10 3-1 3.2 12 
14 3-1 2.4 6 
15 2-1 4.6 6 
33 2-1 3.0 12 
34 3-0 4.6 12 
90 3-0 3.1 

0228 

- PART 2 

# of Unweighted Weighted # of equal 
positions SCOe SCO chains 

3 3-3 1.6 48 
4 3-2 2.2 48 
9 2-2 2.5 12 
10 3-1 3.2 12 
14 3-1 2.4 6 
15 3-1 2.0 6 
33 2-1 3.0 12 
34 3-0 4.6 12 
90 

It will be noted that the unweighted mis-match score (in 
which (9=3-3, 8=3-2, 7=2-2, 6=3-1, 5=2-1, 4=1-1, 3=3-0, 
2=2-0, 1=1-0) reduces as the number of positions increases. 
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- Continued 

SEQ ID NO:32 
Tf : " -TAATACGACT CACTATACCA-3' 

SEQ ID NO:33 
T7- Cy5 primer: S." -TAATACGACTCACTATA-3' 

SEQ ID NO:34 
SP6 primer: 3'-AAGATATCACAGTGGATTTAG-5' 

0245. The library components (4 pmol each) were then 
mixed together and ligated using 100 UT4 DNA ligase 
(NEB) in 1x ligase buffer at 25° C. for 15 minutes. The 
ligase was then inactivated at 65° C. for 20 min. 

0246 5 ul of the ligation reaction (541) was used as 
template in a PCR reaction (50yl) containing 1x Thermopol 
buffer (NEB), 0.05 mM dNTPs, 0.4 uMT7 primer, 0.4 uM 
SP6 primer and 0.04 U?ul Vent polymerase (NEB). The PCR 
was hot started (95° C. for 3 minutes before addition of 
polymerase) and cycled 30 times: 95°C., 30 sec; 55° C., 30 
sec; 76° C., 30 sec, using a PTC-200 thermo cycler (MJ 
Research). 10 ul of the PCR was analysed on a 1.5% agarose 
gel as shown in FIG. 5. The gel picture showed only one 
intense band corresponding to approximately 240 bp as 
expected (243 bp). The remaining PCR product was 
extracted twice with chloroform and precipitated using 71% 
ethanol and 0.1M NaAc. The DNA was dissolved in water 
and sequenced. The sequence confirmed that the expected 
signal chain (1-0-1-0-0) was generated. 

EXAMPLE 8 

Construction of a 5x5 Fragment Chain Encoding 
the Binary Sequence Using One Ligation Cycle 
Followed by One PCT Cycle or by Two Ligation 

Cycles 

0247 This experiment demonstrates the use of comple 
mentary primer pairs to link fragment chains together as an 
alternative to the ligation strategy demonstrated in the 
previous example. 

0248. In this experiment 5 fragments chains with 5 posi 
tions (fragments or bits) each are ligated separately in 
ligation cycle 1 as demonstrated earlier (Example 7). The 5 
fragment chains are then amplified with 5 different primer 
pairs (pair 1 is used to amplify chain 1, pair 2 is used to 
amplify chain 2, etc). The second primer in primer pair 1 is 
complementary to the first primer in prime pair 2, the second 
primer in primer pair 2 is complementary to the first primer 
in primer pair 3, and so on. 

0249. A small aliquot is then taken from each of the 5 
PCR reactions and a new PCR reactions is performed with 
primers that are specific to the end of signal chain 1 and 5. 
The method is illustrated in FIG. 6. 

Materials: 

0250 Oligonucleotides are selected which bind to the 
fragment chain and also serve as primers. Thus for example, 
for adjacent chains may be bound using for example the 
following primer pairs: 
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0251 Fragment Chain 2 Terminal (with Bound Primer): 

SEQ ID NO:35 
s' TTCTATAGTGTCACCTAAATC 

SEQ ID NO:36 
3. "AAGATATCACAGTGGATTTAGCCTACCAGTACATCCAACGGCA ACT 

0252) Fragment Chain 3 Terminal (with Bound Primer): 

SEQ ID NO:37 
5 GTCATGTAGGTTGCCGTTGATCCATCCTAATACGACTCACTATAGC 

A3 

SEQ ID NO:38 
3 ATTATGCTGAGTGATATCGTs' 

The above exemplified primer regions are complementary 
and may thus be bound together. 
0253) As an alternative to this method, two ligation 
cycles may be used in which 5 fragment chains (generated 
by ligation), are ligated together. Thus, several construction 
cycles to build up long signal chains. After the initial ligation 
in the first ligation cycle the 5 fragment chains are then 
amplified with primers containing a FokI site. The primers 
are appropriately selected such that digestion with FokI will 
then make non-palindromic overhangs in the end of each 
fragment chain in which the overhang generated in fragment 
chain 1 is able to ligate with the first overhang generated in 
fragment chain 2, the second overhang generated in frag 
ment chain 2 is able to ligate with the first overhang 
generated in fragment chain 3, and so on. The 5 fragment 
chains can thereby be ligated together in a controlled manner 
to generate a final chain with 25 fragments (bits). 
0254. If we want to construct fragment chains with 100 or 
500 fragments we can repeat this procedure 1 or 2 more 
times. The polymerase capacity will, however, be a limiting 
factor regarding how many ligation cycles it is possible to 
perform. Other strategies will therefore need to be employed 
to construct even longer chains. 

EXAMPLE 9 

Cloning of an Insert from PhiX174 into puC1 with 
a Trimmed Gene A 

0255. This experiment demonstrates the “trimming 
strategy forelimination of unwanted flanking sequences. 
Another important aspect of this experiment is that we 
demonstrate that it is possible to link a 5' and 3' overhang 
together with a single stranded oligonucleotide alone. It 
should also be noted that the inserts are cloned into two 
different IIS sites, thereby eliminating the problem with 
insert concatemerisation. 

0256 In this method, Gene A from PhiX174 is cloned 
into a puC-19 vector. PhiX174 is prepared by cleavage with 
DbvI, resulting in 15 fragments flanked by different non 
palindromic 5' 4 bases overhangs, as described in more 
detail in Example 1. The two overhangs adjacent to Gene A 
is then addressed with “initiation linkers’ containing a Bp1 I 
site, while the rest of the fragments is allowed to religate. T4 
DNA ligase, Bp1 I, a “propagation linker containing a Bp1 I 
site, and two “termination adaptors' addressed to the first 
and last five bases of Gene A respectively are used. The 
solution is incubated at 37° C. thereby allowing the trim 
ming reaction to succeed until terminated when the five first 
and last bases in Gene A are reached. 
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0257) The puC-19 vector is prepared by cleavage with 
Hgal and Bsal. The overhang generated by Hgal cleavage 
are described in Example 1. Cleavage with Bsal results in 4 
non-identical cleavages giving rise to 8 non-identical over 
hangs, e.g. site 1—GCCA/CGGT (1600). 
0258 Gene A has the following sequence at its first and 
last five bases (marked by underlining). 
5' ... GCTGGAGGCCTCCACTATGAAATCGCGTAGAG 
... SEQ ID NO:80) 
3' . . . CGACCTCCGGAGGTGATACTTTAGCGCATC . . . 
SEQ ID NO:98) 

. . . CTGGCGGAAAATGAGAAAATTCGACCTA . . . 
3SEQ ID NO:81) 
. . . ACGACCGCCTTTTACTCTTTTAAGCTGG . . . 
5SEQ ID NO:99) 
0259 When terminating the trimming procedure at the 
underlined sequences it is possible to clone Gene A without 
any unwanted flanking base pairs. The 3' 5 base overhangs 
generated by Bpll correspond to the marked base pairs. 
0260 The overhang pair-generated by Hgal and Bsal in 
pUC19 that is used as a cloning site for the gene A from 
Phix174 is TTCTC/CGGT. 

Method: 

0261) This is as described in Example 1 except that 
PUC19 is cut with both Hgal (NEB 4, 37°C.) and thereafter 
with Bsal (NEB 4, 50° C.). 
Materials 

0262 Initiation Linker 1 (s): 

s' ATT CGG TCG. AGA TGC TCT CA3 SEQ ID NO:39 

0263. Initiator Linker 1 (as): 

5' CGA CTG AGA GCA TCT CGA CCG AAT3' SEQ ID NO: 40 

0264. Initiation Linker 2 (s): 

s' GCG TTA. CTG AGC GTA GCT. CTG3' SEQ ID NO: 41 

0265. Initiator Linker 2 (as): 

SEQ ID NO: 42 
s' CTC. TCA GAG CTA CGC. TCA GTA ACG C3' 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS : 105 

<210 SEQ ID NO 1 
<211 LENGTH: 11 

24 
Mar. 6, 2008 

0266 Propagation Linker (s): 

5' TGC TGC AGG AGC GAA TCT CNN NNN3' SEQ ID NO: 43 

0267 Propagation Linker (as): 

s' GAG ATT CGC. TCC TGC AGC A3' SEQ ID NO:44 

0268 Labeling Linker 2 (s) 

5' CTC TTG CTA TAG TGA GTC GTA TTA3' SEQ ID No.: 45) 

0269 Labeling Linker 2 (as): 

5'TAA TAC GAC TCA CTA TAG CA3 SEQ ID NO: 46 

0270. Termination Linker 1 (s): 

SEQ ID NO.47 
5 AAG AGC TCA. GGT CAT TGA CGT AGC TAT GAA3 

0271 Termination Linker 1/2 (as): 

5 AGC TAC GTC AAT GAC CTG AG3 SEQ ID NO : 48 

0272 Termination Linker 1 (Short Version): 

5 AAG AGA TGA A3 SEQ ID NO: 49 

0273 Termination Linker 2 (s): 

SEQ ID NO : 50 
s' ACC GCT CAG GTC ATT GAC GTA GCT. TCA TT3' 

0274 Termination Linker 2 (Short Version): 

s' ACC GTC ATT3' 

0275. The efficiency of the trimming reaction may be 
accessed as follows. Overhang 6) is addressed with a Y-P 
labelled adaptor. The trimming reaction is then allowed to 
start from overhang 1). Aliquots are taken out at regularly 
time intervals and the size distribution of the DNA frag 
ments is then analysed on gel. 
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&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Adapter 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (8) ... (9) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 1 

ggcc cc cinna a 11 

<210 SEQ ID NO 2 
<211 LENGTH: 11 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Adapter 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (7) ... (9) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 2 

ggggcc.nnnc t 11 

<210 SEQ ID NO 3 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: BbvI overhang 

<4 OO SEQUENCE: 3 

cgagcgc.ctic cagtgcagcg gag 23 

<210 SEQ ID NO 4 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: BbvI overhang 

<4 OO SEQUENCE: 4 

tatic gcgc.ct C cagtgcagc ggag 24 

<210 SEQ ID NO 5 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: BbvI overhang 

<4 OO SEQUENCE: 5 

Ctctgcgc.ct C cagtgcagc ggag 24 

<210 SEQ ID NO 6 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: BbvI overhang 6 (delC) 

<4 OO SEQUENCE: 6 

Ctct ct cogc tigcactggag gcgc 24 
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<210 SEQ ID NO 7 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: BbvI overhang 7a 

<4 OO SEQUENCE: 7 

Caacgc.gc.ct C cagtgcagc ggag 24 

<210 SEQ ID NO 8 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: BbvI overhang 9b 

<4 OO SEQUENCE: 8 

ggtagcgc.ct C cagtgcagc ggag 24 

<210 SEQ ID NO 9 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Cloning site 1a 

<4 OO SEQUENCE: 9 

alaga.gctc.cg Ctgcactgga ggcgc 25 

<210 SEQ ID NO 10 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Cloning site 1b 

<4 OO SEQUENCE: 10 

Ctcttctic cq Ctgcactgga ggcgc 25 

<210 SEQ ID NO 11 
<211 LENGTH: 35 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Consensus binding motifs of the initiation 
linkers 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (24) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 11 

gcagcgacca tagtic canc ticningtggat gacgc 35 

<210 SEQ ID NO 12 
<211 LENGTH: 37 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (37) 
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<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 
DNA sequence from 3 2 to 37 is not palindromic. 

<4 OO SEQUENCE: 12 

gcagcgacca tagtic canc ticningtggat gnnnnnn 37 

<210 SEQ ID NO 13 
<211 LENGTH: 38 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (38) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 33 to 38 is not palindromic. 

<4 OO SEQUENCE: 13 

gcagcgacca tagtic canc ticningtggat gnnnnnnn 38 

<210 SEQ ID NO 14 
<211 LENGTH: 39 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAME/KEY: misc feature 
<222> LOCATION: (19) . . (39) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 34 to 39 is not palindromic. 

<4 OO SEQUENCE: 14 

gcagcgacca tagtic canc ticningtggat gnnnn.nnnn 39 

<210 SEQ ID NO 15 
<211 LENGTH: 4 O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (40) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 35 to 40 is not palindromic. 

<4 OO SEQUENCE: 15 

gcagcgacca tagtic canc ticningtggat gnnnn.nnnnn 4 O 

<210 SEQ ID NO 16 
<211 LENGTH: 41 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (41) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 36 to 41 is not palindromic. 

<4 OO SEQUENCE: 16 

gcagcgacca tagtic canc ticningtggat gacgc.nnnnn n 41 

Mar. 6, 2008 
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<210 SEQ ID NO 17 
<211 LENGTH: 42 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (42) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 37 to 42 is not palindromic. 

<4 OO SEQUENCE: 17 

gcagcgacca tagtic canc ticningtggat gacgc.nnnnn nin 42 

<210 SEQ ID NO 18 
<211 LENGTH: 43 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (43) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 38 to 43 is not palindromic. 

<4 OO SEQUENCE: 18 

gcagcgacca tagtic canc ticningtggat gacgc.nnnnn nnn 43 

<210 SEQ ID NO 19 
<211 LENGTH: 44 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (44) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 39 to 44 is not palindromic. 

<4 OO SEQUENCE: 19 

gcagcgacca tagtic canc ticningtggat gacgc.nnnnn nnnn 44 

<210 SEQ ID NO 2 O 
<211 LENGTH: 45 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (19) . . (45) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 4 O to 45 is not palindromic. 

<4 OO SEQUENCE: 2O 

gcagcgacca tagtic canc ticningtggat gacgc.nnnnn nnnnn 45 

<210 SEQ ID NO 21 
<211 LENGTH: 46 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
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<222> LOCATION: (19) . . (46) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

DNA sequence from 41 to 46 is not palindromic. 

<4 OO SEQUENCE: 21 

gcagcgacca tagtic canc ticningtggat gacgc.nnnnn nnnnnn 46 

<210 SEQ ID NO 22 
<211 LENGTH: 50 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 22 

taatacgact cactatacca caagtttgta caaaaaag.ca ggctic tatt c SO 

<210 SEQ ID NO 23 
<211 LENGTH: 56 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 23 

taggaagaat agagcctgct tttttgtaca aacttgttggit at agtgagtic gitatt a 56 

<210 SEQ ID NO 24 
<211 LENGTH: 45 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 24 

titcc tatgca gtggaccact ttgtacaaga aagctgggitt gcagt 45 

<210 SEQ ID NO 25 
<211 LENGTH: 45 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 25 

gcaact actg caa.cccagct ttcttgtaca aagtggit coa citgca 45 

<210 SEQ ID NO 26 
<211 LENGTH: 45 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 26 

agttgcttga cqccacaagt ttgtacaaaa aag caggctt tacg 45 

<210 SEQ ID NO 27 
<211 LENGTH: 45 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 
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<4 OO SEQUENCE: 27 

cgacatcqtc aaa.gc.ctgct ttitttgtaca aacttgttggc gtcaa 

<210 SEQ ID NO 28 
<211 LENGTH: 45 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 28 

atgtcgaagg gcggaccact ttgtacaaga aagctgggta agggc 

<210 SEQ ID NO 29 
<211 LENGTH: 45 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 29 

gacaggg.ccc ttacccagct ttcttgtaca aagtggit cog ccc.tt 

<210 SEQ ID NO 3 O 
<211 LENGTH: 58 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 30 

cctgtcatgt gigaccactitt gtacaagaaa gotgggitttc tatagtgtca cctaaatc 

<210 SEQ ID NO 31 
<211 LENGTH: 52 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 31 

gatttaggtg acactataga aacccagott tottgtacaa agtgg to cac at 

<210 SEQ ID NO 32 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 32 

taatacgact cactatacca 

<210 SEQ ID NO 33 
<211 LENGTH: 17 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 33 

taatacgact cactata 

45 

45 

45 

58 

52 

17 
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<210 SEQ ID NO 34 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO SEQUENCE: 34 

aagatat cac agtggattta g 

<210 SEQ ID NO 35 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fragment chain 2 terminal 

<4 OO SEQUENCE: 35 

ttctatagtg to acctaaat c 

<210 SEQ ID NO 36 
<211 LENGTH: 46 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: Primer 

<4 OO SEQUENCE: 36 

t caacggcaa cct acatgac catc.cgattt aggtgacact atagaa 

<210 SEQ ID NO 37 
<211 LENGTH: 47 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: Primer 

<4 OO SEQUENCE: 37 

gtcatgtagg ttgcc.gttga t coat cottaa tacgact cac tatagca 

<210 SEQ ID NO 38 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fragment chain 3 terminal 

<4 OO SEQUENCE: 38 

tgctatagtg agt cqt atta 

<210 SEQ ID NO 39 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Initiation linker 1 (S) 

<4 OO SEQUENCE: 39 

attcggtcga gatgct ct ca 

<210 SEQ ID NO 4 O 
<211 LENGTH: 24 
&212> TYPE: DNA 

21 

21 

46 

47 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Initiation linker 1 (as 

<4 OO SEQUENCE: 40 

cgactgagag Catctoga cc gaat 24 

<210 SEQ ID NO 41 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 2 

<4 OO SEQUENCE: 41 

gcgttactga gcgtagct ct g 21 

<210 SEQ ID NO 42 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Initiation linker 2 (as 

<4 OO SEQUENCE: 42 

citct cagagc tacgct cagt aacgc 25 

<210 SEQ ID NO 43 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Propagation linker (s) 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (2O) . . (24) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 43 

tgctgcagga gcgaatct Cn nnnn 24 

<210 SEQ ID NO 44 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Propagation linker (as ) 

<4 OO SEQUENCE: 44 

gagatt.cgct cctgcagda 19 

<210 SEQ ID NO 45 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Labelling linker 2 (s) 

<4 OO SEQUENCE: 45 

citcttgctat agtgagtc.gt atta 24 

<210 SEQ ID NO 46 
<211 LENGTH: 2O 
&212> TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
FEATURE: 

<223> OTHER INFORMATION: Labelling linker 2 (as) 

SEQUENCE: 46 

taatacgact cactatagca 

SEO ID NO 47 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Termination linker 1 (s 

SEQUENCE: 47 

alaga.gcticag gtcattgacg tagctatgaa 

SEQ ID NO 48 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Termination linker 1/2 (as) 

SEQUENCE: 48 

agctacgt.ca atgacctgag 

SEQ ID NO 49 
LENGTH: 10 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Termination linker 1 (short version) 

SEQUENCE: 49 

aagagatgaa 

SEO ID NO 5 O 
LENGTH: 29 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Termination linker 2 (s 

SEQUENCE: 5 O 

accoct cagg to attgacgt agctt catt 

SEO ID NO 51 
LENGTH: 11 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 51 

ggggggggala a 

SEO ID NO 52 
LENGTH: 11 
TYPE: DNA 

O starting fragment, position 1 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: O starting fragment, position 2 

3 O 

10 

29 

11 
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<4 OO SEQUENCE: 52 

ggggggggala C 11 

<210 SEQ ID NO 53 
<211 LENGTH: 12 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: O starting fragment, position 2 

<4 OO SEQUENCE: 53 

cc cc cc cc ct tt 12 

<210 SEQ ID NO 54 
<211 LENGTH: 10 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: 1 starting fragment, position 2 

<4 OO SEQUENCE: 54 

aaaaaaaaac 10 

<210 SEQ ID NO 55 
<211 LENGTH: 11 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: O starting fragment, position 7 

<4 OO SEQUENCE: 55 

99999999CC 9 11 

<210 SEQ ID NO 56 
<211 LENGTH: 12 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: O starting fragment, position 7 

<4 OO SEQUENCE: 56 

cc.ccc.ccc.cg cq 12 

<210 SEQ ID NO 57 
<211 LENGTH: 10 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: 1 starting fragment, position 7 

<4 OO SEQUENCE: 57 

aaaaaaac cq 10 

<210 SEQ ID NO 58 
<211 LENGTH: 11 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: 1 starting fragment, position 7 

<4 OO SEQUENCE: 58 

tttitttittgc g 11 
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SEO ID NO 59 
LENGTH: 12 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

35 

- Continued 

OTHER INFORMATION: O starting fragment, position 8 

SEQUENCE: 59 

cc.ccc.ccc cc gg 

SEQ ID NO 60 
LENGTH: 11 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 1 starting fragment, position 8 

SEQUENCE: 6 O 

tttitttitt cq g 

SEQ ID NO 61 
LENGTH: 14 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Fragment O, position 1.2 

SEQUENCE: 61 

aaaggggggg gaala 

SEQ ID NO 62 
LENGTH: 13 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Fragment 1, position 1.3 

SEQUENCE: 62 

aacaaaaaaa aaa. 

SEQ ID NO 63 
LENGTH: 14 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Fragment O, position 8.1 

SEQUENCE: 63 

tttccccccc ccc.g 

SEQ ID NO 64 
LENGTH: 13 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Fragment 1, position 8.1 

SEQUENCE: 64 

ttttittttitt tog 

SEO ID NO 65 
LENGTH: 14 
TYPE: DNA 

12 

11 

14 

13 

14 

13 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fragment O, position 8.2 

<4 OO SEQUENCE: 65 

gttc.ccc.ccc ccc.g 14 

<210 SEQ ID NO 66 
<211 LENGTH: 13 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fragment 1, position 8.2 

<4 OO SEQUENCE: 66 

gtttittttitt tog 13 

<210 SEQ ID NO 67 
<211 LENGTH: 14 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fragment O, position 8.3 

<4 OO SEQUENCE: 67 

cittccccccc ccc.g 14 

<210 SEQ ID NO 68 
<211 LENGTH: 13 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fragment 1, position 8.3 

<4 OO SEQUENCE: 68 

citttittttitt tog 13 

<210 SEQ ID NO 69 
<211 LENGTH: 31 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (8) ... (13) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 69 

catcCacning agntggactic atggit cqctg. C 31 

<210 SEQ ID NO 70 
<211 LENGTH: 32 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (14) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 7 O 

nicatcCacnn gagntggact catggtc.gct gc 32 
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<210 SEQ ID NO 71 
<211 LENGTH: 33 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (15) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 71 

nncatcCacn ngagntggac to atggtc.gc tigc 

<210 SEQ ID NO 72 
<211 LENGTH: 34 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (16) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 72 

ninncatccac inngagntgga ct catggit cq Ctgc 

<210 SEQ ID NO 73 
<211 LENGTH: 35 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (12) ... (17) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 73 

gcgt catcca cinngagntgg act catggtc gctgc 

<210 SEQ ID NO 74 
<211 LENGTH: 36 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (18) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 74 

ngcgtcatCc acnngagntg gact catggit cqctgc 

<210 SEQ ID NO 75 
<211 LENGTH: 37 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (19) 
<223> OTHER INFORMATION: N is any nucleotide. 

37 

- Continued 

33 

34 

35 

36 
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<4 OO SEQUENCE: 75 

ningcgt catc Cacnngagint ggact catgg togctgc 37 

<210 SEQ ID NO 76 
<211 LENGTH: 38 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (2O) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 76 

nnngcgt.cat C cacnngagn tact catg gtc.gctgc 38 

<210 SEO ID NO 77 
<211 LENGTH: 39 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (21) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 Oos SEQUENCE: 77 

nnnngcgt.ca t cc acnngag intggact cat ggtcgctgc 39 

<210 SEQ ID NO 78 
<211 LENGTH: 4 O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Initiation linker 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (22) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 78 

nnnnngcgt.c atcCacninga gntggactica titcgctgc 4 O 

<210 SEQ ID NO 79 
<211 LENGTH: 10 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Propagation linker HgaI 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (5) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 79 

nnnnngcgt.c 10 

<210 SEQ ID NO 8O 
<211 LENGTH: 32 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: Gene A from PHIX174 
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<4 OO SEQUENCE: 80 

gctggaggcc ticcact atga aatcgcgtag ag 32 

<210 SEQ ID NO 81 
<211 LENGTH: 28 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: Gene A from PHIX174 

<4 OO SEQUENCE: 81 

Ctggcggaaa atgagaaaat it caccta 28 

<210 SEQ ID NO 82 
<211 LENGTH: 13 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Recognition motif of the N-terminal part of 
the hsdS subunit of StyR 1241 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (4) ... (9) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 82 

gaannnnnnr tcg 13 

<210 SEQ ID NO 83 
<211 LENGTH: 14 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Recognition motif of the C-terminal part of 
the hsdS subunit of StyR 1241 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (4) . . (10) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 83 

toannnnnnn rtt C 14 

<210 SEQ ID NO 84 
<211 LENGTH: 13 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Recognition motif of a new enzyme made by 
merging the N- and C-terminal parts of the hsdS subunit of StyR 
1241 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (4) ... (9) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 84 

gaannnnnnr titc 13 

<210 SEQ ID NO 85 
<211 LENGTH: 4 O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Ligated initiation linker 
&220s FEATURE: 
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<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (22) 
<223> OTHER INFORMATION: N is any nucleotide with the proviso that the 

sequence from 1 to 6 is complemantary to the sequence from 40 to 
35 of SEO ID NO : 15. 

<4 OO SEQUENCE: 85 

nnnnnnnnnc atccacnnga gntgg actica tdgtc.gctgc 

<210 SEQ ID NO 86 
<211 LENGTH: 47 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of sequences that generate 5' - 4 
base overhangs by Bbs I and Esp3I 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (47) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 86 

nnnnnnnnga gcngagacgn nnnnngaaga cinngagcnnn nnnnnnn 

<210 SEQ ID NO 87 
<211 LENGTH: 47 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of sequences that generate 5' - 4 
base overhangs by Bbs I and Esp3I 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (47) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 87 

nnnnnnnnnn got cningtot tonnnnn.ncg tot cngct cn nnnnnnn 

<210 SEQ ID NO 88 
<211 LENGTH: 29 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of 5' - 4 base overhangs generated 
by Bbs I and Esp3I cleavage 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (5) ... (25) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 88 

gagging agac ginnnnnngaia gacinngagc 

<210 SEQ ID NO 89 
<211 LENGTH: 25 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of 5' - 4 base overhangs generated 
by Bbs I and Esp3I cleavage 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (5) ... (25) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 89 

4 O 

47 

47 

29 
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gct cningtot tonnnnn.ncg tct cn 25 

<210 SEQ ID NO 90 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of ligation products between 5' - 4 
base overhangs gene rated by Bbs I and Esp3I cleavage 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (22) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 9 O 

nnnnnnnnga gcnn.nnnnnn nn 22 

<210 SEQ ID NO 91 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of ligation products between 5' - 4 
base overhangs gene rated by Bbs I and Esp3I cleavage 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (22) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 91 

nnnnnnnnnn got cnn.nnnn nn 22 

<210 SEQ ID NO 92 
<211 LENGTH: 51 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of sequences that generate two 3' 
3 base overhangs by BSaxI 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (51) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 92 

nnnnnnnnga gnnnnnnnnn acnnnnnct c Cnnnnnnnga gnnnnnnnnn n 51 

<210 SEQ ID NO 93 
<211 LENGTH: 51 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of sequences that generate two 3' 
3 base overhangs by BSaxI 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (51) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 93 

nnnnnnnnnn citcnn.nnnnn ggagnnnnng trannnnnnnn citcnn.nnnnn n 51 

<210 SEQ ID NO 94 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
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<223> OTHER INFORMATION: An example of 3' 3 base overhangs generated 
by BsaXI cleavage 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (27) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 94 

nnnnnnnnna cnn.nnnct col nnnnnnngag 3 O 

<210 SEQ ID NO 95 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of 3' 3 base overhangs generated 
by BsaXI cleavage 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (27) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 95 

nnnnnnngga gnnnnngtnin nnnnnnnct c 3 O 

<210 SEQ ID NO 96 
<211 LENGTH: 44 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of sequences that generated blunt 
ends by MlyI 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (44) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 96 

nnnngagt cn 44 

<210 SEQ ID NO 97 
<211 LENGTH: 26 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: An example of 3' 3 base overhangs generated 
by MlyI cleavage 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (1) ... (26) 
<223> OTHER INFORMATION: N is any nucleotide. 

<4 OO SEQUENCE: 97 

nnnnnnnnnn nnnnnngagt cnnnnn 26 

<210 SEQ ID NO 98 
<211 LENGTH: 30 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: Gene A from PHIX174 

<4 OO SEQUENCE: 98 

Ctacgcgatt tdatagtgga ggcct coagc 3 O 

<210 SEQ ID NO 99 
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LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Gene A. from PHIX174 

SEQUENCE: 99 

ggtcgaattt tot catttitc cqc.ca.gca 

SEQ ID NO 100 
LENGTH: 10 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

43 

- Continued 

OTHER INFORMATION: 1 starting fragment, position 1 

SEQUENCE: 1.OO 

aaaaaaaaaa. 

SEQ ID NO 101 
LENGTH: 11 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 1 starting fragment, position 2 

SEQUENCE: 101 

ttitt tttittt t 

SEQ ID NO 102 
LENGTH: 13 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Fragment 1, position 1.2 

SEQUENCE: 1 O2 

aaaaaaaaaa aaa. 

SEQ ID NO 103 
LENGTH: 14 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Fragment O, position 1.3 

SEQUENCE: 103 

aacggggggg gaala 

SEQ ID NO 104 
LENGTH: 14 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Fragment O, position 8.3 

SEQUENCE: 104 

cittccccccc ccc.g 

SEO ID NO 105 
LENGTH: 13 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

28 

10 

11 

13 

14 

14 
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<223> OTHER INFORMATION: Fragment 1, position 8.3 

<4 OO SEQUENCE: 105 

citttittttitt tog 13 

1. A method of synthesizing a double stranded nucleic 3) optionally ligating said complementary pairs simulta 
acid molecule comprising at least the steps of neously or consecutively to produce a nucleic acid 

1) generating n double stranded nucleic acid fragments, molecule consisting of n fragments, 
wherein at least n-2 fragments have single stranded wherein said fragment comprises a region representing a 
regions at both termini and 2 fragments have single unit of information corresponding to one or more code 
stranded regions at least one terminus, wherein (n-1) elements and each of said one or more code elements 
single stranded regions are complementary to (n-1) has the formula 
other single stranded regions, thereby producing (n-1) (X) 
complementary pairs, s 

Wherein 
2) contacting said in double stranded nucleic acid frag 

ments, simultaneously or consecutively, to effect bind- X is a nucleotide A, T, G, C or a derivative thereof which 
ing of said complementary pairs of single Stranded allows complementary binding and may be the same or 
regions, and different at each position, and 

3) optionally ligating said complementary pairs simulta- a is an integer from 4 to 10, 
neously or consecutively to produce a nucleic acid wherein (x) is different from each one or more code 
molecule consisting of n fragments, elements. 

wherein said fragment comprises a region representing a 4. A method as claimed in claim 3 wherein said code is 
unit of information corresponding to one or more code alphanumeric. 
elements and said code is alphanumeric. 5. A method as claimed in claim 3 wherein said code is 

2. A method of synthesizing a double stranded nucleic binary. 
acid molecule comprising at least the steps of 

1) generating n double stranded nucleic acid fragments, 
wherein at least n-2 fragments have single stranded 
regions at both termini and 2 fragments have single 
stranded regions at least one terminus, wherein (n-1) 
single stranded regions are complementary to (n-1) 
other single stranded regions, thereby producing (n-1) 
complementary pairs, 

2) contacting said in double stranded nucleic acid frag 
ments, simultaneously or consecutively, to effect bind 
ing of said complementary pairs of single Stranded 
regions, and 

3) optionally ligating said complementary pairs simulta 
neously or consecutively to produce a nucleic acid 
molecule consisting of n fragments, 

wherein said fragment comprises a region representing a 
unit of information corresponding to one or more code 
elements and said code is binary. 

3. A method of synthesizing a double stranded nucleic 
acid molecule comprising at least the steps of 

1) generating n double stranded nucleic acid fragments, 
wherein at least n-2 fragments have single stranded 
regions at both termini and 2 fragments have single 
stranded regions at lest one terminus, wherein (n-1) 
single stranded regions are complementary to (n-1) 
other single stranded regions, thereby producing (n-1) 
complementary pairs, 

2) contacting said in double stranded nucleic acid frag 
ments, simultaneously or consecutively, to effect bind 
ing of said complementary pairs of single Stranded 
regions, and 

6. A method as claimed in claim 5, wherein said code is 
binary and the code elements “1” and “0” have the formulae: 

wherein 

(X) and (Y) are not identical, 
X and Y are each a nucleotide A, T, G, C or a derivative 

thereof which allows complementary binding and may 
be the same or different at each position, and 

a and b are integers from 4 to 10. 
7. A method as claimed in claim 6 wherein in the formulae 

(X) and (Y), X and Y are the same at each position. 
8. A method as claimed in claim 1, 2 or 3 wherein said 

fragments are each between 8 and 25 bases in length. 
9. A method as claimed in claim 1, 2 or 3 wherein n is at 

least 10. 
10. A method of synthesizing a double stranded nucleic 

acid molecule comprising at least the steps of 
1) generating fragment chains according to the method 

defined in claim 1, 2 or 3: 
2) optionally generating single stranded regions at the end 

of said fragment chains, wherein said single Stranded 
regions are complementary to the single Stranded 
regions on said fragment chains thus forming comple 
mentary pairs of single stranded regions; 

3) contacting said fragment chains with one another, 
simultaneously or consecutively, to effect binding of 
said complementary pairs of single Stranded regions. 

11. A nucleic acid molecule produced according to a 
method as defined in claim 1, 2 or 3, or a single stranded 
nucleic acid molecule thereof. 



US 2008/0057546 A1 

12. A method of identifying the code elements contained 
in a nucleic acid molecule prepared according to a method 
as defined in claim 1, 2 or 3, wherein a probe, carrying a 
signaling means, specific to one or more code elements, is 
bound to said nucleic acid molecule and a signal generated 
by said signalling means is detected, whereby said one or 
more code elements may be identified. 

13. A library of fragments as defined in claim 1, 2 or 3, 
comprising (n) m fragments, wherein n is as defined in claim 
1, 2 or 3 and corresponds to the length of chain that said 
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library may produce, and m is an integer corresponding to 
the number of possible code elements or combinations 
thereof. Such that fragments corresponding to all possible 
code elements for each position in the final chain are 
provided. 

14. A kit for synthesizing a double stranded nucleic acid 
molecule comprising a library as defined in claim 13 and a 
ligase. 


