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METHODS FOR SYNTHESIS OF ENCODED 
LIBRARIES 

RELATED APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent application Ser. No. 11/906,939 filed Oct. 4, 
2007, which is a divisional of U.S. patent application Ser. No. 
11/015,458 filed Dec. 17, 2004, which claims priority to U.S. 
Provisional Patent Application Ser. No. 60/.530,854, filed on 
Dec. 17, 2003: U.S. Provisional Patent Application Ser. No. 
60/540,681, filed on Jan. 30, 2004; U.S. Provisional Patent 
Application Ser. No. 60/553,715 filed Mar. 15, 2004; and U.S. 
Provisional Patent Application Ser. No. 60/588,672 filed Jul. 
16, 2004. The entire contents of each of the foregoing appli 
cations are incorporated herein by reference. 

SEQUENCE LISTING 
0002 The instant application contains a Sequence Listing 
which has been submitted via EFS-Web and is hereby incor 
porated by reference in its entirety. Said ASCII copy, created 
on Feb. 8, 2011, is named SequenceListing..txt, and is 308.650 
bytes in size. 

BACKGROUND OF THE INVENTION 

0003. The search for more efficient methods of identifying 
compounds having useful biological activities has led to the 
development of methods for screening vast numbers of dis 
tinct compounds, present in collections referred to as combi 
natorial libraries. Such libraries can include 10 or more dis 
tinct compounds. A variety of methods exist for producing 
combinatorial libraries, and combinatorial syntheses of pep 
tides, peptidomimetics and Small organic molecules have 
been reported. 
0004. The two major challenges in the use of combinato 

rial approaches in drug discovery are the synthesis of libraries 
of sufficient complexity and the identification of molecules 
which are active in the screens used. It is generally acknowl 
edged that greater the degree of complexity of a library, i.e., 
the number of distinct structures present in the library, the 
greater the probability that the library contains molecules 
with the activity of interest. Therefore, the chemistry 
employed in library synthesis must be capable of producing 
vast numbers of compounds within a reasonable time frame. 
However, for a given formal or overall concentration, increas 
ing the number of distinct members within the library lowers 
the concentration of any particular library member. This com 
plicates the identification of active molecules from high com 
plexity libraries. 
0005 One approach to overcoming these obstacles has 
been the development of encoded libraries, and particularly 
libraries in which each compound includes an amplifiable tag. 
Such libraries include DNA-encoded libraries, in which a 
DNA tag identifying a library member can be amplified using 
techniques of molecular biology, Such as the polymerase 
chain reaction. However, the use of such methods for produc 
ing very large libraries is yet to be demonstrated, and it is clear 
that improved methods for producing such libraries are 
required for the realization of the potential of this approach to 
drug discovery. 

SUMMARY OF THE INVENTION 

0006. The present invention provides a method of synthe 
sizing libraries of molecules which include an encoding oli 
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gonucleotide tag. The method utilizes a “split and pool' strat 
egy in which a solution comprising an initiator, comprising a 
first building block linked to an encoding oligonucleotide, is 
divided (“split) into multiple fractions. In each fraction, the 
initiator is reacted with a second, unique, building block and 
a second, unique oligonucleotide which identifies the second 
building block. These reactions can be simultaneous or 
sequential and, if sequential, either reaction can precede the 
other. The dimeric molecules produced in each of the frac 
tions are combined (“pooled') and then divided again into 
multiple fractions. Each of these fractions is then reacted with 
a third unique (fraction-specific) building block and a third 
unique oligonucleotide which encodes the building block. 
The number of unique molecules present in the product 
library is a function of (1) the number of different building 
blocks used at each step of the synthesis, and (2) the number 
of times the pooling and dividing process is repeated. 
0007. In one embodiment, the invention provides a 
method of synthesizing a molecule comprising or consisting 
of a functional moiety which is operatively linked to an 
encoding oligonucleotide. The method includes the steps of 
(1) providing an initiator compound consisting of a functional 
moiety comprising n building blocks, where n is an integer of 
1 or greater, wherein the functional moiety comprises at least 
one reactive group and wherein the functional moiety is 
operatively linked to an initial oligonucleotide; (2) reacting 
the initiator compound with a building block comprising at 
least one complementary reactive group, wherein the at least 
one complementary reactive group is complementary to the 
reactive group of step (1), under Suitable conditions for reac 
tion of the reactive group and the complementary reactive 
group to form a covalent bond; (3) reacting the initial oligo 
nucleotide with an incoming oligonucleotide which identifies 
the building block of step (b) in the presence of an enzyme 
which catalyzes ligation of the initial oligonucleotide and the 
incoming oligonucleotide, under conditions Suitable for liga 
tion of the incoming oligonucleotide and the initial oligo 
nucleotide, thereby producing a molecule which comprises or 
consists of a functional moiety comprising n+1 building 
blocks which is operatively linked to an encoding oligonucle 
otide. If the functional moiety of step (3) comprises a reactive 
group, steps 1-3 can repeated one or more times, thereby 
forming cycles 1 to i, where i is an integer of 2 or greater, with 
the product of step (3) of a cycles, where S is an integer of i-1 
or less, becoming the initiator compound of cycle S+1. 
0008. In one embodiment, the invention provides a 
method of synthesizing a library of compounds, wherein the 
compounds comprise a functional moiety comprising two or 
more building blocks which is operatively linked to an oligo 
nucleotide which identifies the structure of the functional 
moiety. The method comprises the steps of (1) providing a 
Solution comprising m initiator compounds, wherein m is an 
integer of 1 or greater, where the initiator compounds consist 
of a functional moiety comprising n building blocks, where n 
is an integer of 1 or greater, which is operatively linked to an 
initial oligonucleotide which identifies then building blocks: 
(2) dividing the solution of step (1) into r fractions, wherein r 
is an integer of 2 or greater; (3) reacting the initiator com 
pounds in each fraction with one ofr building blocks, thereby 
producing r fractions comprising compounds consisting of a 
functional moiety comprising n+1 building blocks opera 
tively linked to the initial oligonucleotide; (4) reacting the 
initial oligonucleotide in each fraction with one of a set of r 
distinct incoming oligonucleotides in the presence of an 
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enzyme which catalyzes the ligation of the incoming oligo 
nucleotide and the initial oligonucleotide, under conditions 
Suitable for enzymatic ligation of the incoming oligonucle 
otide and the initial oligonucleotide, thereby producing r 
aliquots comprising molecules consisting of a functional 
moiety comprising n+1 building blocks operatively linked to 
an elongated oligonucleotide which encodes the n+1 building 
blocks. Optionally, the method can further include the step of 
(5) recombining the r fractions produced in step (4), thereby 
producing a solution comprising compounds consisting of a 
functional moiety comprising n+1 building blocks, which is 
operatively linked to an elongated oligonucleotide. Steps (1) 
to (5) can be conducted one or more times to yield cycles 1 to 
i, where i is an integer of 2 or greater. In cycle S+1, where S is 
an integer of i-1 or less, the Solution comprising m initiator 
compounds of step (1) is the Solution of step (5) of cycle S. 
Likewise, the initiator compounds of step (1) of cycle S+1 are 
the compounds of step (5) of cycle S. 
0009. In a preferred embodiment, the building blocks are 
coupled in each step using conventional chemical reactions. 
The building blocks can be coupled to produce linear or 
branched polymers or oligomers, such as peptides, peptido 
mimetics, and peptoids, or non-oligomeric molecules. Such 
as molecules comprising a scaffold structure to which is 
attached one or more additional chemical moieties. For 
example, if the building blocks are amino acid residues, the 
building blocks can be coupled using standard peptide Syn 
thesis strategies, such as Solution-phase or solid phase Syn 
thesis using suitable protection/deprotection strategies as are 
known in the field. Preferably, the building blocks are coupled 
using solution phase chemistry. The encoding oligonucle 
otides are single stranded or double stranded oligonucle 
otides, preferably double-stranded oligonucleotides. The 
encoding oligonucleotides are preferably oligonucleotides of 
4 to 12 bases or base pairs per building block; the encoding 
oligonucleotides can be coupled using standard Solution 
phase or Solid phase oligonucleotide synthetic methodology, 
but are preferably coupled using a solution phase enzymatic 
process. For example, the oligonucleotides can be coupled 
using a topoisomerase, a ligase, or a DNA polymerase, if the 
sequence of the encoding oligonucleotides includes an initia 
tion sequence for ligation by one of these enzymes. Enzy 
matic coupling of the encoding oligonucleotides offers the 
advantages of (1) greater accuracy of addition compared to 
standard synthetic (non-enzymatic) coupling; and (2) the use 
of a simpler protection/deprotection strategy. 
0010. In another aspect, the invention provides com 
pounds of Formula I: 

(I) 

where X is a functional moiety comprising one or more build 
ing blocks; Z is an oligonucleotide attached at its 3' terminus 
to B;Y is an oligonucleotide which is attached at its 5' termi 
nus to C.; A is a functional group that forms a covalent bond 
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with X; B is a functional group that forms a bond with the 
3'-end of Z; C is a functional group that forms a bond with the 
5'-end of Y; D, F and E are each, independently, a bifunctional 
linking group; and San atom or a molecular scaffold. Such 
compounds include those which are synthesized using the 
methods of the invention. 
0011. The invention further relates to a compound library 
comprising compounds comprising a functional moiety com 
prising two or more building blocks which is operatively 
linked to an oligonucleotide which encodes the structure of 
the functional moiety. Such libraries can comprise from about 
10 to about 10" or more distinct members, for example, 10°. 
10, 10, 10, 10°, 107, 10, 10, 10", 10'', 10"? or more 
distinct members, i.e., distinct molecular structures. 
0012. In one embodiment, the compound library com 
prises compounds which are each independently of Formula 
I: 

(I) 

where X is a functional moiety comprising one or more build 
ing blocks; Z is an oligonucleotide attached at its 3' terminus 
to B;Y is an oligonucleotide which is attached at its 5' termi 
nus to C.; A is a functional group that forms a covalent bond 
with X; B is a functional group that forms a bond with the 
3'-end of Z; C is a functional group that forms a bond with the 
5'-end of Y; D, F and E are each, independently, a bifunctional 
linking group; and San atom or a molecular scaffold. Such 
libraries include those which are synthesized using the meth 
ods of the invention. 
0013. In another aspect, the invention provides a method 
for identifying a compound which binds to a biological target, 
said method comprising the steps of: (a) contacting the bio 
logical target with a compound library of the invention, where 
the compound library includes compounds which comprise a 
functional moiety comprising two or more building blocks 
which is operatively linked to an oligonucleotide which 
encodes the structure of the functional moiety. This step is 
conducted under conditions suitable for at least one member 
of the compound library to bind to the target; (2) removing 
library members that do not bind to the target; (3) amplifying 
the encoding oligonucleotides of the at least one member of 
the compound library which binds to the target; (4) sequenc 
ing the encoding oligonucleotides of step (3); and using the 
sequences determined in step (5) to determine the structure of 
the functional moieties of the members of the compound 
library which bind to the biological target. 
0014. The present invention provides several advantages 
in the identification of molecules having a desired property. 
For example, the methods of the invention allow the use of a 
range of chemical reactions for constructing the molecules in 
the presence of the oligonucleotide tag. The methods of the 
invention also provide a high-fidelity means of incorporating 
oligonucleotide tags into the chemical structures so pro 
duced. Further, they enable the synthesis of libraries having a 
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large number of copies of each member, thereby allowing 
multiple rounds of selection against a biological target while 
leaving a sufficient number of molecules following the final 
round for amplification and sequence of the oligonucleotide 
tags. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a schematic representation of ligation of 
double stranded oligonucleotides, in which the initial oligo 
nucleotide has an overhang which is complementary to the 
overhang of the incoming oligonucleotide. The initial Strand 
is represented as either free, conjugated to an aminohexyl 
linker or conjugated to a phenylalanine residue via an ami 
nohexyl linker. FIG. 1 discloses SEQ ID NOS:896-901, 
respectively, in order of appearance. 
0016 FIG. 2 is a schematic representation of oligonucle 
otide ligation using a splint Strand. In this embodiment, the 
splint is a 12-mer oligonucleotide with sequences comple 
mentary to the single-stranded initial oligonucleotide and the 
single-stranded incoming oligonucleotide. 
0017 FIG.3 is a schematic representation of ligation of an 

initial oligonucleotide and an incoming oligonucleotide, 
when the initial oligonucleotide is double-stranded with 
covalently linked strands, and the incoming oligonucleotide 
is double-stranded. 
0018 FIG. 4 is a schematic representation of oligonucle 
otide elongation using a polymerase. The initial strand is 
represented as either free, conjugated to an aminohexyl linker 
or conjugated to a phenylalanine residue via an aminohexyl 
linker. FIG. 4 discloses SEQID NOS:896, 902,903, and 904, 
respectively, in order of appearance. 
0019 FIG. 5 is a schematic representation of the synthesis 
cycle of one embodiment of the invention. 
0020 FIG. 6 is a schematic representation of a multiple 
round selection process using the libraries of the invention. 
0021 FIG. 7 is a gel resulting from electrophoresis of the 
products of each of cycles 1 to 5 described in Example 1 and 
following ligation of the closing primer. Molecular weight 
standards are shown in lane 1, and the indicated quantities of 
a hyperladder, for DNA quantitation, are shown in lanes 9 to 
12. 

0022 FIG. 8 is a schematic depiction of the coupling of 
building blocks using azide-alkyne cycloaddition. 
0023 FIGS. 9 and 10 illustrate the coupling of building 
blockS via nucleophilic aromatic Substitution on a chlorinated 
triazine. 

0024 FIG. 11 shows representative chlorinated heteroaro 
matic structures suitable for use in the synthesis of functional 
moieties. 

0025 FIG. 12 illustrates the cyclization of a linear peptide 
using the azide/alkyne cycloaddition reaction. 
0026 FIG.13a is a chromatogram of the library produced 
as described in Example 2 following Cycle 4. 
0027 FIG. 13b is a mass spectrum of the library produced 
as described in Example 2 following Cycle 4. 

DETAILED DESCRIPTION OF THE INVENTION 

0028. The present invention relates to methods of produc 
ing compounds and combinatorial compound libraries, the 
compounds and libraries produced via the methods of the 
invention, and methods of using the libraries to identify com 
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pounds having a desired property, Such as a desired biological 
activity. The invention further relates to the compounds iden 
tified using these methods. 
0029. A variety of approaches have been taken to produce 
and screen combinatorial chemical libraries. Examples 
include methods in which the individual members of the 
library are physically separated from each other, such as when 
a single compound is synthesized in each of a multitude of 
reaction vessels. However, these libraries are typically 
screened one compound at a time, or at most, several com 
pounds at a time and do not, therefore, result in the most 
efficient screening process. In other methods, compounds are 
synthesized on Solid Supports. Such solid Supports include 
chips in which specific compounds occupy specific regions of 
the chip or membrane (“position addressable'). In other 
methods, compounds are synthesized on beads, with each 
bead containing a different chemical structure. 
0030 Two difficulties that arise in screening large libraries 
are (1) the number of distinct compounds that can be 
screened; and (2) the identification of compounds which are 
active in the screen. In one method, the compounds which are 
active in the screen are identified by narrowing the original 
library into ever smaller fractions and subfractions, in each 
case selecting the fraction or Subfraction which contains 
active compounds and further Subdividing until attaining an 
active subfraction which contains a set of compounds which 
is sufficiently small that all members of the subset can be 
individually synthesized and assessed for the desired activity. 
This is a tedious and time consuming activity. 
0031. Another method of deconvoluting the results of a 
combinatorial library screen is to utilize libraries in which the 
library members are tagged with an identifying label, that is, 
each label present in the library is associated with a discreet 
compound structure present in the library, Such that identifi 
cation of the label tells the structure of the tagged molecule. 
One approach to tagged libraries utilizes oligonucleotide 
tags, as described, for example, in U.S. Pat. Nos. 5,573,905; 
5,708,153; 5,723,598, 6,060,596 published PCT applications 
WO 93/06121; WO93/20242: WO94/13623; WO00/23458: 
WO 02/074929 and WO 02/103008, and by Brenner and 
Lerner (Proc. Natl. Acad. Sci. USA 89, 5381-5383 (1992); 
Nielsen and Janda (Methods. A Companion to Methods in 
Enzymology 6, 361-371 (1994); and Nielsen, Brenner and 
Janda (J. Am. Chem. Soc. 115, 9812-9813 (1993)), each of 
which is incorporated herein by reference in its entirety. Such 
tags can be amplified, using for example, polymerase chain 
reaction, to produce many copies of the tag and identify the 
tag by sequencing. The sequence of the tag then identifies the 
structure of the binding molecule, which can be synthesized 
in pure form and tested. To date, there has been no report of 
the use of the methodology disclosed by Lerner et al. to 
prepare large libraries. The present invention provides an 
improvement in methods to produce DNA-encoded libraries, 
as well as the first examples of large (10 members or greater) 
libraries of DNA-encoded molecules in which the functional 
moiety is synthesized using solution phase synthetic meth 
ods. 

0032. The present invention provides methods which 
enable facile synthesis of oligonucleotide-encoded combina 
torial libraries, and permit an efficient, high-fidelity means of 
adding Such an oligonucleotide tag to each member of a vast 
collection of molecules. 

0033. The methods of the invention include methods for 
synthesizing bifunctional molecules which comprise a first 
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moiety (“functional moiety') which is made up of building 
blocks, and a second moiety operatively linked to the first 
moiety, comprising an oligonucleotide tag which identifies 
the structure of the first moiety, i.e., the oligonucleotide tag 
indicates which building blocks were used in the construction 
of the first moiety, as well as the order in which the building 
blocks were linked. Generally, the information provided by 
the oligonucleotide tag is Sufficient to determine the building 
blocks used to construct the active moiety. In certain embodi 
ments, the sequence of the oligonucleotide tag is sufficient to 
determine the arrangement of the building blocks in the func 
tional moiety, for example, for peptidic moieties, the amino 
acid sequence. 
0034. The term “functional moiety” as used herein, refers 
to a chemical moiety comprising one or more building blocks. 
Preferably, the building blocks in the functional moiety are 
not nucleic acids. The functional moiety can be a linear or 
branched or cyclic polymer or oligomer or a Small organic 
molecule. 
0035. The term “building block', as used herein, is a 
chemical structural unit which is linked to other chemical 
structural units or can be linked to other such units. When the 
functional moiety is polymeric or oligomeric, the building 
blocks are the monomeric units of the polymer or oligomer. 
Building blocks can also include a scaffold structure (“scaf 
fold building block') to which is, or can be, attached one or 
more additional structures (“peripheral building blocks”). 
0036. It is to be understood that the term “building block” 

is used herein to refer to a chemical structural unit as it exists 
in a functional moiety and also in the reactive form used for 
the synthesis of the functional moiety. Within the functional 
moiety, a building block will exist without any portion of the 
building block which is lost as a consequence of incorporat 
ing the building block into the functional moiety. For 
example, in cases in which the bond-forming reaction 
releases a small molecule (see below), the building block as it 
exists in the functional moiety is a “building block residue. 
that is, the remainder of the building block used in the syn 
thesis following loss of the atoms that it contributes to the 
released molecule. 

0037. The building blocks can be any chemical com 
pounds which are complementary, that is the building blocks 
must be able to react together to form a structure comprising 
two or more building blocks. Typically, all of the building 
blocks used will have at least two reactive groups, although it 
is possible that some of the building blocks (for example the 
last building block in an oligomeric functional moiety) used 
will have only one reactive group each. Reactive groups on 
two different building blocks should be complementary, i.e., 
capable of reacting together to form a covalent bond, option 
ally with the concomitant loss of a small molecule, such as 
water, HCl, HF, and so forth. 
0038. For the present purposes, two reactive groups are 
complementary if they are capable of reacting together to 
form a covalent bond. In a preferred embodiment, the bond 
forming reactions occur rapidly under ambient conditions 
without substantial formation of side products. Preferably, a 
given reactive group will react with a given complementary 
reactive group exactly once. In one embodiment, comple 
mentary reactive groups of two building blocks react, for 
example, via nucleophilic Substitution, to form a covalent 
bond. In one embodiment, one member of a pair of comple 
mentary reactive groups is an electrophilic group and the 
other member of the pair is a nucleophilic group. 
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0039 Complementary electrophilic and nucleophilic 
groups include any two groups which react via nucleophilic 
substitution under suitable conditions to form a covalent 
bond. A variety of suitable bond-forming reactions are known 
in the art. See, for example, March, Advanced Organic Chem 
istry, fourth edition, New York: John Wiley and Sons (1992), 
Chapters 10 to 16: Carey and Sundberg, Advanced Organic 
Chemistry, Part B, Plenum (1990), Chapters 1-11; and Colt 
man et al., Principles and Applications of Organotransition 
Metal Chemistry, University Science Books, Mill Valley, 
Calif. (1987), Chapters 13 to 20; each of which is incorpo 
rated herein by reference in its entirety. Examples of suitable 
electrophilic groups include reactive carbonyl groups, such as 
acyl chloride groups, ester groups, including carbonyl pen 
tafluorophenyl esters and Succinimide esters, ketone groups 
and aldehyde groups; reactive Sulfonyl groups, such as Sulfo 
nyl chloride groups, and reactive phosphonyl groups. Other 
electrophilic groups include terminal epoxide groups, isocy 
anate groups and alkyl halide groups. Suitable nucleophilic 
groups include primary and secondary amino groups and 
hydroxyl groups and carboxyl groups. 
0040 Suitable complementary reactive groups are set 
forth below. One of skill in the art can readily determine other 
reactive group pairs that can be used in the present method, 
and the examples provided herein are not intended to be 
limiting. 
0041. In a first embodiment, the complementary reactive 
groups include activated carboxyl groups, reactive Sulfonyl 
groups or reactive phosphonyl groups, or a combination 
thereof, and primary or secondary amino groups. In this 
embodiment, the complementary reactive groups react under 
Suitable conditions to form an amide, Sulfonamide or phos 
phonamidate bond. 
0042. In a second embodiment, the complementary reac 
tive groups include epoxide groups and primary or secondary 
amino groups. An epoxide-containing building block reacts 
with an amine-containing building block under Suitable con 
ditions to form a carbon-nitrogen bond, resulting in a 3-amino 
alcohol. 
0043. In another embodiment, the complementary reac 
tive groups include aziridine groups and primary or second 
ary amino groups. Under Suitable conditions, an aziridine 
containing building block reacts with an amine-containing 
building block to form a carbon-nitrogen bond, resulting in a 
1.2-diamine. In a third embodiment, the complementary reac 
tive groups include isocyanate groups and primary or second 
ary amino groups. An isocyanate-containing building block 
will react with an amino-containing building block under 
Suitable conditions to form a carbon-nitrogen bond, resulting 
in a urea group. 
0044. In a fourth embodiment, the complementary reac 
tive groups include isocyanate groups and hydroxyl groups. 
An isocyanate-containing building block will react with an 
hydroxyl-containing building block under Suitable conditions 
to form a carbon-oxygen bond, resulting in a carbamate 
group. 
0045. In a fifth embodiment, the complementary reactive 
groups include amino groups and carbonyl-containing 
groups, such as aldehyde or ketone groups. Amines react with 
Such groups via reductive amination to form a new carbon 
nitrogen bond. 
0046. In a sixth embodiment, the complementary reactive 
groups include phosphorous ylide groups and aldehyde or 
ketone groups. A phosphorus-ylide-containing building 
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block will react with an aldehyde or ketone-containing build 
ing block under Suitable conditions to form a carbon-carbon 
double bond, resulting in an alkene. 
0047. In a seventh embodiment, the complementary reac 

tive groups react via cycloaddition to form a cyclic structure. 
One example of Such complementary reactive groups are 
alkynes and organic azides, which react under Suitable con 
ditions to form a triazole ring structure. An example of the use 
of this reaction to link two building blocks is illustrated in 
FIG. 8. Suitable conditions for such reactions are known in 
the art and include those disclosed in WO 03/101972, the 
entire contents of which are incorporated by reference herein. 
0048. In an eighth embodiment, the complementary reac 

tive groups are an alkyl halide and a nucleophile, such as an 
amino group, a hydroxyl group or a carboxyl group. Such 
groups react under Suitable conditions to form a carbon 
nitrogen (alkyl halide plus amine) or carbon oxygen (alkyl 
halide plus hydroxyl or carboxyl group). 
0049. In a ninth embodiment, the complementary func 
tional groups are a halogenated heteroaromatic group and a 
nucleophile, and the building blocks are linked under suitable 
conditions via aromatic nucleophilic substitution. Suitable 
halogenated heteroaromatic groups include chlorinated pyri 
midines, triazines and purines, which react with nucleophiles, 
Such as amines, under mild conditions in aqueous solution. 
Representative examples of the reaction of an oligonucle 
otide-tagged trichlorotriazine with amines are shown in 
FIGS. 9 and 10. Examples of suitable chlorinated heteroaro 
matic groups are shown in FIG. 11. 
0050. It is to be understood that the synthesis of a func 
tional moiety can proceed via one particular type of coupling 
reaction, such as, but not limited to, one of the reactions 
discussed above, or via a combination of two or more cou 
pling reactions, such as two or more of the coupling reactions 
discussed above. For example, in one embodiment, the build 
ing blocks are joined by a combination of amide bond forma 
tion (amino and carboxylic acid complementary groups) and 
reductive amination (amino and aldehyde or ketone comple 
mentary groups). Any coupling chemistry can be used, pro 
vided that it is compatible with the presence of an oligonucle 
otide. Double stranded (duplex) oligonucleotide tags, as used 
in certain embodiments of the present invention, are chemi 
cally more robust than single stranded tags, and, therefore, 
tolerate a broader range of reaction conditions and enable the 
use of bond-forming reactions that would not be possible with 
single-stranded tags. 
0051. A building block can include one or more functional 
groups in addition to the reactive group or groups employed to 
form the functional moiety. One or more of these additional 
functional groups can be protected to prevent undesired reac 
tions of these functional groups. Suitable protecting groups 
are known in the art for a variety of functional groups (Greene 
and Wuts, Protective Groups in Organic Synthesis, second 
edition, New York: John Wiley and Sons (1991), incorporated 
herein by reference). Particularly useful protecting groups 
include t-butyl esters and ethers, acetals, trityl ethers and 
amines, acetyl esters, trimethylsilyl ethers, trichloroethyl 
ethers and esters and carbamates. 
0052. In one embodiment, each building block comprises 
two reactive groups, which can be the same or different. For 
example, each building block added in cycles can comprise 
two reactive groups which are the same, but which are both 
complementary to the reactive groups of the building blocks 
added at steps S-1 and S+1. In another embodiment, each 
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building block comprises two reactive groups which are 
themselves complementary. For example, a library compris 
ing polyamide molecules can be produced via reactions 
between building blocks comprising two primary amino 
groups and building blocks comprising two activated car 
boxyl groups. In the resulting compounds there is no N- or 
C-terminus, as alternate amide groups have opposite direc 
tionality. Alternatively, a polyamide library can be produced 
using building blocks that each comprise an amino group and 
an activated carboxyl group. In this embodiment, the building 
blocks added in step in of the cycle will have a free reactive 
group which is complementary to the available reactive group 
on the n-1 building block, while, preferably, the other reac 
tive group on the nth building block is protected. For example, 
if the members of the library are synthesized from the C to N 
direction, the building blocks added will comprise an acti 
vated carboxyl group and a protected amino group. 
0053. The functional moieties can be polymeric or oligo 
meric moieties, such as peptides, peptidomimetics, peptide 
nucleic acids or peptoids, or they can be small non-polymeric 
molecules, for example, molecules having a structure com 
prising a central scaffold and structures arranged about the 
periphery of the scaffold. Linear polymeric or oligomeric 
libraries will result from the use ofbuilding blocks having two 
reactive groups, while branched polymeric or oligomeric 
libraries will result from the use of building blocks having 
three or more reactive groups, optionally in combination with 
building blocks having only two reactive groups. Such mol 
ecules can be represented by the general formula XX ...X. 
where each X is a monomeric unit of a polymer comprising in 
monomeric units, where n is an integer greater than 1 In the 
case of oligomeric or polymeric compounds, the terminal 
building blocks need not comprise two functional groups. For 
example, in the case of a polyamide library, the C-terminal 
building block can comprise an amino group, but the presence 
of a carboxyl group is optional. Similarly, the building block 
at the N-terminus can comprise a carboxyl group, but need not 
contain an amino group. 
0054 Branched oligomeric or polymeric compounds can 
also be synthesized provided that at least one building block 
comprises three functional groups which are reactive with 
other building blocks. A library of the invention can comprise 
linear molecules, branched molecules or a combination 
thereof. 

0055 Libraries can also be constructed using, for 
example, a scaffold building block having two or more reac 
tive groups, in combination with other building blocks having 
only one available reactive group, for example, where any 
additional reactive groups are either protected or not reactive 
with the other reactive groups present in the scaffold building 
block. In one embodiment, for example, the molecules Syn 
thesized can be represented by the general formula X(Y), 
where X is a scaffold building block; each Y is a building 
block linked to X and n is an integer of at least two, and 
preferably an integer from 2 to about 6. In one preferred 
embodiment, the initial building block of cycle 1 is a scaffold 
building block. In molecules of the formulaX(Y), eachY can 
be the same or different, but in most members of a typical 
library, each Y will be different. 
0056. In one embodiment, the libraries of the invention 
comprise polyamide compounds. The polyamide compounds 
can be composed of building blocks derived from any amino 
acids, including the twenty naturally occurring C-amino 
acids, such as alanine (Ala; A), glycine (Gly; G), asparagine 
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(ASn; N), aspartic acid (Asp; D), glutamic acid (Glu; E), 
histidine (His; H), leucine (Leu, L), lysine (Lys; K), pheny 
lalanine (Phe; F), tyrosine (Tyr;Y), threonine (Thr, T), serine 
(Ser; S), arginine (Arg; R), Valine (Val; V), glutamine (Gln; 
Q), isoleucine (Ile: I), cysteine (Cys; C), methionine (Met; 
M), proline (Pro; P) and tryptophan (Trp; W), where the 
three-letter and one-letter codes for each amino acid are 
given. In their naturally occurring form, each of the foregoing 
amino acids exists in the L-configuration, which is to be 
assumed herein unless otherwise noted. In the present 
method, however, the D-configuration forms of these amino 
acids can also be used. These D-amino acids are indicated 
herein by lower case three- or one-letter code, i.e., ala (a), gly 
(g), leu (1), gln (q), thr (t), ser(s), and so forth. The building 
blocks can also be derived from other C.-amino acids, includ 
ing, but not limited to, 3-arylalanines, such as naphthylala 
nine, phenyl-substituted phenylalanines, including 4-fluoro-, 
4-chloro, 4-bromo and 4-methylphenylalanine, 3-heteroary 
lalanines, such as 3-pyridylalanine, 3-thienylalanine, 
3-quinolylalanine, and 3-imidazolylalanine; ornithine; citrul 
line; homocitrulline; sarcosine; homoproline; homocysteine; 
Substituted proline. Such as hydroxyproline and fluoropro 
line; dehydroproline; norleucine; O-methyltyrosine; O-meth 
ylserine; O-methylthreonine and 3-cyclohexylalanine. Each 
of the preceding amino acids can be utilized in either the D- or 
L-configuration. 
0057 The building blocks can also be amino acids which 
are not C.-amino acids, such as C.-azamino acids; B, Y, Ö, 
e.-amino acids, and N-Substituted amino acids, such as 
N-substituted glycine, where the N-substituent can be, for 
example, a Substituted or unsubstituted alkyl, aryl, heteroaryl, 
arylalkyl or heteroarylalkyl group. In one embodiment, the 
N-Substituent is a side chain from a naturally-occurring or 
non-naturally occurring C-amino acid. 
0058. The building block can also be a peptidomimetic 
structure, Such as a dipeptide, tripeptide, tetrapeptide or pen 
tapeptide mimetic. Such peptidomimetic building blocks are 
preferably derived from aminoacyl compounds, such that the 
chemistry of addition of these building blocks to the growing 
poly(aminoacyl)group is the same as, or similar to, the chem 
istry used for the other building blocks. The building blocks 
can also be molecules which are capable of forming bonds 
which are isosteric with a peptide bond, to form peptidomi 
metic functional moieties comprising a peptide backbone 
modification, such as CHS, CH-NH), CSNH). 
pNHCO, COCH), and p(E) or (Z) CH=CH). In the 
nomenclature used above, indicates the absence of an 
amide bond. The structure that replaces the amide group is 
specified within the brackets. 
0059. In one embodiment, the invention provides a 
method of synthesizing a compound comprising or consisting 
of a functional moiety which is operatively linked to an 
encoding oligonucleotide. The method includes the steps of 
(1) providing an initiator compound consisting of an initial 
functional moiety comprising n building blocks, where n is an 
integer of 1 or greater, wherein the initial functional moiety 
comprises at least one reactive group, and wherein the initial 
functional moiety is operatively linked to an initial oligo 
nucleotide which encodes the n building blocks; (2) reacting 
the initiator compound with a building block comprising at 
least one complementary reactive group, wherein the at least 
one complementary reactive group is complementary to the 
reactive group of step (1), under Suitable conditions for reac 
tion of the reactive group and the complementary reactive 
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group to form a covalent bond; (3) reacting the initial oligo 
nucleotide with an incoming oligonucleotide in the presence 
of an enzyme which catalyzes ligation of the initial oligo 
nucleotide and the incoming oligonucleotide, under condi 
tions suitable for ligation of the incoming oligonucleotide and 
the initial oligonucleotide, thereby producing a molecule 
which comprises or consists of a functional moiety compris 
ing n+1 building blocks which is operatively linked to an 
encoding oligonucleotide. If the functional moiety of step (3) 
comprises a reactive group, steps 1-3 can be repeated one or 
more times, thereby forming cycles 1 to i, where i is an integer 
of 2 or greater, with the product of step (3) of a cycle S-1, 
where S is an integer of i or less, becoming the initiator 
compound of step (1) of cycles. In each cycle, one building 
block is added to the growing functional moiety and one 
oligonucleotide sequence, which encodes the new building 
block, is added to the growing encoding oligonucleotide. 
0060. In a preferred embodiment, each individual building 
block is associated with a distinct oligonucleotide, such that 
the sequence of nucleotides in the oligonucleotide added in a 
given cycle identifies the building block added in the same 
cycle. 
0061 The coupling of building blocks and ligation of oli 
gonucleotides will generally occur at similar concentrations 
of starting materials and reagents. For example, concentra 
tions of reactants on the order of micromolar to millimolar, 
for example from about 10 uM to about 10 mM, are preferred 
in order to have efficient coupling of building blocks. 
0062. In certain embodiments, the method further com 
prises, following step (2), the step of Scavenging any unre 
acted initial functional moiety. Scavenging any unreacted 
initial functional moiety in a particular cycle prevents the 
initial functional moiety of the cycle from reacting with a 
building block added in a later cycle. Such reactions could 
lead to the generation of functional moieties missing one or 
more building blocks, potentially leading to a range of func 
tional moiety structures which correspond to a particular 
oligonucleotide sequence. Such scavenging can be accom 
plished by reacting any remaining initial functional moiety 
with a compound which reacts with the reactive group of step 
(2). Preferably, the scavenger compound reacts rapidly with 
the reactive group of step (2) and includes no additional 
reactive groups that can react with building blocks added in 
later cycles. For example, in the synthesis of a compound 
where the reactive group of step (2) is an amino group, a 
Suitable Scavenger compound is an N-hydroxysuccinimide 
ester, Such as acetic acid N-hydroxysuccinimide ester. 
0063. In another embodiment, the invention provides a 
method of producing a library of compounds, wherein each 
compound comprises a functional moiety comprising two or 
more building block residues which is operatively linked to an 
oligonucleotide. In a preferred embodiment, the oligonucle 
otide present in each molecule provides sufficient informa 
tion to identify the building blocks within the molecule and, 
optionally, the order of addition of the building blocks. In this 
embodiment, the method of the invention comprises a method 
of synthesizing a library of compounds, wherein the com 
pounds comprise a functional moiety comprising two or more 
building blocks which is operatively linked to an oligonucle 
otide which identifies the structure of the functional moiety. 
The method comprises the steps of (1) providing a solution 
comprising minitiator compounds, wherein m is an integer of 
1 or greater, where the initiator compounds consist of a func 
tional moiety comprising n building blocks, where n is an 
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integer of 1 or greater, which is operatively linked to an initial 
oligonucleotide which identifies the n building blocks; (2) 
dividing the Solution of step (1) into at least r fractions, 
wherein r is an integer of 2 or greater; (3) reacting each 
fraction with one of r building blocks, thereby producing r 
fractions comprising compounds consisting of a functional 
moiety comprising n+1 building blocks operatively linked to 
the initial oligonucleotide; (4) reacting each of the r fractions 
of step (3) with one of a set of r distinct incoming oligonucle 
otides under conditions suitable for enzymatic ligation of the 
incoming oligonucleotide to the initial oligonucleotide, 
thereby producing r fractions comprising molecules consist 
ing of a functional moiety comprising n+1 building blocks 
operatively linked to an elongated oligonucleotide which 
encodes the n+1 building blocks. Optionally, the method can 
further include the step of (5) recombining the r fractions, 
produced in step (4), thereby producing a solution comprising 
molecules consisting of a functional moiety comprising n+1 
building blocks, which is operatively linked to an elongated 
oligonucleotide which encodes the n+1 building blocks. 
Steps (1) to (5) can be conducted one or more times to yield 
cycles 1 to i, where i is an integer of 2 or greater. In cycle S+1, 
where S is an integer of i-1 or less, the Solution comprising m 
initiator compounds of step (1) is the solution of step (5) of 
cycle S. Likewise, the initiator compounds of step (1) of cycle 
S+1 are the products of step (4) in cycle S. 
0064 Preferably the solution of step (2) is divided into r 
fractions in each cycle of the library synthesis. In this embodi 
ment, each fract is reated with a unique building block. 
0065. In the methods of the invention, the order of addition 
of the building block and the incoming oligonucleotide is not 
critical, and steps (2) and (3) of the synthesis of a molecule, 
and steps (3) and (4) in the library synthesis can be reversed, 
i.e., the incoming oligonucleotide can be ligated to the initial 
oligonucleotide before the new building block is added. In 
certain embodiments, it may be possible to conduct these two 
steps simultaneously. 
0.066. In certain embodiments, the method further com 
prises, following step (2), the step of Scavenging any unre 
acted initial functional moiety. Scavenging any unreacted 
initial functional moiety in a particular cycle prevents the 
initial functional moiety of a the cycle from reacting with a 
building block added in a later cycle. Such reactions could 
lead to the generation of functional moieties missing one or 
more building blocks, potentially leading to a range of func 
tional moiety structures which correspond to a particular 
oligonucleotide sequence. Such scavenging can be accom 
plished by reacting any remaining initial functional moiety 
with a compound which reacts with the reactive group of step 
(2). Preferably, the scavenger compound reacts rapidly with 
the reactive group of step (2) and includes no additional 
reactive groups that can react with building blocks added in 
later cycles. For example, in the synthesis of a compound 
where the reactive group of step (2) is an amino group, a 
Suitable Scavenger compound is an N-hydroxysuccinimide 
ester, Such as acetic acid N-hydroxysuccinimide ester. 
0067. In one embodiment, the building blocks used in the 
library synthesis are selected from a set of candidate building 
blocks by evaluating the ability of the candidate building 
blocks to react with appropriate complementary functional 
groups under the conditions used for synthesis of the library. 
Building blocks which are shown to be suitably reactive under 
Such conditions can then be selected for incorporation into the 
library. The products of a given cycle can, optionally, be 
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purified. When the cycle is an intermediate cycle, i.e., any 
cycle prior to the final cycle, these products are intermediates 
and can be purified prior to initiation of the next cycle. If the 
cycle is the final cycle, the products of the cycle are the final 
products, and can be purified prior to any use of the com 
pounds. This purification step can, for example, remove unre 
acted or excess reactants and the enzyme employed for oli 
gonucleotide ligation. Any methods which are suitable for 
separating the products from other species present in Solution 
can be used, including liquid chromatography, such as high 
performance liquid chromatography (HPLC) and precipita 
tion with a suitable co-solvent, such as ethanol. Suitable 
methods for purification will depend upon the nature of the 
products and the solvent system used for synthesis. 
0068. The reactions are, preferably, conducted in aqueous 
Solution, Such as a buffered aqueous solution, but can also be 
conducted in mixed aqueous/organic media consistent with 
the solubility properties of the building blocks, the oligo 
nucleotides, the intermediates and final products and the 
enzyme used to catalyze the oligonucleotide ligation. 
0069. It is to be understood that the theoretical number of 
compounds produced by a given cycle in the method 
described above is the product of the number of different 
initiator compounds, m, used in the cycle and the number of 
distinct building blocks added in the cycle, r. The actual 
number of distinct compounds produced in the cycle can be as 
high as the product of rand m (rxm), but could be lower, given 
differences in reactivity of certain building blocks with cer 
tain other building blocks. For example, the kinetics of addi 
tion of a particular building block to a particular initiator 
compound may be such that on the time scale of the synthetic 
cycle, little to none of the product of that reaction may be 
produced. 
0070. In certain embodiments, a common building block 

is added prior to cycle 1, following the last cycle or in between 
any two cycles. For example, when the functional moiety is a 
polyamide, a common N-terminal capping building block can 
be added after the final cycle. A common building block can 
also be introduced between any two cycles, for example, to 
add a functional group, such as an alkyne or azide group, 
which can be utilized to modify the functional moieties, for 
example by cyclization, following library synthesis. 
0071. The term “operatively linked’, as used herein, 
means that two chemical structures are linked together in Such 
a way as to remain linked through the various manipulations 
they are expected to undergo. Typically the functional moiety 
and the encoding oligonucleotide are linked covalently via an 
appropriate linking group. The linking group is a bivalent 
moiety with a site of attachment for the oligonucleotide and a 
site of attachment for the functional moiety. For example, 
when the functional moiety is a polyamide compound, the 
polyamide compound can be attached to the linking group at 
its N-terminus, its C-terminus or via a functional group on 
one of the side chains. The linking group is sufficient to 
separate the polyamide compound and the oligonucleotide by 
at least one atom, and preferably, by more than one atom, Such 
as at least two, at least three, at least four, at least five or at 
least six atoms. Preferably, the linking group is sufficiently 
flexible to allow the polyamide compound to bind target 
molecules in a manner which is independent of the oligo 
nucleotide. 

0072. In one embodiment, the linking group is attached to 
the N-terminus of the polyamide compound and the 5'-phos 
phate group of the oligonucleotide. For example, the linking 
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group can be derived from a linking group precursor com 
prising an activated carboxyl group on one end and an acti 
vated ester on the other end. Reaction of the linking group 
precursor with the N-terminal nitrogen atom will form an 
amide bond connecting the linking group to the polyamide 
compound or N-terminal building block, while reaction of the 
linking group precursor with the 5'-hydroxy group of the 
oligonucleotide will result in attachment of the oligonucle 
otide to the linking group via an ester linkage. The linking 
group can comprise, for example, a polymethylene chain, 
such as a —(CH)-chain or a poly(ethylene glycol) chain, 
Such as a —(CH2CH2O), chain, where in both cases n is an 
integer from 1 to about 20. Preferably, n is from 2 to about 12, 
more preferably from about 4 to about 10. In one embodi 
ment, the linking group comprises a hexamethylene (-(CH2) 

) group. 
0073. When the building blocks are amino acid residues, 
the resulting functional moiety is a polyamide. The amino 
acids can be coupled using any suitable chemistry for the 
formation of amide bonds. Preferably, the coupling of the 
amino acid building blocks is conducted under conditions 
which are compatible with enzymatic ligation of oligonucle 
otides, for example, at neutral or near-neutral pH and in 
aqueous solution. In one embodiment, the polyamide com 
pound is synthesized from the C-terminal to N-terminal 
direction. In this embodiment, the first, or C-terminal, build 
ing block is coupled at its carboxyl group to an oligonucle 
otide via a suitable linking group. The first building block is 
reacted with the second building block, which preferably has 
an activated carboxyl group and a protected amino group. 
Any activating/protecting group strategy which is Suitable for 
Solution phase amide bond formation can be used. For 
example, Suitable activated carboxyl species include acyl 
fluorides (U.S. Pat. No. 5,360,928, incorporated herein by 
reference in its entirety), symmetrical anhydrides and N-hy 
droxysuccinimide esters. The acyl groups can also be acti 
vated in situ, as is known in the art, by reaction with a suitable 
activating compound. Suitable activating compounds include 
dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide 
(DIC), 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline 
(EEDQ), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (EDC), n-propane-phosphonic anhydride 
(PPA), N,N-bis(2-oxo-3-oxazolidinyl)imido-phosphoryl 
chloride (BOP-Cl), bromo-tris-pyrrolidinophosphonium 
hexafluorophosphate (PyBrop), diphenylphosphoryl azide 
(DPPA), Castro's reagent (BOP, PyBop), O-benzotriazolyl 
N.N.N',N'-tetramethyluronium salts (HBTU), diethylphos 
phoryl cyanide (DEPCN), 2,5-diphenyl-2,3-dihydro-3-oxo 
4-hydroxy-thiophene dioxide (Steglich's reagent; HOTDO), 
1,1-carbonyl-diimidazole (CDI), and 4-(4,6-dimethoxy-13, 
5-triazin-2-yl)-4-methylmorpholinium chloride (DMT 
MM). The coupling reagents can be employed alone or in 
combination with additives such as N. N-dimethyl-4-ami 
nopyridine (DMAP), N-hydroxy-benzotriazole (HOBt), 
N-hydroxybenzotriazine (HOOBt), N-hydroxysuccinimide 
(HOSu) N-hydroxyazabenzotriazole (HOAt), azabenzotriaz 
olyl-tetramethyluronium salts (HATU, HAPyU) or 2-hy 
droxypyridine. In certain embodiments, synthesis of a library 
requires the use of two or more activation strategies, to enable 
the use of a structurally diverse set of building blocks. For 

Jun. 9, 2011 

each building block, one skilled in the art can determine the 
appropriate activation strategy. 
0074 The N-terminal protecting group can be any protect 
ing group which is compatible with the conditions of the 
process, for example, protecting groups which are suitable for 
Solution phase synthesis conditions. A preferred protecting 
group is the fluorenylmethoxycarbonyl (Fmoc) group. Any 
potentially reactive functional groups on the side chain of the 
aminoacyl building block may also need to be Suitably pro 
tected. Preferably the side chain protecting group is orthogo 
nal to the N-terminal protecting group, that is, the side chain 
protecting group is removed under conditions which are dif 
ferent than those required for removal of the N-terminal pro 
tecting group. Suitable side chain protecting groups include 
the nitroveratryl group, which can be used to protect both side 
chain carboxyl groups and side chain amino groups. Another 
Suitable side chain amine protecting group is the N-pent-4- 
enoyl group. 
0075. The building blocks can be modified following 
incorporation into the functional moiety, for example, by a 
Suitable reaction involving a functional group on one or more 
of the building blocks. Building block modification can take 
place following addition of the final building block or at any 
intermediate point in the synthesis of the functional moiety, 
for example, after any cycle of the synthetic process. When a 
library of bifunctional molecules of the invention is synthe 
sized, building block modification can be carried out on the 
entire library or on a portion of the library, thereby increasing 
the degree of complexity of the library. Suitable building 
block modifying reactions include those reactions that can be 
performed under conditions compatible with the functional 
moiety and the encoding oligonucleotide. Examples of Such 
reactions include acylation and Sulfonation of amino groups 
or hydroxyl groups, alkylation of amino groups, esterification 
or thioesterification of carboxyl groups, amidation of car 
boxyl groups, epoxidation of alkenes, and other reactions as 
are known the art. When the functional moiety includes a 
building block having an alkyne oran azide functional group, 
the azide/alkyne cycloaddition reaction can be used to deriva 
tize the building block. For example, a building block includ 
ing an alkyne can be reacted with an organic azide, or a 
building block including an azide can be reacted with an 
alkyne, in either case forming a triazole. Building block 
modification reactions can take place after addition of the 
final building block or at an intermediate point in the synthetic 
process, and can be used to append a variety of chemical 
structures to the functional moiety, including carbohydrates, 
metal binding moieties and structures for targeting certain 
biomolecules or tissue types. 
0076. In another embodiment, the functional moiety com 
prises a linear series of building blocks and this linear series 
is cyclized using a Suitable reaction. For example, if at least 
two building blocks in the linear array include sulfhydryl 
groups, the Sulfhydryl groups can be oxidized to form a 
disulfide linkage, thereby cyclizing the linear array. For 
example, the functional moieties can be oligopeptides which 
include two or more L or D-cysteine and/or L or D-homocys 
teine moieties. The building blocks can also include other 
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functional groups capable of reacting together to cyclize the 
linear array, Such as carboxyl groups and amino or hydroxyl 
groups. 

0077. In a preferred embodiment, one of the building 
blocks in the linear array comprises an alkyne group and 
another building block in the linear array comprises an azide 
group. The azide and alkyne groups can be induced to react 
via cycloaddition, resulting in the formation of a macrocyclic 
structure. In the example illustrated in FIG. 9, the functional 
moiety is a polypeptide comprising a propargylglycine build 
ing block at its C-terminus and an azidoacetyl group at its 
N-terminus. Reaction of the alkyne and the azide group under 
Suitable conditions results information of a cyclic compound, 
which includes a triazole structure within the macrocycle. In 
the case of a library, in one embodiment, each member of the 
library comprises alkyne- and azide-containing building 
blocks and can be cyclized in this way. In a second embodi 
ment, all members of the library comprises alkyne- and azide 
containing building blocks, but only a portion of the library is 
cyclized. In a third embodiment, only certain functional moi 
eties include alkyne- and azide-containing building blocks, 
and only these molecules are cyclized. In the forgoing second 
and third embodiments, the library, following the cycloaddi 
tion reaction, will include both cyclic and linear functional 
moieties. 

0078. The oligonucleotides are ligated using enzymatic 
methods. In one embodiment, the initial building block is 
operatively linked to an initial oligonucleotide. Prior to or 
following coupling of a second building block to the initial 
building block, a second oligonucleotide sequence which 
identifies the second building block is ligated to the initial 
oligonucleotide. Methods for ligating the initial oligonucle 
otide sequence and the incoming oligonucleotide sequence 
are set forth in FIGS. 1 and 2. In FIG. 1, the initial oligonucle 
otide is double-stranded, and one strand includes an overhang 
sequence which is complementary to one end of the second 
oligonucleotide and brings the second oligonucleotide into 
contact with the initial oligonucleotide. Preferably the over 
hanging sequence of the initial oligonucleotide and the 
complementary sequence of the second oligonucleotide are 
both at least about 4 bases; more preferably both sequences 
are both the same length. The initial oligonucleotide and the 
second oligonucleotide can be ligated using a Suitable 
enzyme. If the initial oligonucleotide is linked to the first 
building block at the 5' end of one of the strands (the “top 
strand'), then the strand which is complementary to the top 
strand (the “bottom strand') will include the overhang 
sequence at its 5' end, and the second oligonucleotide will 
include a complementary sequence at its 5' end. Following 
ligation of the second oligonucleotide, a strand can be added 
which is complementary to the sequence of the second oligo 
nucleotide which is 3' to the overhang complementary 
sequence, and which includes additional overhang sequence. 
0079. In one embodiment, the oligonucleotide is elon 
gated as set forth in FIG. 2. The oligonucleotide bound to the 
growing functional moiety and the incoming oligonucleotide 
are positioned for ligation by the use of a 'splint’ sequence, 
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which includes a region which is complementary to the 3' end 
of the initial oligonucleotide and a region which is comple 
mentary to the 5' end of the incoming oligonucleotide. The 
splint brings the 5' end of the oligonucleotide into proximity 
with the 3' end of the incoming oligo and ligation is accom 
plished using enzymatic ligation. In the example illustrated in 
FIG. 2, the initial oligonucleotide consists of 16 nucleobases 
and the splint is complementary to the 6 bases at the 3' end. 
The incoming oligonucleotide consists of 12 nucleobases, 
and the splint is complementary to the 6 bases at the 5' 
terminus. The length of the splint and the lengths of the 
complementary regions are not critical. However, the 
complementary regions should be sufficiently long to enable 
stable dimer formation under the conditions of the ligation, 
but not so long as to yield an excessively large encoding 
nucleotide in the final molecules. It is preferred that the 
complementary regions are from about 4 bases to about 12 
bases, more preferably from about 5 bases to about 10 bases, 
and most preferably from about 5 bases to about 8 bases in 
length. 
0080. In one embodiment, the initial oligonucleotide is 
double-stranded and the two strands are covalently joined. 
One means of covalently joining the two strands is shown in 
FIG. 3, in which a linking moiety is used to link the two 
Strands and the functional moiety. The linking moiety can be 
any chemical structure which comprises a first functional 
group which is adapted to react with a building block, a 
second functional group which is adapted to react with the 
3'-end of an oligonucleotide, and a third functional group 
which is adapted to react with the 5'-end of an oligonucle 
otide. Preferably, the second and third functional groups are 
oriented so as to position the two oligonucleotide Strands in a 
relative orientation that permits hybridization of the two 
Strands. For example, the linking moiety can have the general 
structure (I): 

(I) 

where A, is a functional group that can form a covalent bond 
with a building block, B is a functional group that can form a 
bond with the 5'-end of an oligonucleotide, and C is a func 
tional group that can form a bond with the 3'-end of an 
oligonucleotide. D, F and E are chemical groups that link 
functional groups A, C and B to S, which is a core atom or 
scaffold. Preferably, D, E and F are each independently a 
chain of atoms, such as an alkylene chain oran oligo(ethylene 
glycol) chain, and D, E and F can be the same or different, and 
are preferably effective to allow hybridization of the two 
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oligonucleotides and synthesis of the functional moiety. In 
one embodiment, the trivalent linker has the structure 

O 

O 

O 

o 1--"N-1-1-'N4 
O 

In this embodiment, the NH group is available for attachment 
to a building block, while the terminal phosphate groups are 
available for attachment to an oligonucleotide. 
0081. In embodiments in which the initial oligonucleotide 

is double-stranded, the incoming oligonucleotides are also 
double-stranded. As shown in FIG. 3, the initial oligonucle 
otide can have one strand which is longer than the other, 
providing an overhang sequence. In this embodiment, the 
incoming oligonucleotide includes an overhang sequence 
which is complementary to the overhang sequence of the 
initial oligonucleotide. Hybridization of the two complemen 
tary overhang sequences brings the incoming oligonucleotide 
into position for ligation to the initial oligonucleotide. This 
ligation can be performed enzymatically using a DNA or 
RNA ligase. The overhang sequences of the incoming oligo 
nucleotide and the initial oligonucleotide are preferably the 
same length and consist of two or more nucleotides, prefer 
ably from 2 to about 10 nucleotides, more preferably from 2 
to about 6 nucleotides. In one preferred embodiment, the 
incoming oligonucleotide is a double-stranded oligonucle 
otide having an overhang sequence at each end. The overhang 
sequence at one end is complementary to the overhang 
sequence of the initial oligonucleotide, while, afterligation of 
the incoming oligonucleotide and the initial oligonucleotide, 
the overhang sequence at the other end becomes the overhang 
sequence of initial oligonucleotide of the next cycle. In one 
embodiment, the three overhang sequences are all 2 to 6 
nucleotides in length, and the encoding sequence of the 
incoming oligonucleotide is from 3 to 10 nucleotides in 
length, preferably 3 to 6 nucleotides in length. In a particular 
embodiment, the overhang sequences are all 2 nucleotides in 
length and the encoding sequence is 5 nucleotides in length. 
0082 In the embodiment illustrated in FIG. 4, the incom 
ing strand has a region at its 3' end which is complementary to 
the 3' end of the initial oligonucleotide, leaving overhangs at 
the 5' ends of both strands. The 5' ends can be filled in using, 
for example, a DNA polymerase, such as vent polymerase, 
resulting in a double-stranded elongated oligonucleotide. The 
bottom strand of this oligonucleotide can be removed, and 
additional sequence added to the 3' end of the top strand using 
the same method. 

0083. The encoding oligonucleotide tag is formed as the 
result of the successive addition of oligonucleotides that iden 
tify each successive building block. In one embodiment of the 
methods of the invention, the Successive oligonucleotide tags 

O 

o 1a-'N-1-1--"N K 
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may be coupled by enzymatic ligation to produce an encoding 
oligonucleotide. 

v YO 

O 

O 

I0084 Enzyme-catalyzed ligation of oligonucleotides can 
be performed using any enzyme that has the ability to ligate 
nucleic acid fragments. Exemplary enzymes include ligases, 
polymerases, and topoisomerases. In specific embodiments 
of the invention, DNA ligase (EC 6.5.1.1), DNA polymerase 
(EC 2.7.7.7), RNA polymerase (EC 2.7.7.6) or topoisomerase 
(EC 5.99.1.2) are used to ligate the oligonucleotides. 
Enzymes contained in each EC class can be found, for 
example, as described in Bairoch (2000) Nucleic Acids 
Research 28:304-5. 

I0085. In a preferred embodiment, the oligonucleotides 
used in the methods of the invention are oligodeoxynucle 
otides and the enzyme used to catalyze the oligonucleotide 
ligation is DNA ligase. In order for ligation to occur in the 
presence of the ligase, i.e., for a phosphodiester bond to be 
formed between two oligonucleotides, one oligonucleotide 
must have a free 5' phosphate group and the other oligonucle 
otide must have a free 3' hydroxyl group. Exemplary DNA 
ligases that may be used in the methods of the invention 
include T4 DNA ligase, Taq DNA ligase, T. RNA ligase, 
DNA ligase (E. coli) (all available from, for example, New 
England Biolabs, MA). 
0.086 One of skill in the art will understand that each 
enzyme used for ligation has optimal activity under specific 
conditions, e.g., temperature, buffer concentration, pH and 
time. Each of these conditions can be adjusted, for example, 
according to the manufacturer's instructions, to obtain opti 
mal ligation of the oligonucleotide tags. 
I0087. The incoming oligonucleotide can be of any desir 
able length, but is preferably at least three nucleobases in 
length. More preferably, the incoming oligonucleotide is 4 or 
more nucleobases in length. In one embodiment, the incom 
ing oligonucleotide is from 3 to about 12 nucleobases in 
length. It is preferred that the oligonucleotides of the mol 
ecules in the libraries of the invention have a common termi 
nal sequence which can serve as a primer for PCR, as is 
known in the art. Such a common terminal sequence can be 
incorporated as the terminal end of the incoming oligonucle 
otide added in the final cycle of the library synthesis, or it can 
be added following library synthesis, for example, using the 
enzymatic ligation methods disclosed herein. 
I0088 A preferred embodiment of the method of the inven 
tion is set forth in FIG. 5. The process begins with a synthe 
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sized DNA sequence which is attached at its 5' end to a linker 
which terminates in an amino group. In step 1, this starting 
DNA sequence is ligated to an incoming DNA sequence in the 
presence of a splint DNA strand, DNA ligase and dithiothrei 
tol in Tris buffer. This yields a tagged DNA sequence which 
can then be used directly in the next step or purified, for 
example, using HPLC or ethanol precipitation, before pro 
ceeding to the next step. In step 2 the tagged DNA is reacted 
with a protected activated amino acid, in this example, an 
Fmoc-protected amino acid fluoride, yielding a protected 
amino acid-DNA conjugate. In step 3, the protected amino 
acid-DNA conjugate is deprotected, for example, in the pres 
ence of piperidine, and the resulting deprotected conjugate is, 
optionally, purified, for example, by HPLC or ethanol pre 
cipitation. The deprotected conjugate is the product of the 
first synthesis cycle, and becomes the starting material for the 
second cycle, which adds a second amino acid residue to the 
free amino group of the deprotected conjugate. 
0089. In embodiments in which PCR is to be used to 
amplify the encoding oligonucleotides of selected molecules, 
the encoding oligonucleotides preferably include PCR 
primer sequences. For example, a PCR primer sequence can 
be included in the initial oligonucleotide prior to the first 
cycle of synthesis, or it can be included with the first incoming 
oligonucleotide. The encoding oligonucleotide can also 
include a capping PCR primer sequence that follows the 
encoding sequences. The capping sequence can be ligated to 
the encoding oligonucleotide following the final cycle of 
library synthesis or it can be included in the incoming oligo 
nucleotide of the final cycle. In cases in which the PCR primer 
sequences are included in an incoming oligonucleotide, these 
incoming oligonucleotides will preferably be significantly 
longer than the incoming oligonucleotides added in the other 
cycles, because they will include both an encoding sequence 
and a PCR primer sequence. 
0090. In cases in which the capping sequence is added 
after the addition of the final building block and final incom 
ing oligonucleotide, the synthesis of a library as set forth 
herein will include the step of ligating the capping sequence 
to the encoding oligonucleotide, Such that the oligonucleotide 
portion of substantially all of the library members terminates 
in a sequence that includes a PCR primer sequence. PCR 
primer sequences suitable for use in the libraries of the inven 
tion are known in the art, Suitable primers and methods are set 
forth, for example, in Innis et al., eds., PCR Protocols: A 
Guide to Methods and Applications, San Diego: Academic 
Press (1990), the contents of which are incorporated herein by 
reference in their entirety. Preferably, the capping sequence is 
added by ligation to the pooled fractions which are products 
of the final synthetic cycle. The capping sequence can be 
added using the enzymatic process used in the construction of 
the library. 
0091. As indicated above, the nucleotide sequence of the 
oligonucleotide tag as part of the methods of this invention, 
may be determined by the use of the polymerase chain reac 
tion (PCR). 
0092. The oligonucleotide tag is comprised of polynucle 
otides that identify the building blocks that make up the 
functional moiety as described herein. The nucleic acid 
sequence of the oligonucleotide tag is determined by Subject 
ing the oligonucleotide tag to a PCR reaction as follows. The 
appropriate sample is contacted with a PCR primer pair, each 
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member of the pair having a preselected nucleotide sequence. 
The PCR primer pair is capable of initiating primer extension 
reactions by hybridizing to a PCR primer binding site on the 
encoding oligonucleotide tag. The PCR primer binding site is 
preferably designed into the encoding oligonucleotide tag. 
For example, a PCR primer binding site may be incorporated 
into the initial oligonucleotide tag and the second PCR primer 
binding site may be in the final oligonucleotide tag. Alterna 
tively, the second PCR primer binding site may be incorpo 
rated into the capping sequence as described herein. In pre 
ferred embodiments, the PCR primer binding site is at least 
about 5, 7, 10, 13, 15, 17, 20, 22, or 25 nucleotides in length. 
(0093. The PCR reaction is performed by mixing the PCR 
primer pair, preferably a predetermined amount thereof, with 
the nucleic acids of the encoding oligonucleotide tag, prefer 
ably a predetermined amount thereof, in a PCR buffer to form 
a PCR reaction admixture. The admixture is thermocycled for 
a number of cycles, which is typically predetermined, Suffi 
cient for the formation of a PCR reaction product. A sufficient 
amount of product is one that can be isolated in a sufficient 
amount to allow for DNA sequence determination. 
0094 PCR is typically carried out by thermocycling i.e., 
repeatedly increasing and decreasing the temperature of a 
PCR reaction admixture within a temperature range whose 
lower limit is about 30°C. to about 55° C. and whose upper 
limit is about 90° C. to about 100° C. The increasing and 
decreasing can be continuous, but is preferably phasic with 
time periods of relative temperature stability at each oftem 
peratures favoring polynucleotide synthesis, denaturation 
and hybridization. 
0.095 The PCR reaction is performed using any suitable 
method. Generally it occurs in a buffered aqueous solution, 
i.e., a PCR buffer, preferably at a pH of 7-9. Preferably, a 
molar excess of the primer is present. A large molar excess is 
preferred to improve the efficiency of the process. 
(0096. The PCR buffer also contains the deoxyribonucle 
otide triphosphates (polynucleotide synthesis Substrates) 
dATP, dCTP, dGTP, and dTTP and a polymerase, typically 
thermostable, all in adequate amounts for primer extension 
(polynucleotide synthesis) reaction. The resulting Solution 
(PCR admixture) is heated to about 90° C.-100° C. for about 
1 to 10 minutes, preferably from 1 to 4 minutes. After this 
heating period the solution is allowed to cool to 54°C., which 
is preferable for primer hybridization. The synthesis reaction 
may occur at a temperature ranging from room temperature 
up to a temperature above which the polymerase (inducing 
agent) no longer functions efficiently. Thus, for example, if 
DNA polymerase is used, the temperature is generally no 
greater than about 40°C. The thermocycling is repeated until 
the desired amount of PCR product is produced. An exem 
plary PCR buffer comprises the following reagents: 50 mM 
KCl; 10 mM Tris-HCl at pH 8.3: 1.5 mM MgCl, sub.2: 
0.001% (wt/vol) gelatin, 200 uM dATP; 200 uMdTTP; 200 
uM dCTP; 200 uM dGTP, and 2.5 units Thermus aquaticus 
(Taq) DNA polymerase I per 100 microliters of buffer. 
0097 Suitable enzymes for elongating the primer 
sequences include, for example, E. coli DNA polymerase I. 
Taq DNA polymerase, Klenow fragment of E. coli DNA 
polymerase I, T4 DNA polymerase, other available DNA 
polymerases, reverse transcriptase, and other enzymes, 
including heat-stable enzymes, which will facilitate combi 
nation of the nucleotides in the proper manner to form the 
primer extension products which are complementary to each 
nucleic acid strand. Generally, the synthesis will be initiated 
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at the 3' end of each primer and proceed in the 5' direction 
along the template strand, until synthesis terminates, produc 
ing molecules of different lengths. 
0098. The newly synthesized DNA strand and its comple 
mentary strand form a double-stranded molecule which can 
be used in the Succeeding steps of the analysis process. 
0099 PCR amplification methods are described in detail 
in U.S. Pat. Nos. 4,683,192, 4,683,202, 4,800,159, and 4,965, 
188, and at least in PCR Technology: Principles and Appli 
cations for DNA Amplification, H. Erlich, ed., Stockton 
Press, New York (1989); and PCR Protocols: A Guide to 
Methods and Applications, Innis et al., eds. Academic Press, 
San Diego, Calif. (1990). The contents of all the foregoing 
documents are incorporated herein by reference. 
0100. The term “polynucleotide' as used herein in refer 
ence to primers, probes and nucleic acid fragments or seg 
ments to be synthesized by primer extension is defined as a 
molecule comprised of two or more deoxyribonucleotides, 
preferably more than three. 
0101 The term “primer' as used herein refers to a poly 
nucleotide whether purified from a nucleic acid restriction 
digest or produced synthetically, which is capable of acting as 
a point of initiation of nucleic acid synthesis when placed 
under conditions in which synthesis of a primer extension 
product which is complementary to a nucleic acid strand is 
induced, i.e., in the presence of nucleotides and an agent for 
polymerization Such as DNA polymerase, reverse tran 
Scriptase and the like, and at a Suitable temperature and pH. 
The primer is preferably single stranded for maximum effi 
ciency, but may alternatively be in double stranded form. If 
double stranded, the primer is first treated to separate it from 
its complementary strand before being used to prepare exten 
sion products. Preferably, the primer is a polydeoxyribo 
nucleotide. The primer must be sufficiently long to prime the 
synthesis of extension products in the presence of the agents 
for polymerization. The exact lengths of the primers will 
depend on many factors, including temperature and the 
Source of primer. 
0102 The primers used herein are selected to be “substan 

tially” complementary to the different strands of each specific 
sequence to be amplified. This means that the primer must be 
Sufficiently complementary so as to non-randomly hybridize 
with its respective template strand. Therefore, the primer 
sequence may or may not reflect the exact sequence of the 
template. 
0103) The polynucleotide primers can be prepared using 
any suitable method, such as, for example, the phosphotri 
ester or phosphodiester methods described in Narang et al., 
(1979) Meth. Enzymol. 68:90; U.S. Pat. No. 4,356,270, U.S. 
Pat. No. 4,458,066, U.S. Pat. No. 4,416,988, U.S. Pat. No. 
4.293,652; and Brown et al., (1979) Meth. Enzymol., 68:109. 
The contents of all the foregoing documents are incorporated 
herein by reference. 
0104. Once the encoding oligonucleotide tag has been 
amplified, the sequence of the tag, and ultimately the compo 
sition of the selected molecule, can be determined using 
nucleic acid sequence analysis, a well known procedure for 
determining the sequence of nucleotide sequences. Nucleic 
acid sequence analysis is approached by a combination of (a) 
physiochemical techniques, based on the hybridization or 
denaturation of a probe Strand plus its complementary target, 
and (b) enzymatic reactions with polymerases. 
0105. The invention further relates to the compounds 
which can be produced using the methods of the invention, 
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and collections of such compounds, either as isolated species 
or pooled to form a library of chemical structures. Com 
pounds of the invention include compounds of the formula 

where X is a functional moiety comprising one or more build 
ing blocks, Z is an oligonucleotide attached at its 3' terminus 
to B and Y is an oligonucleotide which is attached to Cat its 
5' terminus. A is a functional group that forms a covalent bond 
with X, B is a functional group that forms a bond with the 
3'-end of Zand C is a functional group that forms a bond with 
the 5'-end of Y. D, F and E are chemical groups that link 
functional groups A, C and B to S, which is a core atom or 
scaffold. Preferably, D, E and F are each independently a 
chain of atoms, such as an alkylene chain oran oligo(ethylene 
glycol) chain, and D, E and F can be the same or different, and 
are preferably effective to allow hybridization of the two 
oligonucleotides and synthesis of the functional moiety. 
0106 Preferably, Y and Z are substantially complemen 
tary and are oriented in the compound so as to enable Watson 
Crick base pairing and duplex formation under Suitable con 
ditions. Y and Z are the same length or different lengths. 
Preferably, Y and Z are the same length, or one ofY and Z is 
from 1 to 10 bases longer than the other. In a preferred 
embodiment, Y and Z are each 10 or more bases in length and 
have complementary regions often or more base pairs. More 
preferably, Yand Zare substantially complementary through 
out their length, i.e., they have no more than one mismatch per 
every ten base pairs. Most preferably, Y and Z are comple 
mentary throughout their length, i.e., except for any overhang 
region on Y or Z, the strands hybridize via Watson-Crick base 
pairing with no mismatches throughout their entire length. 
0107 S can be a single atom or a molecular scaffold. For 
example, S can be a carbon atom, a boron atom, a nitrogen 
atom or a phosphorus atom, or a polyatomic scaffold, such as 
a phosphate group or a cyclic group. Such as a cycloalkyl, 
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, aryl or 
heteroaryl group. In one embodiment, the linker is a group of 
the structure 

OP(O)2O--(CH2CH2O)-OPO-- 

--en-O OP(O)O--(CH2CH2O)p-OPO 
where each of n, mand p is, independently, an integer from 1 
to about 20, preferably from 2 to eight, and more preferably 
from 3 to 6. In one particular embodiment, the linker has the 
structure shown below. 
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0108. In one embodiment, the libraries of the invention all library members. By “substantially all library members is 
include molecules consisting of a functional moiety com 
posed of building blocks, where each functional moiety is 
operatively linked to an encoding oligonucleotide. The nucle 
otide sequence of the encoding oligonucleotide is indicative 
of the building blocks present in the functional moiety, and in 
Some embodiments, the connectivity or arrangement of the 
building blocks. The invention provides the advantage that 
the methodology used to construct the functional moiety and 
that used to construct the oligonucleotide tag can be per 
formed in the same reaction medium, preferably an aqueous 
medium, thus simplifying the method of preparing the library 
compared to methods in the prior art. In certain embodiments 
in which the oligonucleotide ligation steps and the building 
blockaddition steps can both be conducted in aqueous media, 
each reaction will have a different pH optimum. In these 
embodiments, the building block addition reaction can be 
conducted at a suitable pH and temperature in a Suitable 
aqueous buffer. The buffer can then be exchanged for an 
aqueous buffer which provides a suitable pH for oligonucle 
otide ligation. 
0109. One advantage of the methods of the invention is 
that they can be used to prepare libraries comprising vast 
numbers of compounds. The ability to amplify encoding oli 
gonucleotide sequences using known methods such as poly 
merase chain reaction (“PCR) means that selected mol 
ecules can be identified even if relatively few copies are 
recovered. This allows the practical use of very large libraries, 
which, as a consequence of their high degree of complexity, 
either comprise relatively few copies of any given library 
member, or require the use of very large Volumes. For 
example, a library consisting of 10 unique structures in 
which each structure has 1x10" copies (about 1 picomole), 
requires about 100 L of solution at 1 uM effective concentra 
tion. For the same library, if each member is represented by 
1,000,000 copies, the volume required is 100 uL at 1 uM 
effective concentration. 
0110. In a preferred embodiment, the library comprises 
from about 10 to about 10" copies of each library member. 
Given differences in efficiency of synthesis among the library 
members, it is possible that different library members will 
have different numbers of copies in any given library. There 
fore, although the number of copies of each member theoreti 
cally present in the library may be the same, the actual number 
of copies of any given library member is independent of the 
number of copies of any other member. More preferably, the 
compound libraries of the invention include at least about 10, 
10° or 10 copies of each library member, or of substantially 

meant at least about 85% of the members of the library, 
preferably at least about 90%, and more preferably at least 
about 95% of the members of the library. 
0111 Preferably, the library includes a sufficient number 
of copies of each member that multiple rounds (i.e., two or 
more) of selection against a biological target can be per 
formed, with Sufficient quantities of binding molecules 
remaining following the final round of selection to enable 
amplification of the oligonucleotide tags of the remaining 
molecules and, therefore, identification of the functional moi 
eties of the binding molecules. A schematic representation of 
such a selection process is illustrated in FIG. 6, in which 1 and 
2 represent library members, B is a target molecule and X is 
a moiety operatively linked to B that enables the removal of B 
from the selection medium. In this example, compound 1 
binds to B, while compound 2 does not bind to B. The selec 
tion process, as depicted in Round 1, comprises (I) contacting 
a library comprising compounds 1 and 2 with B-X under 
conditions suitable for binding of compound 1 to B; (II) 
removing unbound compound 2. (III) dissociating compound 
1 from B and removing BX from the reaction medium. The 
result of Round 1 is a collection of molecules that is enriched 
in compound 1 relative to compound 2. Subsequent rounds 
employing steps I-III result in further enrichment of com 
pound 1 relative to compound 2. Although three rounds of 
selection are shown in FIG. 6, in practice any number of 
rounds may be employed, for example from one round to ten 
rounds, to achieve the desired enrichment of binding mol 
ecules relative to non-binding molecules. 
0.112. In the embodiment shown in FIG. 6, there is no 
amplification (synthesis of more copies) of the compounds 
remaining after any of the rounds of selection. Such amplifi 
cation can lead to a mixture of compounds which is not 
consistent with the relative amounts of the compounds 
remaining after the selection. This inconsistency is due to the 
fact that certain compounds may be more readily synthesized 
that other compounds, and thus may be amplified in a manner 
which is not proportional to their presence following selec 
tion. For example, if compound 2 is more readily synthesized 
than compound 1, the amplification of the molecules remain 
ing after Round 2 would result in a disproportionate amplifi 
cation of compound 2 relative to compound 1, and a resulting 
mixture of compounds with a much lower (ifany) enrichment 
of compound 1 relative to compound 2. 
0113. In one embodiment, the target is immobilized on a 
Solid Support by any known immobilization technique. The 
Solid Support can be, for example, a water-insoluble matrix 
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contained within a chromatography column or a membrane. 
The encoded library can be applied to a water-insoluble 
matrix contained within a chromatography column. The col 
umn is then washed to remove non-specific binders. Target 
bound compounds can then be dissociated by changing the 
pH, salt concentration, organic solvent concentration, or 
other methods, such as competition with a known ligand to 
the target. 
0114. In another embodiment, the target is free in solution 
and is incubated with the encoded library. Compounds which 
bind to the target (also referred to herein as “ligands') are 
selectively isolated by a size separation step Such as gel fil 
tration or ultrafiltration. In one embodiment, the mixture of 
encoded compounds and the target biomolecule are passed 
through a size exclusion chromatography column (gel filtra 
tion), which separates any ligand-target complexes from the 
unbound compounds. The ligand-target complexes are trans 
ferred to a reverse-phase chromatography column, which 
dissociates the ligands from the target. The dissociated 
ligands are then analyzed by PCR amplification and sequence 
analysis of the encoding oligonucleotides. This approach is 
particularly advantageous in situations where immobilization 
of the target may result in a loss of activity. 
0115 Once single ligands are identified by the above 
described process, various levels of analysis can be applied to 
yield structure-activity relationship information and to guide 
further optimization of the affinity, specificity and bioactivity 
of the ligand. For ligands derived from the same scaffold, 
three-dimensional molecular modeling can be employed to 
identify significant structural features common to the ligands, 
thereby generating families of Small-molecule ligands that 
presumably bind at a common site on the target biomolecule. 
0116 A variety of screening approaches can be used to 
obtain ligands that possess high affinity for one target but 
significantly weaker affinity for another closely related target. 
One Screening strategy is to identify ligands for both biomol 
ecules in parallel experiments and to Subsequently eliminate 
common ligands by a cross-referencing comparison. In this 
method, ligands for each biomolecule can be separately iden 
tified as disclosed above. This method is compatible with both 
immobilized target biomolecules and target biomolecules 
free in solution. 

0117 For immobilized target biomolecules, another strat 
egy is to add a preselection step that eliminates all ligands that 
bind to the non-target biomolecule from the library. For 
example, a first biomolecule can be contacted with an 
encoded library as described above. Compounds which do 
not bind to the first biomolecule are then separated from any 
first biomolecule-ligand complexes which form. The second 
biomolecule is then contacted with the compounds which did 
not bind to the first biomolecule. Compounds which bind to 
the second biomolecule can be identified as described above 
and have significantly greater affinity for the second biomol 
ecule than to the first biomolecule. 

0118. A ligand for a biomolecule of unknown function 
which is identified by the method disclosed above can also be 
used to determine the biological function of the biomolecule. 
This is advantageous because although new gene sequences 
continue to be identified, the functions of the proteins 
encoded by these sequences and the validity of these proteins 
as targets for new drug discovery and development are diffi 
cult to determine and represent perhaps the most significant 
obstacle to applying genomic information to the treatment of 
disease. Target-specific ligands obtained through the process 
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described in this invention can be effectively employed in 
whole cell biological assays or in appropriate animal models 
to understand both the function of the target protein and the 
validity of the target protein for therapeutic intervention. This 
approach can also confirm that the target is specifically ame 
nable to Small molecule drug discovery. 
0119. In one embodiment, one or more compounds within 
a library of the invention are identified as ligands for a par 
ticular biomolecule. These compounds can then be assessed 
in an in vitro assay for the ability to bind to the biomolecule. 
Preferably, the functional moieties of the binding compounds 
are synthesized without the oligonucleotide tag or linker moi 
ety, and these functional moieties are assessed for the ability 
to bind to the biomolecule. 

0.120. The effect of the binding of the functional moieties 
to the biomolecule on the function of the biomolecule can also 
be assessed using in vitro cell-free or cell-based assays. For a 
biomolecule having a known function, the assay can include 
a comparison of the activity of the biomolecule in the pres 
ence and absence of the ligand, for example, by direct mea 
Surement of the activity, Such as enzymatic activity, or by an 
indirect measure. Such as a cellular function that is influenced 
by the biomolecule. If the biomolecule is of unknown func 
tion, a cell which expresses the biomolecule can be contacted 
with the ligand and the effect of the ligand on the viability, 
function, phenotype, and/or gene expression of the cell is 
assessed. The in vitro assay can be, for example, a cell death 
assay, a cell proliferation assay or a viral replication assay. 
For example, if the biomolecule is a protein expressed by a 
virus, a cell infected with the virus can be contacted with a 
ligand for the protein. The affect of the binding of the ligand 
to the protein on viral viability can then be assessed. 
I0121. A ligand identified by the method of the invention 
can also be assessed in an in vivo model or in a human. For 
example, the ligand can be evaluated in an animal or organism 
which produces the biomolecule. Any resulting change in the 
health status (e.g., disease progression) of the animal or 
organism can be determined. 
0.122 For a biomolecule, such as a protein or a nucleic acid 
molecule, of unknown function, the effect of a ligand which 
binds to the biomolecule on a cell or organism which pro 
duces the biomolecule can provide information regarding the 
biological function of the biomolecule. For example, the 
observation that aparticular cellular process is inhibited in the 
presence of the ligand indicates that the process depends, at 
least in part, on the function of the biomolecule. 
I0123 Ligands identified using the methods of the inven 
tion can also be used as affinity reagents for the biomolecule 
to which they bind. In one embodiment, Such ligands are used 
to effect affinity purification of the biomolecule, for example, 
Viachromatography of a solution comprising the biomolecule 
using a solid phase to which one or more Such ligands are 
attached. 

0.124. This invention is further illustrated by the following 
examples which should not be construed as limiting. The 
contents of all references, patents and published patent appli 
cations cited throughout this application, as well as the Fig 
ures and the Sequence Listing, are hereby incorporated in 
reference. 
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EXAMPLES 

Example 1 -continued 

Synthesis and Characterization of a Library on the NH 
Order of 10 Members 2 

0.125. The synthesis of a library comprising on the order of O 
10 distinct members was accomplished using the following 
reagents: 

Fmoc OH 

SN 
Compound 1: O 

0126 

O (1) 

o Ho-1-N-11a-'N 4. 
c/ O-TGACTCCCAAATCAATGTG-3 

O 

HN 

f O O O of o-1N1,N1 No1 N1 SK 
c/ O-ACTGAGGGTTTAGTTAC-PO-5' 

O 

Single letter codes for deoxyribonucleotides: 
A adenosine -continued 
C-cytidine NH2 
G-guanosine 
T-thymidine O 

Building Block Precursors: 

O127 Fmoc- OH 
N 
H 

BB1 O 
O 

Fmoc OH 
n N 
H 

O HN 
BB2 

Fmoc OH 

NN ~ 
O Fmoc 2. OH 

NN ~ H 

O 

BB3 

Fmoc OH Fmoc OH 
n N n N 
H H 
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BB4 

BB5 

BB6 
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- Continued - Continued 

Sequence Tag number 
Sequence Tag number 

5'-PO-TCAGAGCGA (SEQ ID NO : 61) 3.7 
CAAGTCTCG-PO-5' (SEQ ID No. 62) 

5'-PO-GTCTGCTCC (SEQ ID NO: O9) is 7 
5'-PO-TTGCTCGGA (SEQ ID NO: 63) 3. 8 
CAAACGAGC-PO-5' (SEQ ID NO: 64) AACAGACGA-PO-5' (SEQ ID NO: 110) 

5'-PO-GCAGTTGGA (SEQ ID NO: 65) 3.9 
CACGTCAAC-PO-5' (SEQ ID NO: 66) 5'-PO - CGACAGACC (SEQ ID NO: 1) 5.8 

AAGCTGTCT-PO-5' (SEQ ID NO: 2) 
5'-PO-GCCTGAAGA (SEQ ID NO: 67) 3.10 
CACGGACTT-PO-5' (SEQ ID NO: 68) 

5'-PO,-CCCTACTCC (SEQ ID NO: 3) 5.9 
5'-PO-GTAGCCAGA (SEQ ID NO: 69) 3.11 
CACATCGGT-PO-5' (SEQ ID NO : 7 O) AAGCGATGA-PO-5' (SEQ ID NO: 4) 

5'-PO-GTCGCTTGA (SEQ ID NO : 71) 3.12 
CACAGCGAA-PO-5' (SEQ ID NO: 72) 5'-PO - CCACAGACC (SEQ ID NO: 5) 5. 10 

AAGGTGTCT-PO-5' (SEQ ID NO: 6) 
5'-PO-GCCTAAGTT (SEQ ID NO: 73) 4.1 
CTCGGATTC-PO-5' (SEQ ID NO: 74) 

5'-PO - CCTCTCTCC (SEQ ID NO: 7) 5.11 
5'-PO-GTAGTGCTT (SEQ ID NO: 75) 4.2 
CTCATCACG-PO-5' (SEQ ID NO: 76) AAGGAGAGA-PO-5' (SEQ ID NO: 8) 

5'-PO-GTCGAAGTT (SEQ ID NO: 77) 4.3 
CTCAGCTTC-PO-5' (SEQ ID NO: 78) 5'-PO,-CTCGTAGCC (SEQ ID NO: 9) 5.12 

AAGAGCATC-PO-5' (SEQ ID NO: 12O) 
5'-PO-GTTTCGGTT (SEQ ID NO: 79) 4. 4. 
CTCAAAGCC-PO-5' (SEQ ID NO: 80) 

lx ligase buffer: 50 mM Tris, pH 7.5; 10 mM dithiothreitol; 10 
5'-PO - CAGCGTTTT (SEQ ID NO: 81) 4.5 mM MgCl2; 2.5 mM ATP; 50 mM. NaCl. 
CTGTCGCAA-PO-5' (SEQ ID NO: 82) 10 x ligase buffer: 500 mM Tris, pH 7.5; 100 mM dithiothreitol; 

100 mM MgCl2; 25 mM ATP; 5 OO mM NaCl 
5'-PO - CATACGCTT (SEQ ID NO: 83) 4.6 
CTGTATGCG-Po-5' (SEQ ID NO: 84) 

5'-PO - CGATCTGTT (SEQ ID NO: 85) 4.7 Cycle 1 
CTGCTAGAC-PO-5' (SEQ ID NO: 86) 

I0129. To each of twelve PCR tubes was added 50 uL of a 
5'-PO - CGCTTTGTT (SEQ ID NO : 87) 4.8 
CTGCGAAAC-PO-5' (SEQ ID NO: 88) 1 mM solution of Compound 1 in water, 75 uL of a 0.80 mM 

solution of one of Tags 1.1-1.12; 15uL 10x ligase buffer and 
10 uL deionized water. The tubes were heated to 95°C. for 1 
minute and then cooled to 16° C. over 10 minutes. To each 

5'-PO - CCACAGTTT (SEQ ID NO: 89) 4.9 
CTGGTGTCA-PO-5' (SEQ ID NO: 90) 

5'-PO - CCTGAAGTT (SEQ ID NO: 91) 4.1. O tube was added 5,000 units T4 DNA ligase (2.5 uL of a 
CTGGACTTC-PO-5' (SEQ ID NO: 92) 2,000,000 unit/mL solution (New England Biolabs, Cat. No. 
5'-PO - CTGACGATT (SEQ ID NO: 93) 4.1.1 M0202)) in 50 ul 1x ligase buffer and the resulting solutions 
CTGACTGCT-PO-5' (SEQ ID NO. 94) were incubated at 16°C. for 16 hours. 

5'-PO - CTCCACTTT (SEQ ID NO: 95) 4. 12 0.130. Following ligation, samples were transferred to 1.5 
r - d. 

CTGAGGTGA-PO-5' (SEQ ID NO: 96) ml Eppendorf tubes and treated with 20LL 5 Maqueous NaCl 
5'-PO-ACCAGAGCC (SEQ ID NO: 97) 5.1 and 500 uL cold (-20°C.) ethanol, and held at -20°C. for 1 
AATGGTCTC-PO-5' (SEQ ID NO: 98) hour. Following centrifugation, the Supernatant was removed 
5'-PO-ATCCGCACC (SEQ ID NO: 99) 5.2 and the pellet was washed with 70% aqueous ethanol at -20° 
AATAGGCGT-PO-5' (SEQ ID NO : 100) C. Each of the pellets was then dissolved in 150 u, of 150 mM 
5'-PO-GACGACACC (SEQ ID NO : 101) 5.3 sodium borate buffer, pH 9.4. 
AACTGCTGT-PO-5' (SEQ ID NO : 102) I0131 Stock solutions comprising one each of building 
5'-PO-GGATGGACC (SEQ ID NO : 103) 5.4 block precursors BB1 to BB12, N,N-diisopropylethanola 
AACCTACCT-PO-5' (SEQ ID NO : 104) mine and O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethylu 

5'-PO-GCAGAAGCC (SEQ ID NO : 105) 5.5 ronium hexafluorophosphate, each at a concentration of 0.25 
AACGTCTTC-PO-5' (SEQ ID NO : 106) M, were prepared in DMF and stirred at room temperature for 

20 minutes. The building block precursor solutions were 
5'-PO-GCCATGTCC (SEQ ID NO : 107) 5.6 
AACGGTACA-PO-5' (SEQ ID NO : 108) added to each of the pellet solutions described above to pro 

vide a 10-fold excess of building block precursor relative to 
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linker. The resulting solutions were stirred. An additional 10 
equivalents of building block precursor was added to the 
reaction mixture after 20 minute, and another 10 equivalents 
after 40 minutes. The final concentration of DMF in the 
reaction mixture was 22%. The reaction solutions were then 

stirred overnight at 4°C. The reaction progress was moni 
tored by RP-HPLC using 50 mM aqueous tetraethylammo 
nium acetate (pH 7.5) and acetonitrile, and a gradient of 
2-46% acetonitrile over 14 min Reaction was stopped when 
~95% of starting material (linker) is acylated. Following acy 
lation the reaction mixtures were pooled and lyophilized to 
dryness. The lyophilized material was then purified by HPLC, 
and the fractions corresponding to the library (acylated prod 
uct) were pooled and lyophilized. 

(0132) The library was dissolved in 2.5 ml of 0.01M 
sodium phosphate buffer (pH=8.2) and 0.1 ml of piperidine 
(4% V/v) was added to it. The addition of piperidine results in 
turbidity which does not dissolve on mixing. The reaction 
mixtures were stirred at room temperature for 50 minutes, and 
then the turbid solution was centrifuged (14,000 rpm), the 
Supernatant was removed using a 200ll pipette, and the pellet 
was resuspended in 0.1 ml of water. The aqueous wash was 
combined with the supernatant and the pellet was discarded. 
The deprotected library was precipitated from solution by 
addition of excess ice-cold ethanol so as to bring the final 
concentration of ethanol in the reaction to 70% w/v. Centrifu 

gation of the aqueous ethanol mixture gave a white pellet 
comprising the library. The pellet was washed once with cold 
70% aq. ethanol. After removal of solvent the pellet was dried 
in air (-5 min) to remove traces of ethanol and then used in 
cycle 2. The tags and corresponding building block precur 
sors used in Round 1 are set forth in Table 1, below. 

TABLE 1. 

Building 
Block 

Precursor Tag 

BB1 .11 

BB2 .6 

BB3 .2 

BB4 8 

BBS .1 

BB6 1O 

BB7 .12 

BB8 5 

BB9 .4 

BB10 3 

BB11 7 

BB12 .9 
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Cycles 2-5 

0.133 
resulting from the previous cycle was divided into 12 equal 
aliquots of 50 ul each and placed in PCR tubes. To each tube 
was added a solution comprising a different tag, and ligation, 

For each of these cycles, the combined solution 

purification and acylation were performed as described for 
Cycle 1, except that for Cycles 3-5, the HPLC purification 
step described for Cycle 1 was omitted. The correspondence 
between tags and building block precursors for Cycles 2-5 is 
presented in Table 2. 
I0134. The products of Cycle 5 were ligated with the clos 
ing primer shown below, using the method described above 
for ligation of tags. 

5'-PO-GGCACATTGATTTGGGAGTCA (SEO ID NO: 893) 

GTGTAACTAAACCCTCAGT-PO-5' (SEQ ID NO: 894) 

TABLE 2 

Building 
Block Cycle 2 Cycle 3 Cycle 4 Cycle 5 
Precursor Tag Tag Tag Tag 

BB1 2.7 3.7 4.7 5.7 

BB2 2.8 3.8 4.8 5.8 

BB3 2.2 3.2 4.2 5.2 

BB4 2.10 3.10 4.10 S.10 

BBS 2.1 3.1 4.1 S.1 

BB6 2.12 3.12 4.12 S.12 

BB7 2.5 3.5 4.5 5.5 

BB8 2.6 3.6 4.6 S.6 

BB9 2.4 3.4 4.4 5.4 

BB10 2.3 3.3 4.3 5.3 

BB11 2.9 3.9 4.9 5.9 

BB12 2.11 3.11 4.11 S.11 

Results: 

0.135 The synthetic procedure described above has the 
capability of producing a library comprising 12 (about 249, 
000) different structures. The synthesis of the library was 
monitored via gel electrophoresis of the product of each 
cycle. The results of each of the five cycles and the final 
library following ligation of the closing primer are illustrated 
in FIG. 7. The compound labeled “head piece' is Compound 
1. The figure shows that each cycle results in the expected 
molecular weight increase and that the products of each cycle 
are Substantially homogeneous with regard to molecular 
weight. 
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Example 2 
Synthesis and Characterization of a Library on the 

Order of 10 Members 

0136. The synthesis of a library comprising on the order of 
10 distinct members was accomplished using the following 

O 

1a-'N-1-1--"N 4. 

reagents: 

Compound 2: 

0137 

O 

O 

HN 

O 

--~~~ O 
O 

Single letter codes for deoxyribonucleotides: 
A adenosine 
C-cytidine 
G-guanosine 
T-thymidine 

Building Block Precursors: 

0138 

Fmoc-NH O 

OH 

Fmoc O 

BB1 

BB2 

O 

N4 
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-continued 

H 

O 

Fmoc OH 
n N 
H 

O 

O-TGACTCCC-3 

O-ACTGAG-PO-5' 

-continued 

C 
Fmoc 

O 

Fmoc OH 

N O 

Fmoc Nulls NN OH 
H 

O 

Fmoc 

COOH 

HN IIIC 

Fmoc OH 

BB3 

BB4 

BB5 

BB6 

BB7 
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TABLE 7-continued 

Correspondence between building blocks and 
oligonucleotide tags for Cycles 1-4. 

Building 
block Cycle 1 Cycle 2 Cycle 3 Cycle 4 

BB33 .33 2.33 3.33 4.33 
BB34 34 2.34 3.34 4.34 
BB3S 35 2.35 3.35 4.35 
BB36 36 2.36 3.36 4.36 
BB37 37 2.37 3.37 437 
BB38 38 2.38 3.38 4.38 
BB39 39 2.39 3.39 4.39 
BB40 .44 2.44 3.44 4.44 
BB41 41 2.41 3.41 4.41 
BB42 42 2.42 3.42 4.42 
BB43 43 2.43 3.43 4.43 
BB44 40 2.40 3.40 4.40 
BB45 45 2.45 3.45 4.45 
BB46 46 2.46 3.46 4.46 
BB47 47 2.47 3.47 4.47 
BB48 48 2.48 3.48 4.48 
BB49 49 2.49 3.49 4.49 
BBSO SO 2.50 3.SO 4SO 
BBS1 S1 2.51 3.51 4.51 
BBS2 52 2.52 3.52 4.52 
BBS3 53 2.53 3.53 453 
BBS4 54 2.54 3.54 4.54 
BB55 55 2.55 3.55 4.SS 
BBS6 S6 2.56 3.56 4.56 
BB57 57 2.57 3.57 4.57 
BBS8 S8 2.58 3.58 4.58 
BB59 59 2.59 3.59 4.59 
BB60 60 2.60 3.60 4.6O 
BB61 61 2.61 3.61 4.61 
BB62 62 2.62 3.62 4.62 
BB63 63 2.63 3.63 4.63 
BB64 .64 2.64 3.64 4.64 
BB6S .65 2.65 3.65 4.65 
BB66 66 2.66 3.66 4.66 
BB67 .67 2.67 3.67 4.67 
BB68 68 2.68 3.68 4.68 
BB69 69 2.69 3.69 4.69 
BB70 70 2.70 3.70 4.70 
BB71 .71 2.71 3.71 4.71 
BB72 72 2.72 3.72 4.72 
BB73 73 2.73 3.73 4.73 
BB74 .74 2.74 3.74 4.74 
BB75 .75 2.75 3.75 4.75 
BB76 .76 2.76 3.76 4.76 
BB77 77 2.77 3.77 4.77 
BB78 .78 2.78 3.78 4.78 
BB79 .79 2.79 3.79 4.79 
BB8O 8O 2.80 3.80 4.8O 
BB81 81 2.81 3.81 4.81 
BB82 82 2.82 3.82 4.82 
BB83 .96 2.96 3.96 4.96 
BB84 .83 2.83 3.83 4.83 
BB85 84 2.84 3.84 4.84 
BB86 .85 2.85 3.85 4.85 
BB87 86 2.86 3.86 4.86 
BB88 87 2.87 3.87 4.87 
BB89 88 2.88. 3.88 4.88 
BB90 89 2.89 3.89 4.89 
BB91 90 2.90 3.90 4.90 
BB92 91 2.91 3.91 4.91 
BB93 92 2.92 3.92 4.92 
BB94 .93 2.93 3.93 4.93 
BB95 .94 2.94 3.94 4.94 
BB96 95 2.95 3.95 4.95 

Sisebuffer 50 mM Tris, pH 7.5; 10 mM dithiothreitol; 10 mMMgCl); 2 mM ATP; 50 
il 8, 

10X ligase buffer: 500 mM Tris, pH 7.5; 100 mM dithiothreitol; 100 mM MgCl); 20 mM 
ATP 500 mMNaCl 

37 
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Attachment of Water Soluble Spacer to Compound 2 
0.139. To a solution of Compound 2 (60 mL, 1 mM) in 
sodium borate buffer (150 mM, pH 9.4) that was chilled to 4° 
C. was added 40 equivalents of N-Fmoc-15-amino-4,7,10,13 
tetraoxaoctadecanoic acid (S-Ado) in N,N-dimethylforma 
mide (DMF) (16 mL, 0.15 M) followed by 40 equivalents of 
4-(4,6-dimethoxy 1.3.5 triazin-2-yl)-4-methylmorpho 
linium chloride hydrate (DMTMM) in water (9.6 mL, 0.25 
M). The mixture was gently shaken for 2 hours at 4°C. before 
an additional 40 equivalents of S-Ado and DMTMM were 
added and shaken for a further 16 hours at 4°C. 
0140. Following acylation, a 0.1x volume of 5 Maqueous 
NaCl and a 2.5x volume of cold (-20°C.) ethanol was added 
and the mixture was allowed to stand at -20°C. for at least 
one hour. The mixture was then centrifuged for 15 minutes at 
14,000 rpm in a 4°C. centrifuge to give a white pellet which 
was washed with cold EtOH and then dried in a lyophilizer at 
room temperature for 30 minutes. The solid was dissolved in 
40 mL of water and purified by Reverse Phase HPLC with a 
Waters Xterra RPs column A binary mobile phase gradient 
profile was used to elute the product using a 50 mMaqueous 
triethylammonium acetate buffer at pH 7.5 and 99% acetoni 
trile/1% water solution. The purified material was concen 
trated by lyophilization and the resulting residue was dis 
solved in 5 mL of water. A 0.1x volume of piperidine was 
added to the Solution and the mixture was gently shaken for 
45 minutes at room temperature. The product was then puri 
fied by ethanol precipitation as described above and isolated 
by centrifugation. The resulting pellet was washed twice with 
cold EtOH and dried by lyophilization to give purified Com 
pound 3. 

Cycle 1 

0.141. To each well in a 96 well plate was added 12.5uL of 
a 4 mM solution of Compound 3 in water; 100 uL of a 1 mM 
Solution of one of oligonucleotide tags 1.1 to 1.96, as shown 
in Table 3 (the molar ratio of Compound 3 to tags was 1:2). 
The plates were heated to 95°C. for 1 minute and then cooled 
to 16°C. over 10 minutes. To each well was added 10 uL of 
10x ligase buffer, 30 units T4 DNA ligase (1 uL of a 30 
unit/L solution (FermentasLifeScience, Cat. No. EL0013)), 
76.5ul of water and the resulting solutions were incubated at 
16° C. for 16 hours. 

0142. After the ligation reaction, 20 uL of 5 Maqueous 
NaCl was added directly to each well, followed by 500 uL 
cold (-20°C.) ethanol, and held at -20°C. for 1 hour. The 
plates were centrifugated for 1 hour at 3200 g in a Beckman 
Coulter Allegra 6R centrifuge using Beckman Microplus 
Carriers. The supernatant was carefully removed by inverting 
the plate and the pellet was washed with 70% aqueous cold 
ethanol at -20° C. Each of the pellets was then dissolved in 
sodium borate buffer (50 uL. 150 mM, pH 9.4) to a concen 
tration of 1 mM and chilled to 4°C. 

0.143 To each solution was added 40 equivalents of one of 
the 96 building block precursors in DMF (13 uL, 0.15 M) 
followed by 40 equivalents of DMT-MM in water (8 uL. 
0.25M), and the solutions were gently shaken at 4°C. After 2 
hours, an additional 40 equivalents of one of each building 
block precursor and DMTMM were added and the solutions 
were gently shaken for 16 hours at 4°C. Following acylation, 
10 equivalents of acetic acid-N-hydroxy-succinimide ester in 
DMF (2 uL, 0.25M) was added to each solution and gently 
shaken for 10 minutes. 
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0144. Following acylation, the 96 reaction mixtures were 
pooled and 0.1 volume of 5M aqueous NaCl and 2.5 volumes 
of cold absolute ethanol were added and the solution was 
allowed to stand at -20°C. for at least one hour. The mixture 
was then centrifuged. Following centrifugation, as much 
Supernatant as possible was removed with a micropipette, the 
pellet was washed with cold ethanol and centrifuged again. 
The supernatant was removed with a 200 uL pipette. Cold 
70% ethanol was added to the tube, and the resulting mixture 
was centrifuged for 5 min at 4°C. 
0145 The supernatant was removed and the remaining 
ethanol was removed by lyophilization at room temperature 
for 10 minutes. The pellet was then dissolved in 2 mL of water 
and purified by Reverse Phase HPLC with a Waters Xterra 
RPs column. A binary mobile phase gradient profile was 
used to elute the library using a 50 mM aqueous triethylam 
monium acetate buffer at pH 7.5 and 99% acetonitrile/1% 
water solution. The fractions containing the library were col 
lected, pooled, and lyophilized. The resulting residue was 
dissolved in 2.5 mL of water and 250 uL of piperidine was 
added. The solution was shaken gently for 45 minutes and 
then precipitated with ethanol as previously described. The 
resulting pellet was dried by lyophilization and then dis 
solved in sodium borate buffer (4.8 mL, 150 mM, pH 9.4) to 
a concentration of 1 mM. 

0146 The solution was chilled to 4°C. and 40 equivalents 
each of N-Fmoc-propargylglycine in DMF (1.2 mL, 0.15 M) 
and DMT-MM in water (7.7 mL, 0.25 M) were added. The 
mixture was gently shaken for 2 hours at 4° C. before an 
additional 40 equivalents of N-Fmoc-propargylglycine and 
DMT-MM were added and the solution was shaken for a 
further 16 hours. The mixture was later purified by EtOH 
precipitation and Reverse Phase HPLC as described above 
and the N-Fmoc group was removed by treatment with pip 
eridine as previously described. Upon final purification by 
EtOH precipitation, the resulting pellet was dried by lyo 
philization and carried into the next cycle of synthesis 

Cycles 2-4 

0147 For each of these cycles, the dried pellet from the 
previous cycle was dissolved in water and the concentration 
of library was determined by spectrophotometry based on the 
extinction coefficient of the DNA component of the library, 
where the initial extinction coefficient of Compound 2 is 
131,500 L/(molecm). The concentration of the library was 
adjusted with water such that the final concentration in the 
subsequent ligation reactions was 0.25 mM. The library was 
then divided into 96 equal aliquots in a 96 well plate. To each 
well was added a solution comprising a different tag (molar 
ratio of the library to tag was 1:2), and ligations were per 
formed as described for Cycle 1. Oligonucleotide tags used in 
Cycles 2, 3 and 4 are set forth in Tables 4, 5 and 6, respec 
tively. Correspondence between the tags and the building 
block precursors for each of Cycles 1 to 4 is provided in Table 
7. The library was precipitated by the addition of ethanol as 
described above for Cycle 1, and dissolved in sodium borate 
buffer (150 mM, pH 9.4) to a concentration of 1 mM. Subse 
quent acylations and purifications were performed as 
described for Cycle 1, except HPLC purification was omitted 
during Cycle 3. 
0148. The products of Cycle 4 were ligated with the clos 
ing primer shown below, using the method described above 
for ligation of tags. 
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(SEO ID NO: 889) 
5'-PO - CAG AAG ACA GAC AAG CTT CAC CTG C 

(SEO ID NO: 890) 
5'-PO-GCA GGT GAA GCT TGT CTG TCT TCT GAA 

Results: 

014.9 The synthetic procedure described above has the 
capability of producing a library comprising 96 (about 10) 
different structures. The synthesis of the library was moni 
tored via gel electrophoresis and LC/MS of the product of 
each cycle. Upon completion, the library was analyzed using 
several techniques. FIG.13a is a chromatogram of the library 
following Cycle 4, but before ligation of the closing primer; 
FIG. 13b is a mass spectrum of the library at the same syn 
thetic stage. The average molecular weight was determined 
by negative ion LC/MS analysis. The ion signal was decon 
voluted using ProMass software. This result is consistent with 
the predicted average mass of the library. 
0150. The DNA component of the library was analyzed by 
agarose gel electrophoresis, which showed that the majority 
of library material corresponds to ligated product of the cor 
rect size. DNA sequence analysis of molecular clones of PCR 
product derived from a sampling of the library shows that 
DNA ligation occurred with high fidelity and to near comple 
tion. 

Library Cyclization 

0151. At the completion of Cycle 4, a portion of the library 
was capped at the N-terminus using azidoacetic acid under 
the usual acylation conditions. The product, after purification 
by EtOH precipitation, was dissolved in sodium phosphate 
buffer (150 mM, pH 8) to a concentration of 1 mM and 4 
equivalents each of CuSO in water (200 mM), ascorbic acid 
in water (200 mM), and a solution of the compound shown 
below in DMF (200 mM) were added. The reaction mixture 
was then gently shaken for 2 hours at room temperature. 

Z. { N 
N gr) N-ph N 2 N 

Pi—/ \- 

K. 
0152 To assay the extent of cyclization, 5 uL aliquots 
from the library cyclization reaction were removed and 
treated with a fluorescently-labeled azide or alkyne (1 uL of 
100 mM DMF stocks) prepared as described in Example 4. 
After 16 hours, neither the alkyne or azide labels had been 
incorporated into the library by HPLC analysis at 500 nm. 
This result indicated that the library no longer contained azide 
or alkyne groups capable of cycloaddition and that the library 
must therefore have reacted with itself, either through 
cyclization or intermolecular reactions. The cyclized library 
was purified by Reverse Phase HPLC as previously 
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described. Control experiments using uncyclized library 
showed complete incorporation of the fluorescent tags men 
tioned above. 

Example 4 
Preparation of Fluorescent Tags for Cyclization 

Assay 
0153. In separate tubes, propargyl glycine or 2-amino-3- 
phenylpropylazide (8 umol each) was combined with FAM 
OSu (Molecular Probes Inc.) (1.2 equiv.) in pH 9.4 borate 
buffer (250 uL). The reactions were allowed to proceed for 3 
hat room temperature, and were then lyophilized overnight. 
Purification by HPLC afforded the desired fluorescent alkyne 
and azide in quantitative yield. 

HO 

Fluorescent azide 
labeling agent 

39 

FAM-OS 
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Example 5 

Cyclization of Individual Compounds Using the 
AZide/Alkyne Cycloaddition Reaction 

Preparation of Azidoacetyl-Gly-Pro-Phe-Pra-NH. (SEQ ID 
NO:895): 
0154 Using 0.3 mmol of Rink-amide resin, the indicated 
sequence was synthesized using standard solid phase synthe 
sis techniques with Fmoc-protected amino acids and HATU 
as activating agent (Pra-C-propargylglycine). AZidoacetic 
acid was used to cap the tetrapeptide. The peptide was cleaved 
from the resin with 20% TFA/DCM for 4 h. Purification by 
RPHPLC afforded product as a white solid (75 mg, 51%). "H 
NMR (DMSO-de, 400 MHz): 8.4-7.8 (m, 3H), 7.4-7.1 (m, 

O O 

DC 
CO2H 

NH2 

CO2H 
pH 9.5 borate W 

HO O O 

CO2H 

CO2H 

W 
Fluorescent alkyne 

labeling agent 
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7H), 4.6-4.4 (m. 1H), 4.4–4.2 (m, 2H), 4.0-3.9 (m. 2H), 3.74 
(dd. 1H, J=6 Hz, 17 Hz), 3.5-3.3 (m, 2H), 3.07 (dt, 1H, J=5 
HZ, 14 Hz), 2.92 (dd. 1H, J=5 Hz, 16 Hz), 2.86 (t, 1H, J–2 Hz), 
2.85-2.75 (m. 1H), 2.6-2.4 (m. 2H), 2.2-1.6 (m, 4H). IR (mull) 
2900, 2100, 1450, 1300 cm. ESIMS 497.4 (IM+H, 100%), 
993.4 (2M+H, 50%). ESIMS with ion-source fragmenta 
tion: 519.3 (M+Nal, 100%), 491.3 (100%), 480.1 (M- 
NH), 90%), 452.2 (M-NH-CO), 20%), 424.2 (20%), 
385.1 (IM-Pral, 50%), 357.1 (M-Pra-CO), 40%), 238.0 
(M-Pra-Phel, 100%). 
Cyclization of Azidoacetyl-Gly-Pro-Phe-Pra-NH. (SEQ ID 
NO:895): 
0155 

N H O 2 

O / { N 
)- O O N 

N Ph H C(O)NH 

0156 The azidoacetyl peptide (31 mg, 0.62 mmol) was 
dissolved in Mecn (30 mL). Diisopropylethylamine (DIEA, 
1 mL) and Cu(MeCN), PF (1 mg) were added. After stirring 
for 1.5 h, the solution was evaporated and the resulting resi 
due was taken up in 20% MeCN/HO. After centrifugation to 
remove insoluble salts, the solution was subjected to prepara 
tive reverse phase HPLC. The desired cyclic peptide was 
isolated as a white solid (10 mg, 32%). H NMR (DMSO-de, 
400 MHz): 8.28 (t, 1H, J=5 Hz), 7.77 (s, 1H), 7.2-6.9 (m,9H), 
4.98 (m. 2H), 4.48 (m. 1H), 4.28 (m. 1H), 4.1-3.9 (m. 2H), 
3.63 (dd. 1H, J=5 Hz, 16 Hz), 3.33 (m, 2H), 3.0 (m, 3H), 2.48 
(dd. 1H, J=11 Hz, 14 Hz), 1.75 (m, 1H0, 1.55 (m, 1H), 1.32 
(m. 1H), 1.05 (m. 1H). IR (mull) 2900, 1475, 1400 cm. 
ESIMS 497.2 (IM+H, 100%), 993.2 (2M+H, 30%), 1015.2 
(2M+Na, 15%). ESIMS with ion-source fragmentation: 
535.2 (70%), 519.3 (IM+Na, 100%), 497.2 (M+H, 80%), 
480.1 (M-NH), 30%), 452.2 (M-NH-CO), 40%), 208.1 
(60%). 

Preparation of Azidoacetyl-Gly-Pro-Phe-Pra-Gly-OH (SEQ 
ID NO:895): 

0157. Using 0.3 mmol of Glycine-Wang resin, the indi 
cated sequence was synthesized using Fmoc-protected amino 
acids and HATU as the activating agent. AZidoacetic acid was 
used in the last coupling step to cap the pentapeptide. Cleav 
age of the peptide was achieved using 50%TFA/DCM for 2 h. 
Purification by RPHPLC afforded the peptide as a white solid 
(83 mg: 50%). "H NMR (DMSO-de, 400 MHz): 8.4-7.9 (m, 
4H), 7.2 (m, 5H), 4.7-4.2 (m, 3H), 4.0-3.7 (m, 4H), 3.5-3.3 
(m. 2H), 3.1 (m. 1H), 2.91 (dd. 1H, J–4 Hz, 16 Hz), 2.84 (t, 
1H, J–2.5Hz), 2.78 (m. 1H), 2.6-2.4 (m, 2H), 2.2-1.6 (m, 4H). 
IR (mull) 2900, 2100, 1450, 1350 cm. ESIMS 555.3 (M+ 
HI, 100%). ESIMS with ion-source fragmentation: 577.1 
(M+Na), 90%), 555.3 (M+H, 80%), 480.1 (IM-Gly, 
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100%), 385.1 (IM-Gly-Pral, 70%), 357.1 (M-Gly-Pra 
CO), 40%), 238.0 (M-Gly-Pra-Phel, 80%). 

Cyclization of Azidoacetyl-Gly-Pro-Phe-Pra-Gly-OH (SEQ 
ID NO:895): 
0158. The peptide (32 mg, 0.058 mmol) was dissolved in 
MeCN (60 mL). Diisopropylethylamine (1 mL) and 
Cu(MeCN), PF (1 mg) were added and the solution was 
stirred for 2 h. The solvent was evaporated and the crude 
product was subjected to RP HPLC to remove dimers and 
trimers. The cyclic monomer was isolated as a colorless glass 
(6 mg, 20%). ESIMS 555.6 (M+H, 100%), 1109.3 (2M+ 
H), 20%), 1131.2 (2M+Na, 15%). 

Ph O 

H 
N 

N NH 

O Cu(MeCN)4PF 

DIEA, MeCN O C(O)NH2 

HN O 

Y. e N 

NNW 

0159 ESIMS with ion source fragmentation: 555.3 (M+ 
H), 100%), 480.4 (IM-Gly, 30%), 452.2 (M-Gly-CO), 
25%), 424.5 (M-Gly-2CO. 10%, only possible in a cyclic 
structure). 

Conjugation of Linear Peptide to DNA: 

0160 Compound 2 (45 nmol) was dissolved in 45 uL 
sodium borate buffer (pH 9.4: 150 mM). At 4° C., linear 
peptide (18 uL of a 100 mM stock in DMF; 180 nmol; 40 
equiv.) was added, followed by DMT-MM (3.6 uL of a 500 
mM stock in water; 180 nmol; 40 equiv.). After agitating for 
2 h, LCMS showed complete reaction, and product was iso 
lated by ethanol precipitation. ESIMS 1823.0 (M-3HI/3, 
20%), 1367.2 (M-4H1/4, 20%), 1093.7 (M-5H/5, 40%), 
911.4 (IM-6HI/6, 100%). 

Conjugation of Cyclic Peptide to DNA: 

0.161 Compound 2 (20 nmol) was dissolved in 20 uL 
sodium borate buffer (pH 9.4, 150 mM). At 4° C., linear 
peptide (8 uL of a 100 mM stock in DMF; 80 nmol; 40 equiv.) 
was added, followed by DMT-MM (1.6L of a 500 mM stock 
in water, 80 nmol; 40 equiv.). After agitating for 2 h, LCMS 
showed complete reaction, and product was isolated by etha 
nol precipitation. ESIMS 1823.0 (M-3HI/3, 20%), 1367.2 
(IM-4H1/4, 20%), 1093.7 (M-5HI/5, 40%), 911.4 (M- 
6HI/6, 100%). 

Cyclization of DNA-Linked Peptide: 

0162 Linear peptide-DNA conjugate (10 nmol) was dis 
solved in pH 8 sodium phosphate buffer (10 uI, 150 mm) At 
room temperature, 4 equivalents each of CuSO4, ascorbic 
acid, and the Sharpless ligand were all added (0.2 L of 200 
mM stocks). The reaction was allowed to proceed overnight. 
RPHPLC showed that no linear peptide-DNA was present, 
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and that the product co-eluted with authentic cyclic peptide 
DNA. No traces of dimers or other oligomers were observed. 

Jun. 9, 2011 

is added as a DMF solution. The reaction is followed by 
LCMS and is usually complete after 2 h. The resulting diami 

Ph 

O 
2 H 

O N 
H H Cu(MeCN)4PF6 N NH 
N N CO2H DIEA O 

N N n1 -- O O N 
H MeCN, 1.5 h., rt M 

O O O N HN 
NH O Ph HN v V 

N w N CO2H 

O 

1 mM DNA-Unilinker, 1 mM DNA-Unilinker, 

DMT-MM, pH 9.5 DMT-MM, pH 9.5 

Ph 

O 

a 4 equiv. each U. 
H O H O CuSO4, ascorbic N NH 
N Null acid, ligand O O 

- N N N H 8 phosph O N a O O O p phosphate N HN 
NH O Ph ligand = HN N X 

N O N. & x. 
Ns in& 

elutes (a 4.48 min. N N N O 

N elutes (a 4.27 min. 
Ph/, 

LC conditions: Targa C18, 2.1 x 40 mm, 10-40% 
MeCN in 40mMaq. TEAA over 8 min. 

Example 6 

Application of Aromatic Nucleophilic Substitution 
Reactions to Functional Moiety Synthesis 

0163 General Procedure for Arylation of Compound 3 
with Cyanuric Chloride: 
0164 Compound 2 is dissolved in pH 9.4 sodium borate 
bufferata concentration of 1 mM. The solution is cooled to 4° 
C. and 20 equivalents of cyanuric chloride is then added as a 
500 mM solution in MeCN. After 2 h, complete reaction is 
confirmed by LCMS and the resulting dichlorotriazine-DNA 
conjugate is isolated by ethanol precipitation. 

Procedure for Amine Substitution of Dichlorotriazine-DNA: 

0.165. The dichlorotriazine-DNA conjugate is dissolved in 
pH 9.5 borate buffer at a concentration of 1 mM. At room 
temperature, 40 equivalents of an aliphatic amine is added as 
a DMF solution. The reaction is followed by LCMS and is 
usually complete after 2 h. The resulting alkylamino 
monochlorotriazine-DNA conjugate is isolated by ethanol 
precipitation. 

Procedure for Amine Substitution of Monochlorotriazine 
DNA: 

0166 The alkylamino-monochlorotriazine-DNA conju 
gate is dissolved in pH 9.5 borate buffer at a concentration of 
1 mM. At 42°C., 40 equivalents of a second aliphatic amine 

notriazine-DNA conjugate is isolated by ethanol precipita 
tion. 

Example 7 

Application of Reductive Amination Reactions to 
Functional Moiety Synthesis 

(0167 General Procedure for Reductive Amination of 
DNA-Linker Containing a Secondary Amine with an Alde 
hyde Building Block: 
0168 Compound 2 was coupled to an N-terminal proline 
residue. The resulting compound was dissolved in Sodium 
phosphate buffer (50 uL. 150 mM, pH 5.5) at a concentration 
of 1 mM. To this solution was added 40 equivalents each of an 
aldehyde building block in DMF (8 uL, 0.25M) and sodium 
cyanoborohydride in DMF (8 uL, 0.25M) and the solution 
was heated at 80° C. for 2 hours. Following alkylation, the 
Solution was purified by ethanol precipitation. 
General Procedure for Reductive Aminations of DNA-Linker 
Containing an Aldehyde with Amine Building Blocks: 
0169 Compound 2 coupled to a building block compris 
ing an aldehyde group was dissolved in Sodium phosphate 
buffer (50 uL. 250 mM, pH 5.5) at a concentration of 1 mM. 
To this solution was added 40 equivalents each of an amine 
building block in DMF (8LL, 0.25M) and sodium cyanoboro 
hydride in DMF (8 uL, 0.25M) and the solution was heated at 
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80° C. for 2 hours. Following alkylation, the solution was 
purified by ethanol precipitation. 

Example 8 

Application of Peptoid Building Reactions to Func 
tional Moiety Synthesis 

General Procedure for Peptoid Synthesis on DNA-Linker: 

0170 

O 

O 

inus N O1 

HN1) DNA-Linker O 
40 eqivalents 

O 

null HN1 NR N 1) DNA-Linker ES - 
40 eqivalents 

R 
O 

itsul N1) DNA-Linker 
0171 Compound 2 was dissolved in sodium borate buffer 
(50 uL. 150 mM, pH 9.4) at a concentration of 1 mM and 
chilled to 4°C. To this solution was added 40 equivalents of 
N-hydroxysuccinimidyl bromoacetate in DMF (13 uL, 0.15 
M) and the solution was gently shaken at 4°C. for 2 hours. 
Following acylation, the DNA-Linker was purified by ethanol 
precipitation and redissolved in sodium borate buffer (50 uL. 
150 mM, pH 9.4) at a concentration of 1 mM and chilled to 4 
C. To this solution was added 40 equivalents of an amine 
building block in DMF (13 uL, 0.15 M) and the solution was 
gently shaken at 4°C. for 16 hours. Following alkylation, the 
DNA-linker was purified by ethanol precipitation and redis 
solved in sodium borate buffer (50 uL. 150 mM, pH 9.4) at a 
concentration of 1 mM and chilled to 4°C. Peptoid synthesis 
is continued by the stepwise addition of N-hydroxysuccinim 
idyl bromoacetate followed by the addition of an amine build 
ing block. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 9 O4 

<21 Os SEQ ID NO 1 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

42 
Jun. 9, 2011 

Example 9 
Application of the Azide-Alkyne Cycloaddition 

Reaction to Functional Moiety Synthesis 
General Procedure 

0172 An alkyne-containing DNA conjugate is dissolved 
in pH 8.0 phosphate buffer at a concentration of ca. 1 mM. To 
this mixture is added 10 equivalents of an organic azide and 5 
equivalents each of copper(II) sulfate, ascorbic acid, and the 
ligand (tris-((1-benzyltriazol-4-yl)methyl)amine all at room 
temperature. The reaction is followed by LCMS, and is usu 
ally complete after 1-2 h. The resulting triazole-DNA conju 
gate can be isolated by ethanol precipitation. 

Example 10 
Identification of a Ligand to Abl Kinase from within 

an Encoded Library 
(0173 The ability to enrichmolecules of interestina DNA 
encoded library above undesirable library members is para 
mount to identifying single compounds with defined proper 
ties against therapeutic targets of interest. To demonstrate this 
enrichment ability a known binding molecule (described by 
Shah et al., Science 305,399-401 (2004), incorporated herein 
by reference) to rhAbl kinase (GenBank U07563) was syn 
thesized. This compound was attached to a double stranded 
DNA oligonucleotide via the linker described in the preced 
ing examples using standard chemistry methods to produce a 
molecule similar (functional moiety linked to an oligonucle 
otide) to those produced via the methods described in 
Examples 1 and 2. A library generally produced as described 
in Example 2 and the DNA-linked Abl kinase binder were 
designed with unique DNA sequences that allowed qPCR 
analysis of both species. The DNA-linked Abl kinase binder 
was mixed with the library at a ratio of 1:1000. This mixture 
was equilibrated with to rhAble kinase, and the enzyme was 
captured on a solid phase, washed to remove non-binding 
library members and binding molecules were eluted. The 
ratio of library molecules to the DNA-linked Abl kinase 
inhibitor in the eluate was 1:1, indicating a greater than 500 
fold enrichment of the DNA-linked Abl-kinase binder in a 
1000-fold excess of library molecules. 

EQUIVALENTS 
0.174 Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, many 
equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encom 
passed by the following claims. 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs SEQUENCE: 1 

gcaacgaag 
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- Continued 

<210s, SEQ ID NO 2 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 2 

<210s, SEQ ID NO 3 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 3 

gcgtacaag 

<210s, SEQ ID NO 4 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 4 

tgitacgc.ca 

<210s, SEQ ID NO 5 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 5 

gctctgtag 

<210s, SEQ ID NO 6 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 6 

acagagc.ca 

<210s, SEQ ID NO 7 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 7 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Jun. 9, 2011 
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- Continued 

gtgc catag 

<210s, SEQ ID NO 8 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 8 

atggcacca 

<210s, SEQ ID NO 9 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 9 

gttgaccag 

<210s, SEQ ID NO 10 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 10 

ggtcaiacca 

<210s, SEQ ID NO 11 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 11 

cgacttgac 

<210s, SEQ ID NO 12 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 12 

acgctgaac 

<210s, SEQ ID NO 13 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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- Continued 

<4 OOs, SEQUENCE: 13 

cgtagt cag 

<210s, SEQ ID NO 14 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 14 

gact acgca 

<210s, SEQ ID NO 15 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 15 

Ccagcatag 

<210 SEQ ID NO 16 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 16 

atgctggca 

<210s, SEQ ID NO 17 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 17 

Cctacagag 

<210s, SEQ ID NO 18 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 18 

Ctgtaggca 

<210s, SEQ ID NO 19 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 19 

Ctgaacgag 

SEQ ID NO 2 O 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 2O 

acgacttgc 

SEQ ID NO 21 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 21 

citccagtag 

SEQ ID NO 22 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 22 

actggagca 

SEQ ID NO 23 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 23 

tagg to cag 

SEQ ID NO 24 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 24 

ggacct aca 

SEO ID NO 25 
LENGTH: 9 
TYPE: DNA 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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- Continued 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 25 

SEQ ID NO 26 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 26 

aacacgc.ct 

SEO ID NO 27 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 27 

gcttggagt 

SEQ ID NO 28 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 28 

tccaa.gc.ct 

SEQ ID NO 29 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 29 

gtcaag.cgt 

SEQ ID NO 3 O 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 3 O 

gcttgacct 

SEQ ID NO 31 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 31 

Caagagcgt. 

SEQ ID NO 32 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 32 

gct cittgct 

SEQ ID NO 33 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 33 

Cagttcggit 

SEQ ID NO 34 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 34 

cgaactgct 

SEO ID NO 35 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 35 

cgaaggagt 

SEQ ID NO 36 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 36 

toctitcgct 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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<210s, SEQ ID NO 37 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 37 

<210s, SEQ ID NO 38 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 38 

aacaccgct 

<210s, SEQ ID NO 39 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 39 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 4 O 

agcaacgct 

<210s, SEQ ID NO 41 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 41 

ccgatctgt 

<210s, SEQ ID NO 42 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 42 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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agat.cggct 

SEQ ID NO 43 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 43 

ccttct cqt 

SEQ ID NO 44 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 44 

gaga aggct 

SEO ID NO 45 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 45 

tgagtc.cgt. 

SEQ ID NO 46 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 46 

ggactic act 

SEO ID NO 47 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 47 

tgctacggit 

SEQ ID NO 48 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 
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<4 OOs, SEQUENCE: 48 

cgittagact 

<210s, SEQ ID NO 49 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 49 

<210s, SEQ ID NO 50 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 50 

aacgcacac 

<210s, SEQ ID NO 51 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 51 

gttggCaga 

<210s, SEQ ID NO 52 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 52 

tgccaacac 

<210s, SEQ ID NO 53 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 53 

Cctgtagga 

<210s, SEQ ID NO 54 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
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oligonucleotide 

SEQUENCE: 54 

Ctacaggac 

SEO ID NO 55 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 55 

Ctgcgtaga 

SEO ID NO 56 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 56 

tacgcagac 

SEO ID NO 57 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 57 

cittacgcga 

SEO ID NO 58 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 58 

gcgtaagac 

SEO ID NO 59 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 59 

tggit cacga 

SEQ ID NO 60 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
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FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 6 O 

gtgacCaac 

SEQ ID NO 61 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 61 

t cagagcga 

SEQ ID NO 62 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 62 

gctctgaac 

SEQ ID NO 63 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 63 

ttgctcgga 

SEQ ID NO 64 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 64 

cgagcaaac 

SEO ID NO 65 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 65 

gcagttgga 

SEQ ID NO 66 
LENGTH: 9 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 66 

caactgcac 

<210s, SEQ ID NO 67 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 67 

gcctgaaga 

<210s, SEQ ID NO 68 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

< 4 OO > SEQUENCE: 68 

ttcaggcac 

<210s, SEQ ID NO 69 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 69 

gtagcc aga 

<210s, SEQ ID NO 70 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 7 O 

tggctacac 

<210s, SEQ ID NO 71 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 71 

gtc.gcttga 
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<210s, SEQ ID NO 72 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 72 

aagcgacac 

<210s, SEQ ID NO 73 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 73 

gcctaagtt 

<210s, SEQ ID NO 74 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 74 

cittaggctic 

<210s, SEQ ID NO 75 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 75 

gtag tectt 

<210s, SEQ ID NO 76 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 76 

gcactactic 

<210s, SEQ ID NO 77 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 77 

gtcgaagtt 
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<210s, SEQ ID NO 78 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 78 

citt.cgactic 

<210s, SEQ ID NO 79 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 79 

<210s, SEQ ID NO 8O 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 80 

ccgaaactic 

<210s, SEQ ID NO 81 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 81 

cagogttitt 

<210s, SEQ ID NO 82 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 82 

aacgctgtc 

<210s, SEQ ID NO 83 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 83 
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catacgctt 

<210s, SEQ ID NO 84 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 84 

gcgtatgtc. 

<210s, SEQ ID NO 85 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 85 

cgatctgtt 

<210s, SEQ ID NO 86 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 86 

cagat.cgt.c 

<210s, SEQ ID NO 87 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 87 

cgctttgtt 

<210s, SEQ ID NO 88 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 88 

caaag.cgt.c 

<210s, SEQ ID NO 89 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 
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SEQUENCE: 89 

ccacagttt 

SEO ID NO 9 O 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 9 O 

actgtggit c 

SEQ ID NO 91 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 91 

cctgaagtt 

SEQ ID NO 92 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 92 

citt caggit c 

SEO ID NO 93 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 93 

ctgacgatt 

SEQ ID NO 94 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 94 

tcqt cagtic 

SEO ID NO 95 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
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OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 95 

citcc actitt 

SEO ID NO 96 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 96 

agtggagtic 

SEO ID NO 97 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 97 

accagagcc 

SEO ID NO 98 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 98 

citctgg taa 

SEO ID NO 99 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 99 

atcc.gcacc 

SEQ ID NO 100 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 1.OO 

tgcggataa 

SEQ ID NO 101 
LENGTH: 9 
TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 101 

gacgacacc 

<210s, SEQ ID NO 102 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 102 

tgtcgt caa 

<210s, SEQ ID NO 103 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 103 

ggatggacC 

<210s, SEQ ID NO 104 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 104 

to CatcCaa 

<210s, SEQ ID NO 105 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 105 

gCagaa.gc.c 

<210s, SEQ ID NO 106 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 106 

cittctgcaa. 

<210s, SEQ ID NO 107 
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LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 107 

gccatgtc.c 

SEQ ID NO 108 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 108 

acatggcaa. 

SEQ ID NO 109 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 109 

gtctgcticc 

SEQ ID NO 110 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 110 

agcagacaa 

SEQ ID NO 111 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 111 

cgacagacic 

SEQ ID NO 112 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 112 

tctgtcgaa 
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<210s, SEQ ID NO 113 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 113 

cgct acticc 

<210s, SEQ ID NO 114 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 114 

agtagcgaa 

<210s, SEQ ID NO 115 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 115 

ccacagacc 

<210s, SEQ ID NO 116 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 116 

tctgtggaa 

<210s, SEQ ID NO 117 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 117 

cottctgtc. c. 

<210s, SEQ ID NO 118 
&211s LENGTH: 9 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 118 
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agagaggaa 

SEQ ID NO 119 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 119 

citcgtagcc 

SEQ ID NO 120 
LENGTH: 9 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 12O 

Ctacgagaa 

SEQ ID NO 121 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 121 

aaatcgatgt ggt cacticag 

SEQ ID NO 122 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 122 

gagtgaccac atcgatttgg 

SEQ ID NO 123 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 123 

aaatcgatgt ggactaggag 

SEQ ID NO 124 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 
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SEQUENCE: 124 

cctagt ccac atcgatttgg 

SEQ ID NO 125 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 125 

aaatcgatgt gcc.gtatgag 

SEQ ID NO 126 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 126 

Catacggcac atcgatttgg 

SEO ID NO 127 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 127 

aaatcgatgt gctgaaggag 

SEQ ID NO 128 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 128 

cctt cagdac atcgatttgg 

SEQ ID NO 129 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 129 

aaatcgatgt ggactagoag 

SEQ ID NO 130 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
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oligonucleotide 

SEQUENCE: 13 O 

gctagt ccac atcgatttgg 

SEQ ID NO 131 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 131 

aaatcgatgt gcgctaagag 

SEQ ID NO 132 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 132 

Cttagcgcac atcgatttgg 

SEQ ID NO 133 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 133 

aaatcgatgt gagcc.gagag 

SEQ ID NO 134 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 134 

Ctcggct cac atcgatttgg 

SEO ID NO 135 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 135 

aaatcgatgt gcc.gitat cag 

SEQ ID NO 136 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 

2O 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Jun. 9, 2011 



US 2011/O 136697 A1 
66 

- Continued 

FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 136 

gatacggcac atcgatttgg 

SEO ID NO 137 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 137 

aaatcgatgt gctgaagcag 

SEQ ID NO 138 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 138 

gctt cagdac atcgatttgg 

SEQ ID NO 139 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 139 

aaatcgatgt gtgcgagtag 

SEQ ID NO 140 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 14 O 

acticgcacac atcgatttgg 

SEQ ID NO 141 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 141 

aaatcgatgt gtttggcgag 

SEQ ID NO 142 
LENGTH: 2O 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 142 

cgc.caaacac atcgatttgg 

<210s, SEQ ID NO 143 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 143 

aaatcgatgt gcgctaacag 

<210s, SEQ ID NO 144 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

< 4 OO > SEQUENCE: 144 

gttagcgcac atcgatttgg 

<210s, SEQ ID NO 145 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 145 

aaatcgatgt gagcc.gacag 

<210s, SEQ ID NO 146 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 146 

gtcggcticac atcgatttgg 

<210s, SEQ ID NO 147 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 147 

aaatcgatgt gagcc.gaaag 
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<210s, SEQ ID NO 148 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 148 

titcggct cac atcgatttgg 

<210s, SEQ ID NO 149 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 149 

aaatcgatgt gtcggtagag 

<210s, SEQ ID NO 150 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 150 

ctaccgacac atcgatttgg 

<210s, SEQ ID NO 151 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 151 

aaatcgatgt ggttgc.cgag 

<210s, SEQ ID NO 152 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 152 

cggcaaccac atcgatttgg 

<210s, SEQ ID NO 153 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 153 

aaatcgatgt gagtgcgtag 
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<210s, SEQ ID NO 154 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 154 

acgcact cac atcgatttgg 

<210s, SEQ ID NO 155 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 155 

aaatcgatgt ggttgccaag 

<210s, SEQ ID NO 156 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 156 

tggcaaccac atcgatttgg 

<210s, SEQ ID NO 157 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 157 

aaatcgatgt gtgcgaggag 

<210s, SEQ ID NO 158 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 158 

cct cqcacac atcgatttgg 

<210s, SEQ ID NO 159 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 159 
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aaatcgatgt ggalacacgag 

<210s, SEQ ID NO 160 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 160 

cgtgttccac atcgatttgg 

<210s, SEQ ID NO 161 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 161 

aaatcgatgt gcttgtcgag 

<210s, SEQ ID NO 162 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 162 

cgacaa.gcac atcgatttgg 

<210s, SEQ ID NO 163 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 163 

aaatcgatgt gttc.cgg tag 

<210s, SEQ ID NO 164 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 164 

accggalacac atcgatttgg 

<210s, SEQ ID NO 165 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 
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SEQUENCE: 165 

aaatcgatgt gtgcgagcag 

SEQ ID NO 166 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 166 

gct cqcacac atcgatttgg 

SEO ID NO 167 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 167 

aaatcgatgt ggt Cagg tag 

SEQ ID NO 168 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 168 

acct gaccac atcgatttgg 

SEQ ID NO 169 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 169 

aaatcgatgt ggcctgttag 

SEO ID NO 170 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 17 O 

alacaggccac atcgatttgg 

SEO ID NO 171 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
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OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 171 

aaatcgatgt ggalacaccag 

SEO ID NO 172 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 172 

ggtgttccac atcgatttgg 

SEO ID NO 173 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 173 

aaatcgatgt gcttgtc.cag 

SEO ID NO 174 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 174 

ggacaa.gcac atcgatttgg 

SEO ID NO 175 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 175 

aaatcgatgt gtgcgagaag 

SEO ID NO 176 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 176 

t citcgcacac atcgatttgg 

SEO ID NO 177 
LENGTH: 2O 
TYPE: DNA 
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ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 177 

aaatcgatgt gagtgcggag 

SEO ID NO 178 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 178 

cc.gcact cac atcgatttgg 

SEO ID NO 179 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 179 

aaatcgatgt gttgtc.cgag 

SEQ ID NO 18O 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 18O 

cggaca acac atcgatttgg 

SEQ ID NO 181 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 181 

aaatcgatgt gtggaacgag 

SEQ ID NO 182 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 182 

cgttccacac atcgatttgg 

SEQ ID NO 183 
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LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 183 

aaatcgatgt gagtgcgaag 

SEQ ID NO 184 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 184 

tcqc acticac atcgatttgg 

SEO ID NO 185 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 185 

aaatcgatgt gtggalaccag 

SEQ ID NO 186 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 186 

ggttcCacac atcgatttgg 

SEO ID NO 187 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 187 

aaatcgatgt gttaggcgag 

SEQ ID NO 188 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 188 

cgcc talacac atcgatttgg 
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SEQ ID NO 189 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 189 

aaatcgatgt ggcctgtgag 

SEQ ID NO 190 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 19 O 

Cacaggccac atcgatttgg 

SEQ ID NO 191 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 191 

aaatcgatgt gct Cotgtag 

SEQ ID NO 192 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 192 

acaggagcac atcgatttgg 

SEQ ID NO 193 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 193 

aaatcgatgt ggt caggcag 

SEQ ID NO 194 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 194 
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gcct gaccac atcgatttgg 

<210s, SEQ ID NO 195 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 195 

aaatcgatgt ggt caggaag 

<210s, SEQ ID NO 196 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 196 

t cct gaccac atcgatttgg 

<210s, SEQ ID NO 197 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 197 

aaatcgatgt ggtagc.cgag 

<210s, SEQ ID NO 198 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 198 

cggctaccac atcgatttgg 

<210s, SEQ ID NO 199 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 199 

aaatcgatgt ggcctgtaag 

<210s, SEQ ID NO 2 OO 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 
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SEQUENCE: 2 OO 

tacaggccac atcgatttgg 

SEQ ID NO 201 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 2O1 

aaatcgatgt gctitt.cggag 

SEQ ID NO 202 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 2O2 

ccgaaagcac atcgatttgg 

SEQ ID NO 203 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 2O3 

aaatcgatgt gcgtaaggag 

SEQ ID NO 204 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 2O4 

ccttacgcac atcgatttgg 

SEO ID NO 2 O5 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 2O5 

aaatcgatgt gagagcgtag 

SEQ ID NO 206 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Jun. 9, 2011 



US 2011/O 136697 A1 
78 

- Continued 

oligonucleotide 

SEQUENCE: 2O6 

acgct citcac atcgatttgg 

SEO ID NO 2 O7 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 2O7 

aaatcgatgt ggacggcaag 

SEQ ID NO 208 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 2O8 

tgc.cgt.ccac atcgatttgg 

SEQ ID NO 209 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 209 

aaatcgatgt gctitt.cgcag 

SEQ ID NO 210 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 210 

gcgaaagcac atcgatttgg 

SEQ ID NO 211 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 211 

aaatcgatgt gcgtaa.gcag 

SEQ ID NO 212 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 

2O 
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FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 212 

gcttacgcac atcgatttgg 

SEQ ID NO 213 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 213 

aaatcgatgt ggctatggag 

SEQ ID NO 214 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 214 

ccatagocac atcgatttgg 

SEQ ID NO 215 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 215 

aaatcgatgt gaCtctggag 

SEQ ID NO 216 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 216 

ccagagt cac atcgatttgg 

SEO ID NO 217 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 217 

aaatcgatgt gctggaaag 

SEQ ID NO 218 
LENGTH 19 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 218 

titccagcaca togatttgg 

<210s, SEQ ID NO 219 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 219 

aaatcgatgt gcc.gaagtag 

<210s, SEQ ID NO 220 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

< 4 OO > SEQUENCE: 22O 

actt.cggcac atcgatttgg 

<210s, SEQ ID NO 221 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 221 

aaatcgatgt gct Cotgaag 

<210s, SEQ ID NO 222 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 222 

t caggagcac atcgatttgg 

<210s, SEQ ID NO 223 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 223 

aaatcgatgt gtc.cagt cag 
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<210s, SEQ ID NO 224 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 224 

gactggacac atcgatttgg 

<210s, SEQ ID NO 225 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 225 

aaatcgatgt gagagcggag 

<210s, SEQ ID NO 226 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 226 

cc.gct citcac atcgatttgg 

<210s, SEQ ID NO 227 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 227 

aaatcgatgt gagagcgaag 

<210s, SEQ ID NO 228 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 228 

tcqct citcac atcgatttgg 

<210s, SEQ ID NO 229 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 229 

aaatcgatgt gcc.gaaggag 
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<210s, SEQ ID NO 230 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 23 O 

Cctt.cggcac atcgatttgg 

<210s, SEQ ID NO 231 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 231 

aaatcgatgt gcc.galagcag 

<210s, SEQ ID NO 232 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 232 

gctt.cggcac atcgatttgg 

<210s, SEQ ID NO 233 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 233 

aaatcgatgt gtgttc.cgag 

<210s, SEQ ID NO 234 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 234 

cggalacacac atcgatttgg 

<210s, SEQ ID NO 235 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 235 
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aaatcgatgt gtctggcgag 

<210s, SEQ ID NO 236 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 236 

cgc.ca.gacac atcgatttgg 

<210s, SEQ ID NO 237 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 237 

aaatcgatgt gct atcggag 

<210s, SEQ ID NO 238 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 238 

ccgatagcac atcgatttgg 

<210s, SEQ ID NO 239 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 239 

aaatcgatgt gcgaaaggag 

<210s, SEQ ID NO 24 O 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 240 

c ctitt.cgcac atcgatttgg 

<210s, SEQ ID NO 241 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 
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SEQUENCE: 241 

aaatcgatgt gcc.gaagaag 

SEQ ID NO 242 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 242 

tott cqgcac atcgatttgg 

SEQ ID NO 243 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 243 

aaatcgatgt ggttgcagag 

SEQ ID NO 244 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 244 

ctgcaaccac atcgatttgg 

SEQ ID NO 245 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 245 

aaatcgatgt ggatggtgag 

SEQ ID NO 246 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 246 

caccatccac atcgatttgg 

SEO ID NO 247 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
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OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 247 

aaatcgatgt gct atcgcag 

SEQ ID NO 248 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 248 

gcgatagcac atcgatttgg 

SEQ ID NO 249 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 249 

aaatcgatgt gcgaaagcag 

SEO ID NO 250 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 250 

gctitt.cgcac atcgatttgg 

SEQ ID NO 251 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 251 

aaatcgatgt gacactggag 

SEQ ID NO 252 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 252 

Ccagtgtcac atcgatttgg 

SEO ID NO 253 
LENGTH: 2O 
TYPE: DNA 
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ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 253 

aaatcgatgt gtctggcaag 

SEQ ID NO 254 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 254 

tgc.ca.gacac atcgatttgg 

SEO ID NO 255 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 255 

aaatcgatgt ggatggtcag 

SEQ ID NO 256 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 256 

gaccatccac atcgatttgg 

SEO ID NO 257 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 257 

aaatcgatgt ggttgcacag 

SEO ID NO 258 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 258 

gtgcaiaccac atcgatttgg 

SEO ID NO 259 
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