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FAMILIES OF NON-CROSS - HYBRIDIZING POLYNUCLEOTIDES FOR USE
AS TAGS AND TAG COMPLEMENTS, MANUFACTURE AND USE THEREOF

The present application is a divisional application of Australian Application No.

2002227829, which is incorporated in its entirety herein by reference.

FIELD OF THE INVENTION
This invention relates to families of oligonucleotide tags for use, for example, in
sorting molecules. Members of a given family of tags can be distinguished one from the

other by specific hybridization to their tag complements.

BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

Specific hybridization of oligonucleotides and their analogs is a fundamental
process that is employed in a wide variety of research, medical, and industrial
applications, including the identification of disease-related polynucleotides in diagnostic
assays, screening for clones of novel target polynucleotides, identification of specific
polynucleotides in blots of mixtures of polynucleotides, therapeutic blocking of
inappropriately expressed genes and DNA sequencing. Sequence specific hybridization
is critical in the development of high throughput multiplexed nucleic acid assays. As
formats for these assays expand to encompass larger amounts of sequence information
acquired through projects such as the Human Genome project, the challenge of sequence
specific hybridization with high fidelity is becoming increasingly difficult to achieve.

In large part, the success of hybridization using oligonucleotides depends on
minimizing the number of false positives and false negatives. Such problems have made
the simultaneous use of multiple hybridization probes in a single experiment i. e.
multiplexing, particularly in the analysis of multiple gene sequences on a gene
microarray, very difficult. For example, in certain binding assays, a number of nucleic
acid molecules are bound to a chip with the desire that a given “target” sequence will
bind selectively to its complement attached to the chip. Approaches have been

developed that involve the use of oligonucleotide tags attached to a solid support that
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can be used to specifically hybridize to the tag complements that are coupled to probe
sequences. Chetverin ef al. (WO 93/17126) uses sectioned, binary oligonucleotide
arrays to sort and survey nucleic acids. These arrays have a constant nucleotide
sequence attached to an adjacent variable nucleotide sequence, both bound to a solid
support by a covalent linking moiety. These binary arrays have advantages compared
with ordinary arrays in that they can be used to sort strands according to their terminal
sequences so that cach strand binds to a fixed location on an array. The design of the

terminal sequences in this approach comprises the use of constant and variable

#
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sequences. United States Patent Nos. 6,103,463 and 6,322,971 issued to
Chetverin et al. on August 15, 2000 and November 27, 2001, respectively.

This concept of using molecular tags to sort a mixture of molecules is
analogous to molecular tags developed for bacterial and yeast genetics (Hensel
et al., Science; 269, 400-403: 1995 and Schoemaker et al., Nature Genetics;
14, 450-456: 1996). Here, a method termed “signature tagged’ mutagenesis in
which each mutant is tagged with a different DNA sequence is used to recover
mutant genes from a complex mixture of approximately 10,000 bacterial
colonies. 1In the tagging approach of Barany et al. (WO 9731256), known as
the “zip chip”, a family of nucleic acid molecules, the “zip-code addresses”,
each different from each other, are set out on a grid. Target molecules are
attached to oligonucleotide sequences complementary to the “zipcode
addresses,” referred to as “zipcodes,” which are used to specifically
hybridize to the address locations on the grid. While the selection of these
families of polynucleotide sequences used as addresses is critical for correct
performance of the assay, the performance has not been described.

Working in a highly parallel hybridization environment requiring
specific hybridization imposes very rigorous selection criteria for the design
of families of oligonucleotides that are to be used. The success of these
approaches is dependent on the specific hybridization of a probe and its
complement. Problems arise as the family of nucleic acid molecules cross-
hybridize or hybridize incorrectly to the target sequences. While it is
common to obtain incorrect hybridization resulting in false positives or an
inability to form hybrids resulting in false negatives, the frequency of such
results must be minimized. 1In order to achieve this goal certain
thermodynamic properties of forming nucleic acid hybrids must be considered.
The temperature at which oligonucleotides form duplexes with their
complementary sequences known as the T, (the temperature at which 50% of the
nucleic acid duplex is dissociated) varies according to a number of sequence
dependent properties including the hydrogen bonding energies of the canonical
pairs A-T and G-C (reflected in GC or base composition), stacking free energy
and, to a lesser extent, nearest neighbour interactions. These energies vary
widely among oligonucleotides that are typically used in hybridization assays.
For example, hybridization of two probe sequences composed of 24 nucleotides,
one with a 40% GC content and the other with a 60% GC content, with its
complementary target under standard conditions theoretically may have a 10°C
difference in melting temperature (Mueller et al., Current Protocols in Mol.
Biol.; 15, 5:1993). Problems in hybridization occur when the hybrids are
allowed to form under hybridization conditions that include a single

hybridization temperature that is not optimal for correct hybridization of all
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oligonucleotide sequences of a set. Mismatch hybridization of non-
complementary probes can occur forming duplexes with measurable mismatch
stability (Santalucia et al., Biochemistry; 38: 3468-77, 1999). Mismatching
of duplexes in a particular set of oligonucleotides can occur under
hybridization conditions where the mismatch results in a decrease in duplex
stability that results in a higher T, than the least stable correct duplex of
that particular set. For example, if hybridization is carried out under
conditions that favor the AT-rich perfect match duplex sequence, the
possibility exists for hybridizing a GC-rich duplex sequence that contains a
mismatched base having a melting temperature that is still above the correctly
formed AT-rich duplex. Therefore, design of families of oligonucleotide
sequences that can be used in multiplexed hybridization reactions must include
consideration for the thermodynamic properties of oligonucleotides and duplex
formation that will reduce or eliminate cross hybridization behavior within
the designed oligonucleotide set.

The development of such families of tags has been attempted over the
years with varying degrees of success. There are a number of different
approaches for selecting sequences for use in multiplexed hybridization
assays. The selection of sequences that can be used as zipcodes or tags in an
addressable array has been described in the patent literature in an approach
taken by Brenner and co-workers. United States Patent No. 5,654,413 describes
a population of oligonucleotide tags (and corresponding tag complements) in
which each oligonucleotide tag includes a plurality of subunits, each subunit
consisting of an oligonucleotide having a length of from three to six
nucleotides and each subunit being selected from a minimally cross hybridizing
set, wherein a subunit of the set would have at least two mismatches with any
other sequence of the set. Table II of the Brenner patent specification
describes exemplary groups of 4mer subunits that are minimally cross
hybridizing according to the aforementioned criteria. 1In the approach taken
by Brenner, constructing non cross-hybridizing oligonucleotides, relies on the
use of subunits that form a duplex having at least two mismatches with the
complement of any other subunit of the same set. The ordering of subunits in
the construction of oligonucleotide tags is not specifically defined.

Parameters used in the design of tags based on subunits are discussed in
Barany et al. (WO 9731256). For example, in the design of polynucleotide
sequences that are for example 24 nucleotides in length (24mer) derived from a
set of four possible tetramers in which each 24mer “address” differs from its
nearest 24mer neighbour by 3 tetramers. They discuss further that, if each
tetramer differs from each other by at least two nucleotides, then each 24mer

will differ from the next by at least six nuclectides. This is determined
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without consideration for insertions or deletions when forming the alignment
between any two sequences of the set. In this way a unique “zip code”
sequence is generated. The zip code is ligated to a label in a target
dependent manner, resulting in a unique “zip code” which is then allowed to
hybridize to its address on the chip. To minimize cross-hybridization of a
“zip code” to other “addresses”, the hybridization reaction is carried out at
temperatures of 75-80°C. Due to the high temperature conditions for
hybridization, 24mers that have partial homology hybridize to a lesser extent
than sequences with perfect complementarity and represent ‘dead zones’. This
approach of implementing stringent hybridization conditions for example,
involving high temperature hybridization, is also practiced by Brenner et. al.

The current state of technology for designing non-cross hybridizing tags
based on subunits does not provide sufficient guidance to construct a family
of relatively large numbers of sequences with practical value in assays that
require stringent non-cross hybridizing behavior.

A multiplex sequencing method has been described in United States
Patent No. 4,942,124, which issued to Church on July 17, 1990. The
method requires at least two vectors which differ from each other at a
tag sequence. It is stated that a tag sequence in one vector will not
hybridize under stringent hybridization conditions to a tag sequence
(i.e., complementary probes do not cross-hybridize) in another vector.
Exemplary stringent hybridization conditions are given as 42°C in 500-

1000 mM sodium phosphate buffer. A set of 42 20-mer tag sequences, all
of which lack G residues, is given in Figure 3 of the specification.
Details of how the sequences were obtained are not provided, although
Church states that initially 92 were chosen on the basis of their having
sufficient sequence diversity to insure uniqueness.

So while it is possible for a person knowledgeable in the field to
design a small number of non-cross hybridizing tags, it is difficult to design
a larger number such tags. A co-pending application of the owner of this
patent application describes such a set of 210 non-cross hybridizing tags that
have a practical value. A method described in internaticnal patent
application No. PCT/CA 01/00141 published under WO 01/59151 on August 16,
2001. Little guidance is provided, however, for the provision of a larger
set, say 1000 or so, of non-cross hybridizing tags. Since having sets of
approximately 1000 non-cross hybridizing tags, or more, would be of
considerable practical value, it would be useful to develop such a set.

Thus, while it is desirable with such arrays to have, at once, a large
number of address molecules, the address molecules should each be highly

selective for its own complement sequence. While such an array provides the
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advantage that the family of molecules making up the grid is entirely of design, and does
not rely on sequences as they occur in nature, the provision of a family of molecules,

which is sufficiently large and where each individual member is sufficiently selective for
its complement over all the other zipcode molecules (i.e., where there is sufficiently low

cross-hybridization, or cross-talk) continues to elude researchers.

SUMMARY OF INVENTION

According to a first aspect of the invention there is provided a composition
comprising at least one hundred and fifty minimally cross-hybridizing molecules for use
as tags or tag complements wherein each molecule comprises an oligonucleotide
comprising a sequence of nucleotide bases for which, under a defined set of conditions,
the maximum degree of hybridization between said oligonucleotide and any
complement of a different oligonucleotide does not exceed about 20% of the degree of
hybridization between said oligonucleotide and a complement to said oligonucleotide,
wherein for each said sequence there is at most six bases other than G between every
pair of neighbouring pairs of G’s, and wherein the oligonucleotides are selected from
SEQ ID NOs 1-1168, or the complete complements of SEQ ID NOs 1-1168.

According to a second aspect of the invention there is provided a composition
comprising a plurality of minimally cross-hybridizing oligonucleotide tag complements,
each oligonucleotide of each tag complement comprising:

(a) each oligonucleotide is free of either cytosine or guanosine residues;

(b) no two cytosine or guanosine residues are located adjacent each other in an
oligonucleotide and any two cytosine or guanosine residues are separated by at most 6
non-cytosine or non-guanosine residues, respectively;

(¢) the number of cytosine or guanosine residues in each oligonucleotide does
not exceed L/4 where L. is the number of bases in the oligonucleotide;

(d) the length of each oligonucleotide differs by no more than five bases from
the average length of all oligonucleotides in the composition;

(e) each oligonucleotide does not contain 4 or more contiguous identical
nucleotides;

(f) the number of guanosine or cytosine residues in each oligonucleotide does
not vary from the average number of guanosine or cytosine residues in all other

oligonucleotides of the composition by more than one; and
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(g) when each oligonucleotide tag complement is exposed to hybridization
conditions comprising 0.2M NaCl, 0.1M Tris, 0.08% Triton X-100, pH 8.0 at 37°C, the
maximum degree of hybridization between the tag complement and a tag not fully
complementary to the tag complement does not exceed 30% of the degree of
hybridization between the tag complement and its fully complementary tag;
wherein the oligonucleotides are selected from SEQ ID NOs 1-1168, or the complete
complements of SEQ ID NOs 1-1168.

According to a third aspect of the invention there is provided a kit for sorting
and identifying polynucleotides, the kit comprising one or more solid phase supports
each having one or more spatially discrete regions, each such region having a uniform
population of substantially identical tag complements covalently attached, and the tag
complements each being selected from the set of oligonucleotides as defined in the first
aspect.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise™, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”.

A family of 1168 sequences was obtained using a computer algorithm to have
desirable hybridization properties for use in nucleic acid detection assays. The sequence
set of 1168 oligonucleotides was partially characterized in hybridization assays,
demonstrating the ability of family members to correctly hybridize to their
complementary sequences with minirmal cross hybridization. These are the sequences
having SEQ ID NOs: 1to 1168 of Table 1.

Variant families of sequences (seen as tags or tag complements) of a family of
sequences taken from Table [ are also part of the invention. For the purposes of
discussion, a family or set of oligonucleotides will often be described as a family of tag
complements, but it will be understood that such a set could just easily be a family of
tags.

A family of complements is obtained from a set of oligonucleotides based on a
family of oligonucleotides such as those of Table I. To simplify discussion, providing a
family of complements based on the oligonucleotides of Table I will be described.

Firstly, the groups of sequences based on the oligonucleotides of Table I can be

represented as shown in Table JA.

COMS ID No: ARCS-276000 Received by IP Australia: Time (H:m) 11:41 Date (Y-M-d) 2010-05-05

8/ 51



2008201349 05 May 2010

05—-05—-10;1717:22 ; H # 7/ 51

-5b-

Table IA: Numeric sequences corresponding to nucleotide base patterns of a set

of oligonucleotides
5 Numeric Pattern Sequence
Identifier
11122323111 122322232321 !
322131322112232122231231 2
123221113211323223111232 3
0 2312322131 13212122323112 4
2223232131 12123232232211 5
121132321132311121131131 6
113132122232232313221112 7
323222123221212323113222 8
I5 111313112131 121232321132 9
212311131323131211232221 10
123131112123221311232312 11
221322322312322213213222 12
321113132121132223123121 13
20 111321131123123211211323 14
3213111213222122312 1223 15
2 2113231112132313221222 16

COMS ID No: ARCS-276000 Received by IP Australia: Time (H:m) 11:41 Date (Y-M-d) 2010-05-05



17
18
19
20
21

Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

1211322121132322123231332
212131211131312312223223

111213123121211323131123
131322313112321213212212
113213222321131123122321

Table IA

800¢C TeIN 0¢

22
23

221231112231323113122312

321212321112232212322313

24
25
26
27
28
29
30
31
32

311223212111321221312323
213123131221132322122231
322113222322212321213113
313212213211132312123121
323112312221321112312231
312231132212131112312213
13231211123221322311122332
212121321112322232323223
221132322132212223223213

61 10¢800¢C

33
34

321321121231132313112121

2132321213112321312221332
223213122131232322232111
213212131321313123121222

3S
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

1 22323111311131311311122
2323131122113122113112332

1721221322113111311313223
2232132231311 12123213222

2131322322111313232111221

322123123232121132112123
222322131123131131222123
1 32121322211131132132131

323131212131222131113211

223222121323113231121321

113211321321121323232211

1 22232313221231113121131

311132131311211131211311

122211312232211313213113

322211131223211311232321
222323113123113212223212

232322213112221321232321

312112312212131113232223

54

55
56
57
58
59
60
61

322122232113221131213213
132221223111313222311213
223232221223232132221113
122323131131212311132212
231311232111311232221223
123231113221231232211223

3 22213212213223221131223
312231212223112322232223

62
63

2311223111323211232232132

64
65
66
67
68
69

312232122322313112131121
111222313122232312131321
321122131222322232232232

322232122322132311212132

123213213213123222123112

232221113123122311311123

70
71
72

232312112312322122232321
1 213.22323131122232112213

172131232113 1311122323111
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74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

131 221131311322112131321
311321112232311231113111
1123211311131 13122322321
222312221232322123223132
321223131112223113112311
311223212311123112232113
2122321311321 11322131132
222123211231211323213223
1212132231112 232231213232
121131112213131322321113
311223231112323122312121
111211321322211231313113
3122111311321 13231123222
212323232232221323221221
313221212321322131322121
311131113113232211322111

Table IA:

800C TEIN 0C  6¥£10Z800¢C

89

2132122132113 21232312232

20

3232312231121223231112
1723231113132211323122111

312231123122313121232111

91

92

93

171312312132211323211322]1

94

213223221223131122213113

95

222121323112212313231113

96

312131222131123112211323

97

222311311313122231112231

123112113132231211123231

98

99

2322212321323 21312231122

100
101
102
103
104
105
106
107
108

222113231322121311321321

312221232322231132211312

2132213131113 23121113221

321123121123113232121213

1712311323221321213121321
211122313222322231223213
2112311311211321123132322

111232112132322322132213

173132213231112322322111¢2

109
110
111
112
113
114
115
116
117

3111213111232 12232223231
132212113222323131122113
313222121322131121232232:2

131322122131131131222113

3132211231112 11321222323

123123112132231132121213

121312123131231113221321

212321113111323111311311
231123213111231123223111
112231121323232313222112
71 31212232223122112311313

118
119

120

111322321113223113121113

121

322113131221231312321221
13212131212113113122311223
321311122231122312323111

1131321312231 21132121231

122
123
124

125
126
127

231212132132311311121132
131211231231311123113121
123231113212223231212132
112113131122312123113123

128



Table IA:

Numeric sequences corresponding to nucleotide
base patterns of a set of oligonucleotides

129
130
131
132
133
134
135

Sequence
~ Identifier

Numeric Pattern
2113232122213 21311231132

212322131222322313122312
1322232123113 13121321222
313111232212321222132132
212323131123232223122211
321232223222121311232123
313212121311311131112223

- 800C TBIN 0C

136
137

123132311321112321322122
221131132313221223231212
12311123131121223223222323
312211231221232311223123:3
3111232211131212311132123

212232231222312122132323

VOO A NM G WND
M M P PP
A A A H A

222123222323212321132132
1122311131122323231122731
231322231122232223132112
312321211231232323211122
123231313113112223222122
323121113212232231213111
311321311213111322112131

223232132211313223222112

-

61 10¢800¢C

147
148

149
150
151
152
153

213213211322322131121322
112223113212112311232323
213111223213212223131311

2321212322112313123222321

154
155
156
157
158

212223121131311231131132

223112132321123112123123
321322232311213112213222

1113123122321122232232311

311312232231322112131211
131221232132312321112322

159
160
161
162

3112221312321312123112332
312131132321221132113221
212311221231311311213132

163
164

2223221231132312223222132

321113122323221212311123

165
166
167
168
169

223231213213221312122232
311221131211131131311321

31223213112311222321321°2

111211313131311231222132

112212323112131223223113

170
171
172
173

221131222123231213213132

2211131213232223223223221
212231222123113132121323

111222312313213222113131

174
175
176

121113223222312322231123
3122323123112112322122231

312311311121231212311213
221113221223113231132231

2232113111213 13122232322

177
178

179
180
181
182
183

313122313222113212213122

13231211213 1123121112323

312112132311222313223212

131212223213213111321232

32212311232231122231 1232

184

123111312221322322313121°2
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Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

1 11213131132212312323121
221323131112322211232313:2
231131121232311122132223
322231213222112313212231
3 22321132112312111321231
2113132132112 23223222131
222313131321232123122122
1 22312232311221312131131
312213212221321321121313
212321221313121223111323
212323111321123121112313
321122132112312223112313
322212232111312321132311
213213112232232211131123
212232213221232132323211
313231113221212311132121

Table IA

800C TEIN 0C  6¥£10Z800¢C

201
202

121213113223123132221231

222131132113112113231321

232321211312122232113113

203
204
205

213113132232122322121132

323221221322211322131321

206
207
208

112121323123231112231123

22131311213132312122121322

311323132211231222321112

209
210

112321113211131113231231

3 22132212312311212232321

211
212
213
214
215
216
217

111231322131321311221232

312121311312213221323121

1 21322232231312221231321

213112132213213211313212
311222321223231132221321
321321131131311221312211

112323221232123211121323

218
219
220
221
222
223
224
225
226
227
228

311221322131321112232223

311122311312132113111231
323212212323122212312131
212212313111322311213213
212321223212231321312311
323122311213213122322211

132113223222312231112223

311322231222113222113113
313113121112312122322123
1 23123132232211213221322
2123121222311313232211231

229
230
231
232
233
234

313123122111323122212311

121322113132312313112111

222122322131211131322313
131121223121322311322311

213232111323213122321112
132132312 123122231121223
232122311221311213231311
231212313121311322211232

311311321132121113211123

235
236
237
238
239
240

222113232312113111312131

212232231123232221113131

311211231231312312212231



10

AN M@ N OO0 O0O A NM™Mm TN
P L P P PP PN NN NN NN
NN N AN NN NN

Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

213131113131311223212211
123212112313121232223231
112131211312231223232223
222312312112131131311231
131231121132232311232221
131231113111323213112122
232211123212321321122313
2132132323113221222132212
132311232223211131322211
312111231311223132112232
2312313111223222113223222
111211321323231321121321
212311121232312132113131
122321131323122121312312
131321131123111313121121
211321132131232211131312
1711213111311223213132132
121312221132311313132213:2

Table IA:

-

800C TEIN 0C  6¥£10Z800¢C

258
259
260
261
262
263
264
265
266

311232223211123212131213

1711213112313213231112123

223112212321313111321113

213211122313132132231122

232111323222121323232112

121231222313123131123211

112122312123232232311321
13231312212313212231222]1

267
268

223212221312132313122123

121311123111312131213113

269
270
271

312232121232111321322213

212311232212 232323223122
312122132 131321132121223
231312311222323221231212
212311231132111313123211

313231122232232112223222

272
273
274

275

131112232131322112232321
323221123111322323112112
232312223221131131221123
132132122321113212111313
231223223212132212232321
312232132221123221131123
123111211311122313213131

212312312122232232123232

276
277
278

279
280

281
282
283

222131322231221321232223
112113131223231231311121
112311213112131311232131
321321321122231123222311
132313211223122312232211
311211232221323232223111
121231113213131113232212
231322122321222132223113

213223132221113223111311

284
285
286
287
288
289
290
291
292
293
294
295
236

211131323123211121311322
232132322213132113221221
131312211232322311131221
3211211322323111311312221
313123221213121123111311



11

297
298
299
300
301

Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

122122311132131232213123
222123232312231323222112
21222132213121312131313 2
123232221232311131222321
121321122131131311311232

5 2 2132231223223112131321

Table IA:

800¢C TeIN 0¢

302
303

2123132312213112232112223
2 21123212232221113132323
12131311221131122322231 3
3 22121132131112321213113
132112213222311123232132
311131221231223211132312
3 21131221311322112311311
313112322311211311321122
2 2113132322231 1213232221
121113111313212313122123
132212231223113123131112

NV 0NO AN
OO0 00 0O vt
Faa B B B A B M I s B et ot

61 10¢800¢C

313
314
315
316

3 22232322232121132232211
2 23212323132221312211231
213221113212132232223132
111222323223131222321213

512213232212312111313113

317
318

319
320

2 121131132112223131131332
211322313123222322231211

321
322
323
324

3 2321312221231122313211 2
21213131132322213223212 1
1 211131131121322132232321
131223111213122131113223
32232212113111213222322 3

325
326
327
328

131112131321131323222111
131312132132111213221223
1112312232321132212232123

113113211313131112223112

329
330
331
332
333
334
335

3 23232122213223121122312
1 2232232232231311123212 2
131211322111321113131123

213223113221322211323221
1321133112321121231231213

1 23131223111312221231123
23122311221313131123213:2 1
132213211313112121323112
1221131223212132213231 23

336
337
338
339
340

313121113112231112131131

131321112322113111311322
111322232212323231131122

122323222113111212312313

341

342

343
344

2 12231112313123212321322

122232323123222311121231

345

211312112132313131112231
1 22212312213232113232232
112211311211132323113112

3 2112231231131322132221 2

346
347

348

349

232322123221211311323121
13131112231122213111232 3

2212231123231311132112223

350
351
352

232211231311312112312132



12

353
354
355
356
357

Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

311132122232231221223223
231322212321322212122322313
322311131213222312123212
221311312131221223131113
1121123223231112131232231

Table IA:

800¢C TeIN 0¢

358
359

132113111322213222132213
213222112313123222312123:3

O W MN M9 W~ O
W WV W W WYY WL
[aa B s B 2t B ot B o B ot N ot BN 0 g B 0

22111312322111311231323]1
111323232121232213111321
1 221132212323222123213223
222311311323222321221232
232211311322213221113223
222113212113122323231312
131212223121312131131113
122213132232113113121223
313111223211223221313212
311321212322113123211213
112122311312321323132212

61 10¢800¢C

369
370

371
372
373
374

3132221311123121113112233

211311123132212123223131

223121211311322323121132

113232221123211313112311

375
376
377
378

322323131122131112132121

2 221322231232322212313132

321122311132123132132112
213223112113122313131112
221132311323223222122311

379
380

1 22312223223111211323223

381
382

231122322312113221231131

322232212231321132231122

383

231222132123212213132231
211121313123131121131113

384
385
386
387

131123221212321313111223
1 22212321322313132312111
321113121322231321122231

388
389
390
391
392
393
394
395

3111212321211232211323131

1 22321212232322311311132

313221132321112311123211

121312232323111311131122

221121311322232132123123
223212323131121113222132

323122131212312312123112

231131131122213122232113

396
397
398
399
400

232123122122312213232322

2323111313112312131212272
112231112313232322211311

1 22121313221322213112313

111312131112231323212312

321322232211232232121123

401
402
403
404

131312122131123211311213
1311322231112123121311123
2131123211132 22132121313

405
406
407
408

132131232123221123231121

231113231112123111232232

17213212122313222321223113

311311123222321311211321



13

Numeric sequences corresponding to nucleotide
base patterns of a set of oligonucleotides

Table IA:

N O A N MPUNOUD>ODRANOANM WO
O A et A A A AN NN ONNN
A5 A S R R S A A U G L L~ A L L o

Sequence
Identifier

Numeric Pattern

112313212231131112321213
323121311222323222112311
232132123113112112311123
1213113221123121122232323
3 23122321132113211131211
212321322232322122231131
231321132223212322211321
211123212313232321113111
3211313212231 112213211131
3223132321113 12212231211
1321231322122131121113231
122232212131322323223212
211221321323232231112223
232122313122322122321223
3221221311313 1211223132:2
223132232312211321321212
312132121123 1222311321123
323111312122231313121112

800C TEIN 0C  6¥£10Z800¢C

427
428
429
430
" 431

132212312223113111223223

321132122231122231231322
2112132322121132311113132:

1122311223123 23212123113

131113231322322113212221
222123232311223232121213:3

432
433
434
435
436
437

321121231213 111232111313

313112232221113121322321

31122232211311231322231:

121323123122111313112223

1 21312322213223131221223

438

113132321112131113231212

232321223122322313121112

439
440
441
442

2132121323131113132211123:2

1113121131113 13123123222:2
3113221223111213113113212

443
444

3212321213111313211123
312322232111312231112231
112221313132 122232322321
112223222311131113211323

12

445
446
447

11131321323 2212232213121

448

12322321212322322231212:2

321311222 322313212223211

449
450
451
452
453
454

3112221322132321131113

3121131112322312311321
3123123113121 123213121

1312312123121213122113123

12

3111322131113 121312322

455

2211232213221311132113

313122211322231132311121

32

456
457

222322132132232212113131

458

2123131121322232213223112

459
460
461
462
463
464

3111322211131131312113
113231322311123111212327:2

322131112311123132132212

2113212232122232323213213:2

23 21221321113113131311221

313113131112113223111211
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Numeric sequences corresponding to nucleotide

base patterns of a set of oligonucleotides

Table IA:

n wmMr oo N MPWN O>OONO AN
VCOwVvwvwwrssr~>~MDSO OO
O P P P P P PP S

Sequence
Identifier

Numeric Pattern
3211132131112 13112231322
323232212223222321113212
222312321231121213212313
113122323231121322311122
212111322231131231323121
131211131312221131232123
311311221132231311221131
213131112223121113111313
1113222123113 221222313213
1112132321132111313121312
212312312221322121131323
213121112322123123132113
131223122323123122232121
22113113112232121223131132
321311232221313223112121
313111213211311321112131
122311322322123231131222
2111232232321313211221131

o~

800C TEIN 0C  6¥£10Z800¢C

483

111211313222313113223222

484
485
486
487
488
489
490
491
492
493
494

132232112113113231222113:3
322131123212121313221312

223121223111313111322123

2211131313111 232222312213

232311222313212213211311

211222311232311132232211
123232223111312312312221

113221232231212231323111

2131211131131 21313122213

31231123213121212321123:1

311311213222123211123123

495
496
497
498
499
500

321321212132211131231322

322122232321231221231223
131312213111223131311221

321231213132221213231211

322131113112311122311321

113112313112121313123112

501
502
503
504

1113131121323 222111311312
312323221223121311122131

213132212131312122321231
31313223112113221113121°2

505
506
507
508

13121231112132122232213131
313231121311131212322112

111313121223113131121113

322121311211322321113232

509
510
511
512
513
514

2312132123121122323222123

222322322113212323122213

2111323223232211131221113

232322231223122112322123

122112311231323222321123232

213123222323132223121221

515
516
517
518

311231121321121312312223

112132323223221212312213
213122131131232232321221
1123232323221112311222232

3112211321212312323213111

519
520

221223232321132132321112



15

Numeric sequences corresponding to nucleotide
base patterns of a set of oligonucleotides

521
522
523
524
525

Sequence
Identifier

Numeric Pattern
13221213212132132121 3131

3 21321113131122322213212
113222321131132132231121
311131112323212132221123
223231321123112312321221
321313223211121313112111

Table IA:

800¢C TeIN 0¢

526
527

122112321312232113131213

221323232223213121311221

WA O A NMIP O
NN MMM MMM
w0 wnwnwnmwnwnwn N wn

131313222323212123212111
221132221323131222322113
123113222122311213213231
1 21222323223212322232311
111323222121311312223123
113131212312223221322321
113113111231323121123211
213232223121232211311322

61 10¢800¢C

537
538

321311132312131221321121
312111232211322132123123
131221311311223222131123
121222313113232311123112
231321112132221231321321
221313132131211131222312

1223222113223 22312113123

539
540
541

542

543

544

322321113221113232311222

545

1 21312232323222322121321
321132212231311231211213
213122132231211323232112
111232111231131323222322

31213113111232121213231:2

546
547

548

549

550

212131323212322123121113

551
552

212311323121131231131122

232231311213211313112221
213121123231132112113231

321221231231213213211321

553
554
555

131212312221321223112323

556
557
558

112211322232131323122231

1131112131232113211312322:2

223131132232232112113112
132323111213231113222111
222123213213122212323113
122112313111221323232213
123221121323121321113231
212322312111231221231323

559
560

561
562
563
564

221221313223232323121212

232232212312231322131121

565
566
567
568

112223132211311311323211

1113121113221132322232133

232231312312122321211322

569
570
571
572
573
574

211121323112313221213132
121312322123121322132213

322113231131212321223221

211311132111322232131232

1131311132223212231121113

1i212213123231322121232332

575
576

132223132221321223231121
123221112313 131223232121



16

N~ OO A NMm P INWYWE 00O AN
7778888888888999
W Wwwnwmwmmwmwnnw;minmwnnwn

Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

2 11123223231221223231312
211311223113211313221223
131312131122113222322312
311311232211311121232113
212223231221131132231311
132213112223232132131122
113222122322312322321223
311231322211313222121321
132311312232123213212111
132231112313212211321123
123232212223131231321122
111213232232231132232212
32131311131212123213%2221
313132122231231123122121
313212113222132321212231
121123231221223122313131
221322322123231313211211
111231321212231122323123
112213113211321313222113

Table IA:

800C TEIN 0C  6¥£10Z800¢C

593
594
595
596
597
598
599
600

232113222111321131112323
311123121132231212113113
112313213222321222313222

132311232113122123212223
321122311223111312113232
212322211321323111213132
321223111223112213113213
112123211232132231113231
231121223131122123131322
213232111231231131113212
321232321113111222312321

1122322231113 22232231311

601
602
603
604

605

606
607

608
609
610

1122322231321321221321332

211223132223112113131322

2322312232113 23222122322

611
612
613
614

311122232313212321222311
211311231123231132311212
211232311322232311131212
223212123111321131131132

213131311311311121131121

615
616
617
618

122231112322112313131312

223232321212132122131123

122322132122312323113221

619
620

232223212223112311123113
232213122323221112321322
212131321223212131313111
111213211311232132232231
231323231222123122113221

131122232232132322123122

621
622
623
624

625
626
627
628
629
630
631

312231131113 1112132222311
312112131311213213132211

312231112223213221213231

312221131131231121123213
222313131113213112113121
312211313211123132121131
222312131122311122231313
231131131323221211312221

632
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Numeric sequences corresponding to nucleotide
base patterns of a set of oligonucleotides

ML VEEOAANOODHNMTET OO
MO MmOamMmeA o P S P
W WO W WLWLWWWLWWLWWYWYWWWOLWY

Sequence
Identifier

Numeric Pattern
323111231222131321121137:2
111211311213131313111322
322321113211213131112213
132312221312212323123122:2
1313212132221312221213213
12312213121323212112232213
123111232122132221313223
1 2122313231313 2212232211
131232321223112211311322
21 123232231213 11213131 21
111221322311132123131113
222131322311311123221123
31223223122 122312311222 3
212232232231 1223113111221
12211321131122313132223]1
32123223211232122113111 3
213223231222123211231223

Table IA:

800C TEIN 0C  6¥£10Z800¢C

649

650
651

231211231113222121313131
321131223222321231211312
223112211313211312322213
113232223222131321113121

652
653
654
655
656
657
658

131313121113212131132211
122123112132213111313132
22 3223121221313112323222

222122313132223221222323

132322113113223122122312
3131112312231123223121132
3121132122132123132321112
222312221131323223112321

659
660
661
662
663

1713221321112131321311131
321113212311212323111232

211211323232232311232112

664

665

1711312221313213111313112

666
667
668

221322231322311121321113

2112132312313211312231113

311312213122312322132211

€69
670

211131313113221321121311

211321231311123123232212

671
672

313222322232213221223121

1713211131112322113132132

673
674

123131122322322311123211

221312213132132131131121

675
676

213231231131132213111221
211232132112323123121132
223131113112113213232111
211231323131221213122322
321211311123232322231221
323112323221123113121212
311132212213213221113123

213112232322231211323121

677
678

679
680

681
682

683
684

23122213122313132211123]1

122122313222311232231213

685
686

121321322123222312221323
121311311311211132213131
312322311132112311222321
313122312132131112312111

687
688
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Numeric sequences corresponding to nucleotide
base patterns of a set of oligonucleotides

Table IA:

Numeric Pattern

Sequence
Identifier

689
690

231313112111321231122231

212111312312323112213213

691
692
693
694

221232113112322231313111
1321112312311231212231231

311122232322111322311231

312311231223232221132121

695
696
697
698

311121132313132211231112

232231112132212213222323

222313132121223121231311

122323232111321131222113

699
700
701
702
703

212132223113232312321222

323113221213232121113112
321232231121321112131223

221311132323122232321222

222132112123211313123231
1321232121312312232223222
122211321113232131312113

704
705
706
707
708
709
710
711
712
713
714

122232322311223211132311

123221221312232312311231

213213213112123111221313

222112313113132213132121

111322213213132321232111

121212312132131321312213

231311322112232121312231

212131312322121231132232

111222322113223223223223

715
716
717
718

223223113123111321311221

113131211321323222123222:2

1712113113113231113122312
2113221113223123122231213
121211312113132321132312

719
720

3 22111232232232221132312

721
722
723

313221132212213221131132
212213132223131121132132
211232232212323221312322

724
725
726
727

311132231213112321123222
231213123112231223122132:2
123121313211131121132232:2
132113232213121321223112
1232131221113213223212322
221223121123131313221113

728

729
730

1222322123121112322321323

731
732
733

223113111211313211211313

232321121132132113122131
123111322131322212312113

734

122132211313132223213122
2321321223212312211132332
132231211131131131321212

735
736
737
738

321123131211131313121122

232322311312111322212312

739
740
741
742
743
744

1132113132132213112231221

311231131231132223221121
111223223131211312132312

231223222112312323231221

123113212232231323122211

323211123222313123212122
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Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

1 1 2231231322211131322312
22232321121231 2231313222
321321312312211311312111
222112323111222322323132
3 21113112213121113132312
112132211322211313223232
323231232221213122232212
321213232312213122232111
3 22321131113121232113111
121221312232111313132311
313231212231112213122321
21131132211132121313132221
312322131211132221132132
323122321231311123221112
231221223211311131223131
113112232321132221231321
2232122213113 12223213123

Table IA:

800C TEIN 0C  6¥£10Z800¢C

761
762
763
764

212123222323211311311123

312112323231122232311211

221311123231312221131322
132321311222321222132232
213221131213132111231213

765
766
767

311323121223211122312113
3211223232213122211311332

768
769
770
771
772
773

213 1212223231122312132123

113211131312121322113223

122132211322122232313231

131231132132221231122131
231322132211323121322111

774
775

221223213122213131131231
212223232223223122131213
321211232323231113221211

776
777

212123223132121113131311

778

2213221322211131223223132

779
780

2221311211323 12323123111
131321123232111213221312

232312111313111221322322:2

781
782

311222132311232223131221
2323123232113 21212311122
223231123122112311213113
112322322213122313111322
131223232213212213212113
223123212213111322212323
212312232323221313112221
213232131212223121322123
132221123232221322322123
232321113213111321113122

783
784

785
786
787
788

789
790
791
792
793
794

322123121213231322322122
222312231123221121323232
131321221321322122321132
2113213111311311312112223

131113131122123211231113

795
796
797

221312223221323231222113

798
799
800

3123122311312121313121322
121222313231221131321123

232122323132211321211322
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Table IA:

Numeric sequences corresponding to nucleotide
base patterns of a set of oligonucleotides

H NNV ODOONO A NM N O
O o0oo0o0000O0M A~
W 0 M 6 0 0 M 0 W o Wwam o o

Sequence
Identifier

Numeric Pattern
112221321311 1323223213222
3 2213113122113 2231121123
2111321232313 12312221233:2
231112312211131231131231
221221312322 3132322213222
213232221113 132132121231
1] 322121132111 23123223123
221131313111 21132232122323:2
312122311123 232111231231
1231231122113 11131113131
311213222312223232223221
1 322 3222131222312 2232113
321231312223 121211312213
222121323132 121323123122
2121232311312 121132232223
1223 1213123121321 12223133:2
231213123231 13112222312272

—

800C TEIN 0C  6¥£10Z800¢C

818
819
820

311312122311131122231237:2
312322213232131212131222

311212231322121132132132

821
822

132313211321121311131222

321311211321122232313121
313221222313122213123222

3111231231223112221313132

823
824

825

111213232313 112132211321

1232322113223 21311311211

826
827
828

1221123132211213232113113

121131312322211322131113

829
830

232213232213111212311131

222131131223221312113223

831

323211232121131213221132

832
833

212213131311 122321313122

213231312111321113222123

223231113221132113221322

834
835
836
837
838

1113232113223 11311212231

3112131323221222311121131

212113131313121132112113

231323111223121313211122

312311211322211323131112

838
840

323231212322212231221132

841

211132313232111231211231

842
843
844

321313222312 223111311212

311212232212322232212313:3

323211211312321223223222
211122312232313223113112
231312132212132211322213
1322232211312 21232131113
311232321311211313122111
321221231113 1132232221322:2
323221213113 221112322113
221131321323112123121321

112322121131231313222132

845
846

847

848

849
850

851
852
853
854
855
856

12121131222312321323213:2
212322232232232211322231

312132221321213113121113

3223112121313 12132111213
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857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872

Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

1112323212223212322213

1 31311312221321131123121
2311231311131 21223132122:2
231131221213213223212131
312213213212231131221232
122111322312123111311323
112321313122321323112122
2212223223132321112323132
123211223231121123212323
312223212131312213211321
112122322322213131113113
1 23123123212223211131321
112321222323231223232111
132322123113112132113112
322123213131231113111221
322232122131211123132232

Table IA:

800C TEIN 0C  6¥£10Z800¢C

873
874
875
876
877
878
879

231222123131221131311131

2

2 323232212232112231312

2

312323231212312211131112
131221213122232131311132

311313212321121321223212

222321123223223132221131

132111213213212311211313

880
881
882
883
884
885

3112322311223111212231322

132132211223121321132223

132321113111231123112113
232213121222323111232311

232 123223132223112232212
231323112213221232232212
311311131112313111312212
221132113223232231212213

886
887
888
889
890

123123232223122231122311
113211323111223223222311

1723113232111322231113111

891
892
893
894

131313211312112232121321

222123131213123111211323

131112213213211231222323

312223131223112313112121
312213111312311211131231
2313121311132121232232132
311312132111321113211322
111232323222132132232111
223223113211313123112111
212223131311131113132221

2122213231231 12223231232

895
896
897
898
899
900
901
902
903
904

221213231231231211322312
211131211223213111321323
322213212231212232323211
32322323112113122311121272

905

906
907
908

1711311132121113231312131
2122232113113232131211223
2131131231112232312223232
121121321132311231231312
112323112113121113232321

509
910
911
912

1223113121113123222322213:3
231112131132313122121321
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913
914
915
916
917

Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

13 2212232311131322212312
111213213231213131131222
132321231132321121131221
231221131223232132322121
132221231212223213123132

Table IA:

800¢C TeIN 0¢

918

212323212311312212132213
311122322321213132312121

213111213222113212132323

919

O M N M <N WM™~ O
NN NN
A OO OO O

231222131232221223231311
113223121222322322131231
231232312112313112111311
111322213222321221321313
132223123231213211121311
113232212231 123231232212
111223113232312112322232
322213231221113121312213

61 10¢800¢C

929
930
931
932
933
934

121132321211313113232211
1231122232223 23123113221
111311223131112311132213
13232113132121113212223]1
311221131223221212323132

212311132322322211321131

935
936

211132111232 212323131311
111312122312231312131322

937
938

113231212311212323131112
111213132223221123211323
13 12221312313221131122213

939

940

223211123132323112122321
132132321222313121121311
2313221113 13223223121222
111313232122131112132223
3222132212223 12313121123

1132321112311211131322332

941
942

943
944
945

946
947

1121113223132131132321122

212231322232321113113121

948

2221213223223 23223111322
1 23111212312232322232232
1711313123211132313221221

223113111322131231231122

949

950
951
952
953
954
955
956
957
958

1 23221222322213222323231

111212311222311313113231

312213121213112122311313

221311211313111232123232

222123111313113232122123

3 21132122113232312221321

121113131132111313211132

959
960

122322112231132321231113

2121213223132 23132113122

961
962
963
964

213123131212123111312132

1211311312312 22323211123
2 231321121131113123113131

312223231321113211121311
1112131232131122232323272

3111 22132322232323212212

965
966

967
968

1 22231321231213113122322
1213132231132 12321113222
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A O -H NM P W00 O A NM
O~~~ M~~~ o©o o
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Sequence
Identifier

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

2 11222323112322322122323
221322212313132313122211
322322131323222123111222
222122323123231112113131
321132112123121323122113
231312312321212321321121
1712231311131312111231213
222311323123221311232221
132232232321122322132111
1 21323131132312113121222
323231211321122313221112
213221223222323112223131
121322311213211222311313
1 2322232322231 1213131121
231211131212313131223211
211131231312322322111322
113231112223211311221323
311123131322122312132221

Table IA

800C TEIN 0C  6¥£10Z800¢C

985
986

987
988

222321112313121213232213
3221122323121 22231221323

989
990
991
992
993
994

131323223121113123222121
112232313111223121131131

221113131122313113131112
223221311311223112321232
1 32211312123232312322211

231322123223211213111223
221312113222131312231311
7 23132112113132122231132

232221132321123122232213

995
996
997
998
999

223113113122322122322311

212131113122111313231123

1000

2111223221311 12223132323

1001

122322132323221223122123

1002

313112212323231121213111
223122322111321113132321

1003

1004
1005
1006
1007
1008

323232111223112123221123
111321113111311322231113

222132231131121311131113
323211211313231121321122
212231112113131312223231

1009
1010
1011

723131113113113221131222

113132313212122322111311
222321113231231232113121

1012

312322123231231112123212

1013

321311211132322111323221

1014

111313212323232123121222
111312113132213211122323

113112213131121132323121

1015

1016
1017

312113111323111232111223
312311131232221113222322
1323211321121 13222313111

322313112213112223121113

1018

1019

1020

1021

221131112223212323223223

1022

17131131222131231112313222
2113222313121113123121123
231312132223211212322232

1023

1024
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Numeric sequences corresponding to nucleotide

Table IA:

HInWwW 0RO HANME N OV ONO N
D[N NN AN NMO MO MO NN MO
U-AlOoO OO O OO OO0 OO0OO0OO0OO0OO0C OO
BWHIA A A A A A A A A A A A A A A A A

sm..u
338
o ]
[o]
M HFNMANAMAOMM N NN A A AN
W MM AMANA A ANANOA A AN
m N-H AN NNAMM NN ANMANAMO AN
.W AANMAOM AN A AN AN N A
wm MMM AN AN MM AN A AN A NMAMN NN
w N AN ANANNMMM AN NMNMM
o NN A M NA A A NNNNNMAH AN
ﬂ N NN AANAAAAANA AN N A
0 o MeEMAM NN A A NN AN A
o ﬂ AN AN AN A A A MMM AN NN A
ﬁ m AN A MO N A NNNNMONM N ™M
@ M NN N A A AN A A A AN
m ) MH A AN AN AONANM A
m.n NN A AN ANNAMAANAMAM
“ m N AN N ANMANMMNMOAMEN M A
D.N A M ANA A AA A A A A A
% HO N NN A OO N ANNNAMN M
M AN N ANAAAAd A MM A A Mmoo
MANNMENAAA AN AN
N A AN ANNA AN AN® A A
N rH M A A A0 MmeaaAN0N AN
N A AN AAN AN AN ANNM
OO N MM A A N A NA A A A A
AN A AN NN A A A A NN

800C TEIN 0C  6¥£10Z800¢C

1043
1044
1045

22311311221132322211321321
131113112322312221231232

31221113131232231223111°2

1046

112312112232231313132112

1047
1048
1049

3222322311132 321113212172

231322121231311132321122

223231311131132121213112

1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062

321132221313221213132221
312131213121132211223113

131312312232221232122123
1113221131112 23213231213

2223121223222323132132121
1222321311132 2322123132322

3122231321132 22121312311

1131211132313 22312221312

3121223211312 12322321113

321131323212232113221122

3232312213211231132122221
321131113122113232213211

1321311132231 11223122123

1063
1064
1065
1066
1067
1068
1069
1070
1071

211313113223132112321222

3221131112132 13121132311

211321112231113232121323

113123212322212232232321

122213112121323113131213

322123111313212323221112
212212323113113112312213-

211211322311313112232232

231232223123211223221113

1072
1073
1074
1075
1076
1077
1078

323111312223132223212112
131311212131223131222322
222313123231231211132211
322321112232132111311321

32322123123223222321221°2

122122323213123212211313

3221311131222 123113221322

1079
1080

223232122113131323111212

322211312131113132312221
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1082
1083
1084
1085
1086
1087

Sequence
Identifier

25

Numeric sequences corresponding to nucleotide
Numeric Pattern

base patterns of a set of oligonucleotides

11223112113112223223233
112113122311221323132113

7 12313111213121322122323
1 12322231313122213211131
1322213112131 11232322231
212113211323221131222313

Table IA:

800¢C TeIN 0¢

321323112113221323221121

1088
1089
1090
1091
1092
1093
1094
1095
1096
1097

113232322111321112321312
131312322212322323112211
1732231121223123121131131
2311232313123 22213112112
7121123123211 32223132223
111313231121311121131311
712111322122313131322213
1 321323223213 22213212121
321131123212213121222323
312111232223121113213223
121321232123232311312221
1231123213132 31221322211

61 10¢800¢C

1098
1099
1100
1101

321321222132312321131121

131122321223113113112123

1102
1103
1104
1105

222121311223131311322113

111321321313122231311221

222111311132122321131323

111223131113231123113222

1106
1107
1108
1109
1110
1111
1112

113111211321231213213213

1 22231122321223213222323
1713131121123213131212113

23 2321121322322112313211

212132232132221312311232
1 22323221311231232211213

32 22321213212223122312332

1113

7313211132123 13221231121

1114
1115

311132221132312321212232

2211123121113 13213231132

1116
1117

221112323231311312311211

1 2223212111323 1131131311
231221321222323113131222

2223112311122312231213123

1118

1119

1120

1 31321131221131121131113
122311223131132311321112
2221313113212 23222311131
211132311131222311123123

1121

1122

1123

1124

311132213131112321311122
323112112311311322123221
223231121113213123232212

221212312123 1322223232231

1125

1126

1127

1128

223122232323132122132212

1129

111323122113221322231312
2 232122232121123222311313
322231112213232313111212
17123223131223121123222311
213213213212232232112113

1130

1131

1132

1133

1134

322321122231323221322122
231121231213221321122323

1135
1136

231213212322232312211131
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Table IA: Numeric sequences corresponding to nucleotide
base patterns of a set of oligonucleotides

Numeric Pattern Sequence
Identifier
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168

WERHFPWRNNRPOMPNDMDNODPRPWERPEORERPWNDNWWNDNWWNRFRPW
N NP NP0 NDNREWNDWERENNNNDRERRPRSRSNDNRMSAEND W
HFNMNRPBNMUONWWRRRFERUDWNEHWRDDRFEWLUDNDNWENREWR WNDN
WHE WWWHERRBMHHBOUOODWRELODEFERPRRNDFEDWWEDWHE W WW
o R R WRNOMNDNDNFESWRNRFRUODWWWWRPERFEFRFRWR WP N
WHEHWHEFRNRLOUDNDWEREWHERBRNDWERENRRFERMSRERFPRWND E N R R W
HWNHMLUDNWRNNMWREHENDREFEFPWOLDWRERODNDWRODWNONNODNDRSEN
NN WWRNWHNDWRENDWWEN R WWO W R WREFDDDWWNNND
P WA HWRRODNONPE RBWERMSDWHERBWERDDRPNWRDODFENDRE DN
AN HN R WRHEWWR B BHBWRRNDWERERDODRONEREFEDWDODNEFE WD
NN WM HEDNEREWNWWNWWNWKRENWREWERERFEWNDNNLDWRE W
NN PN WWRHRESBPBUONDODMEWHENDNDENDONDNFERWRRNDWPS
WE WD WWOMONMNONREWNWODWEWNDWRENDELDREWNWNDNDNEPE W
HF R HMDREMDWNDNWWPRPRERFEREWHEDNNWNODRPELDNWERENNWREPRPN
NOW N WWRFERODWHNDNDERERERWNNWWWE WWWNRENNPS &P WP
WHENMDDWWERFEWWWRENDRENDEDEFENDWENDOUNWHEHNDNHAERN
N WNHWRDRMEWONNENDWRERRRRRRNDWENDPS P WS WNDW
WM HEFNDMOMNONDHEBNEMENDENDNDWRPRPRRDDWONNFENDRFENNDNDWERENDWES W
N WP WRRRNDWONWENEFENDENDDONONNDONHE P WD
H W WERNDRPENDWENDWRWWREWRNRFEWWREWE WK WWNRFE N
H P HRFREFBNONDMENMNOPEPENDRERRNDNWNDRERKWRENREPERFRNDWE AN
NWHEWWHWREDWNPRRFERFERNDRFEDNODRPRODREWWNDDODNNRPS SR
NN NNNDNDWNWNRERBNNMWRRERFEREWNDERERNNDNLDNONNNDNWWWND P
N R HNWHEWRRBNDWWHENDEWWHRERNDWNDERFEWRDNRRFENDP W

In Table IA, each of the numerals 1 to 3 (numeric identifiers)
represents a nucleotide base and the pattern of numerals 1 to 3 of the
sequences in the above list corresponds to the pattern of nucleotide
bases present in the oligonucleotides of Table I, which oligonucleotides
have been found to be non-cross-hybridizing, as described further in the
detailed examples. Each nucleotide base is selected from the group of
nucleotide bases consisting of A, C, G, and T/U. A particularly
preferred embodiment of the invention, in which a specific base is

assigned to each numeric identifier is shown in Table I, below.

In one broad aspect, the invention is a composition comprising
molecules for use as tags or tag complements wherein each molecule
comprises an oligonucleotide selected from a set of oligonucleotides
based on a group of sequences as specified by numeric identifiers set

out in Table IA. 1In the sequences, each of 1 to 3 is a nucleotide base
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selected to be different from the others of 1 to 3 with the proviso that
up to three nucleotide bases of each sequence can be substituted with
any nucleotide base provided that:
for any pair of sequences of the set:
M1 < 15, M2 < 12, M3 < 19, M4 s 15, and MS < 18, where:
M1 is the maximum number of matches for any alignment in which there
are no internal indels;
M2 is the maximum length of a block of matches for any alignment;
M3 is the maximum number of matches for any alignment having a maximum
score;
M4 is the maximum sum of the lengths of the longest two blocks of
matches for any alignment of maximum score; and
M5 is the maximum sum of the lengths of all the blocks of matches
having a length of at least 3, for any alignment of maximum score;
wherein:
the score of an alignment is determined according to the equation (A
Xxm - (Bxmm - (C X (og + eg)) - (D X eg)), wherein:

for each of (i) to (iv):

(1) m=6, mm=6, og =0 and eg = 6,
(i1) m=6, mm=6, og =5 and eg = 1,
(iii) m =6, mm = 2, og = 5 and eg = 1, and
(iv) m=6, mm=6, og = 6 and eg = 0,

A is the total number of matched pairs of bases in the alignment;

B is the total number of internal mismatched pairs in the
alignment;
C is the total number of internal gaps in the alignment; and
D is the total number of internal indels in the alignment minus
the total number of internal gaps in the alignment; and
wherein the maximum score is determined separately for each of (i),
(ii), (iii) and (iv).

An explanation of the meaning of the parameters set out above is
given in the section describing detailed embodiments.

In another broad aspect, the invention is a composition containing
molecules for use as tags or tag complements wherein each molecule
comprises an oligonucleotide selected from a set of oligonucleotides
based on a group of sequences as set out $n Table IA wherein each of 1
to 3 is a nucleotide base selected to be different from the others of 1
to 3 with the proviso that up to three nucleotide bases of each sequence
can be substituted with any nucleotide base provided that:

for any pair of sequences of the set:
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M1l < 18, M2 < 16, M3 ¢ 20, M4 < 17, and M5 < 19, where:
M1 is the maximum number of matches for any alignment in which there
are no internal indels;
M2 is the maximum length of a block of matches for any alignment;
M3 is the maximum number of matches for any alignment having a maximum
score;
M4 is the maximum sum of the lengths of the longest two blocks of
matches for any alignment of maximum score; and
M5 is the maximum sum of the lengths of all the blocks of matches
having a length of at least 3, for any alignment of maximum score;
wherein
the score of an alignment is determined according to the equation (A
xm - (Bxmm - (Cx (og + eg)) - (D x eqg)), wherein:

for each of (i) to (iv):

(i) m=6, mm=6, og =0 and eg = 6,
(i1) m=6, mm=6, og =5 and eg = 1,
(iii) m =6, mm = 2, og = 5 and eg = 1, and
(iv) m=6, mm=6, og = 6 and eg = 0,

A is the total number of matched pairs of bases in the alignment;
B is the total number of internal mismatched pairs in the
alignment;
C is the total number of internal gaps in the alignment; and
D is the total number of internal indels in the alignment minus
the total number of internal gaps in the alignment; and
wherein the maximum score is determined separately for each of (i),
(ii), (iii) and (iv).
In another broad aspect, the invention is a composition comprising
molecules for use as tags or tag complements wherein each molecule
comprises an oligonucleotide selected from a set of oligonucleotides
based on a group of sequences set out in Table IA wherein each of 1 to 3
is a nucleotide base selected to be different from the others of 1 to 3
with the proviso that up to three nucleotide bases of each sequence can
be substituted with any nucleotide base provided that:
for any pair of sequences of the set:
M1l < 18, M2 < 16, M3 < 20, M4 s 17, and M5 s 19, where:
M1 is the maximum number of matches for any alignment in which there
are no internal indels;
M2 is the maximum length of a block of matches for any alignment;

M3 is the maximum number of matches for any alignment having a maximum
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score;
M4 is the maximum sum of the lengths of the longest two blocks of
matches for any alignment of maximum score; and
M5 is the maximum sum of the lengths of all the blocks of matches
having a length of at least 3, for any alignment of maximum score,
wherein:
the score of an alignment is determined according to the equation 3A
- B - 3C - D, wherein:
A is the total number of matched pairs of bases in the alignment;
B is the total number of internal mismatched pairs in the
alignment;
C is the total number of internal gaps in the alignment; and
D is the total number of internal indels in the alignment minus
the total number of internal gaps in the alignment; and

In preferred aspects, the invention provides a composition in
which, for the group of 24mer sequences in which 1 = A, 2 = T and 3 = G,
under a defined set of conditions in which the maximum degree of
hybridization between a sequence and any complement of a different
sequence of the group of 24mer sequences does not exceed 30% of the
degree of hybridization between said sequence and its complement, for
all said oligonucleotides of the composition, the maximum degree of
hybridization between an oligonucleotide and a complement of any other
oligonucleotide of the composition does not exceed 50% of the degree of
hybridization of the oligonucleotide and its complement.

More preferably, the maximum degree of hybridization between a
sequence and any complement of a different seguence does not exceed 30%
of the degree of hybridization between said sequence and its complement,
the degree of hybridization between each sequence and its complement
varies by a factor of between 1 and up to 10, more preferably between 1
and up to 9, more preferably between 1 and up to 8, more preferably
between 1 and up to 7, more preferably between 1 and up to 6, and more
preferably between 1 and up to 5.

It is also preferred that the maximum degree of hybridization
between a sequence and any complement of a different sequence does not
exceed 25%, more preferably does not exceed 20%, more preferably does
not exceed 15%, more preferably does not exceed 10%, more preferably
does not exceed 5%.

Even more preferably, the above-referenced defined set of

conditions results in a level of hybridization that is the same as the
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level of hybridization obtained when hybridization conditions include
0.2 M NaCl, 0.1 M Tris, 0.08% Triton X-100, pH 8.0 at 37°C.

In the composition, the defined set of conditions can include the
group of 24mer sequences being covalently linked to beads.

In a particular preferred aspect, for the group of 24mers the
maximum degree of hybridization between a sequence and any complement of
a different sequence does not exceed 15% of the degree of hybridization
between said sequence and its complement and the degree of hybridization
between each sequence and its complement varies by a factor of between 1
and up to 9, and for all oligonucleotides of the set, the maximum degree
of hybridization between an oligonucleotide and a complement of any
other oligonucleotide of the set does not exceed 20% of the degree of
hybridization of the oligonucleotide and its complement.

It is possible that each 1 is one of A, T/U, G and C; each 2 is
one of A, T/U, G and C; and each 3 is one of A, T/U, G and C; and each
of 1, 2 and 3 is selected so as to be different from all of the others
of 1, 2 and 3. More preferably, 1 is A or T/U, 2 is A or T/U and 3 is G
or C. Even more preferably, 1 is A, 2 is T/U, and 3 is G.

In certain preferred composition, each of the oligonucleotides is
from twenty-two to twenty-six bases in length, or from twenty-three to
twenty-five, and preferably, each oligonucleotide is of the same length
as every other said oligonucleotide.

In a particularly preferred embodiment, each oligonucleotide is
twenty-four bases in length.

It is preferred that no oligonucleotide contains more than four
contiguous bases that are identical to each other.

It is also preferred that the number of G's in each
oligonucleotide does not exceed L/4 where L is the number of bases in
said sequence.

For reasons described below, the number of G’s in each said
oligonucleotide is preferred not to vary from the average number of G's
in all of the oligonuclectides by more than one. Even more preferably,
the number of G's in each said oligonucleotide is the same as every
other said oligonucleotide. 1In the embodiment disclosed below in which
oligonucleotides were tested, the sequence of each was twenty-four bases
in length and each oligonucleotide contained 6 G's.

It is also preferred that, for each nucleotide, there is at most
six bases other than G between every pair of neighboring pairs of G's.

Also, it is preferred that, at the 5'-end of each oligonucleotide

at least one of the first, second, third, fourth, fifth, sixth and
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seventh bases of the sequence of the oligonculeotide is a G. Similarly,
it is preferred, at the 3’'-end of each oligonucleotide that at least one
of the first, second, third, fourth, fifth, sixth and seventh bases of
the sequence of the oligonucleotide is a G.
It is possible to have sequence compositions that include one
hundred and sixty said molecules, or that include one hundred and
seventy said molecules, or that include one hundred and eighty said
molecules, or that include one hundred and ninety said molecules, or
that include two hundred said molecules, or that include two hundred and
twenty said molecules, or that include two hundred and forty said
molecules, or that include two hundred and sixty said molecules, or that
include two hundred and eighty said molecules, or that include three
hundred said molecules, or that include four hundred said molecules, or
that include five hundred said molecules, or that include six hundred
said molecules, or that include seven hundred said molecules, or that
include eight hundred said molecules, or that include nine hundred said
molecules, or that include one thousand said molecules.
It is possible, in certain applications, for each molecule to be
linked to a solid phase support so as to be distinguishable from a
mixture containing other of the molecules by hybridization to its
complement. Such a molecule can be linked to a defined location on a
solid phase support such that the defined location for each molecule is
different than the defined location for different others of the
molecules.
In certain embodiments, each solid phase support is a
microparticle and each said molecule is covalently linked to a different
microparticle than each other different said molecule.
In another broad aspect, the invention is a composition comprising
a set of 150 molecules for use as tags or tag complements wherein each
molecule includes an oligonucleotide having a sequence of at least
sixteen nucleotide bases wherein for any pair of sequences of the set:
M1 > 19/24 x L1, M2 > 17/24 x L1, M3 > 21/24 x L1, M4‘> 18/24 x L1, MS >
20/24 x L1, where L1 is the length of the shortest segquence of the pair,
where:
M1 is the maximum number of matches for any alignment of the pair of
sequences in which there are no internal indels;
M2 is the maximum length of a block of matches for any alignment of the
pair of sequences;
M3 is the maximum number of matches for any alignment of -the pair of

sequences having a maximum score;
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M4 is the maximum sum of the lengths of the longest two blocks of
matches for any alignment of the pair of sequences of maximum score;
and
M5 is the maximum sum of the lengths of all the blocks of matches
having a length of at least 3, for any alignment of the pair of
sequences of maximum score, wherein:
the score of an alignment is determined according to the equation (A
xm - (Bxmm - (Cx (og + eg)) - (D x eg)), wherein:

for each of (i) to {(iv):

(i) m=6, mm=6, og =0 and eg = 6,
(i1) m=6, mm=6, og =5 and eg = 1,
(iii) m=6, mm=2, og =5 and eg = 1, and
(iv) m=6, mm=6, og = 6 and eg = 0,

A is the total number of matched pairs of bases in the alignment; |
B is the total number of internal mismatched pairs in the
alignment;
C is the total number of internal gaps in the alignment; and
D is the total number of internal indels in the alignment minus
the total number of internal gaps in the alignment; and
wherein the maximum score is determined separately for each of (i),
(ii), (iii) and (iv).
In yet another broad aspect, the invention is a composition that
includes a set of 150 molecules for use as tags or tag complements
wherein each molecule has an oligonucleotide having a sequence of at
least sixteen nucleotide bases wherein for any pair of sequences of the
set:
M1 < 18, M2 s 16, M3 s 20, M4 s 17, and M5 s 19, where:
M1 is the maximum number of matches for any alignment of the pair of
sequences in which there are no internal indels;
M2 is the maximum length of a block of matches for any alignment of the
pair of sequences;
M3 is the maximum number of matches for any alignment of the pair of
sequences having a maximum score;
M4 is the maximum sum of the lengths of the longest two blocks of
matches for any alignment of the pair of sequences of maximum score;
and
M5 is the maximum sum of the lengths of all the blocks of matches
having a length of at least 3, for any alignment of the pair of
sequences of maximum score, wherein:

the score of a said alignment is determined according to the eguation
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A is the total number of matched pairs of bases in the alignment;

B is the total number of internal mismatched pairs in the

alignment;

C is the total number of internal gaps in the alignment; and

D is the total number of internal indels in the alignment minus

the total number of internal gaps in the alignment.

In certain embodiments of the invention, each sequence of a
composition has up to fifty bases. More preferably, however, each
sequence is between sixteen and forty bases in length, or between
sixteen and thirty-five bases in length, or between eighteen and thirty
bases in length, or between twenty and twenty-eight bases in length, or
between twenty-one and twenty-seven bases in length, or between twenty-
two and twenty-six bases in length.

often, each sequence is of the same length as every other said
sequence. In particular embodiments disclosed herein, each sequence is
twenty-four bases in length.

Again, it can be preferred that no sequence contains more than
four contiguous bases that are identical to each other, etc., as
described above.

In certain preferred embodiments, the composition is such that,
under a defined set of conditions, the maximum degree of hybridization
between an oligonucleotide and any complement of a different
oligonucleotide of the composition does not exceed about 30% of the
degree of hybridization between said oligonucleotide and its complement,
more preferably 20%, more preferably 15%, more preferably 10%, more
preferably 6%.

Preferably, the set of conditions results in a level of
hybridization that is the same as the level of hybridization obtained
when hybridization conditions include 0.2 M NaCl, 0.1 M Tris, 0.08%
Triton X-100, pH 8.0 at 37°C, and the oligonucleotides are covalently
linked to microparticles. Of course it is possible that these specific
conditions be used for determining the level of hybridization.

It is also preferred that under such a defined set of conditions,
the degree of hybridization between each oligonucleotide and its
complement varies by a factor of between 1 and up to 8, more preferably
up to 7, more preferably up to 6, more preferably up to 5. 1In a
particular disclosed embodiment, the observed variance in the degree of

hybridization was a factor of only 5.3, i.e., the degree of
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hybridization between each oligonucleotide and its complement varied by
a factor of between 1 and 5.6.
In certain preferred embodiments, under the defined set of

conditions, the maximum degree of hybridization between a said

oligonucleotide and any complement of a different oligonucleotide of the

composition does not exceed about 15%, more preferably 10%, more
preferably 6%.

In one preferred embodiment, the set of conditions results in a
level of hybridization that is the same as the level of hybridization
obtained when hybridization conditions include 0.2 M NaCl, 0.1 M Tris,
0.08% Triton X-100, pH 8.0 at 37°C, and the oligonucleotides are
covalently linked to microparticles.

Also, under the defined set of conditions, it is preferred that
the degree of hybridization between each oligonucleotide and its
complement varies by a factor of between 1 and up to 8, more preferably

up to 7, more preferably up to 6, more preferably up to 5.

Any composition of the invention can include one hundred and sixty

of the oligonucleotide molecules, or one hundred and seventy of the
oligonucleotide molecules, or one hundred and eighty of the
oligonucleotide molecules, or one hundred and ninety of the
oligonucleotide molecules, or two hundred of the oligonucleotide
molecules, or two hundred and twenty of the oligonucleotide molecules,
or two hundred and forty of the oligonucleotide molecules, or two
hundred and sixty of the oligonucleotide molecules, or two hundred and
eighty of the oligonucleotide molecules, or three hundred of the
oligonucleotide molecules, or four hundred of the oligonucleotide
molecules, or five hundred of the oligonucleotide molecules, or six
hundred of the oligonucleotide molecules, or seven hundred of the
oligonucleotide molecules, or eight hundred of the oligonucleotide
molecules, or nine hundred of the oligonucleotide molecules, or one
thousand or more of the oligonucleotide molecules.

A composition of the invention can be a family of tags, or it can
be a family of tag complements.

An oligonucleotide molecule belonging to a family of molecules of
the invention can have incorporated thereinto one more analogues of
nucleotide bases, preference being given those that undergo normal
Watson-Crick base pairing.

The invention includes kits for sorting and identifying
polynucleotides. Such a kit can include one or more solid phase

supports each having one or more spatially discrete regions, each such
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region having a uniform population of substantially identical tag

complements covalently attached. The tag complements are made up of a

set of oligonucleotides of the invention.

which

The one or more solid phase supports can be a planar substrate in

the one or more spatially discrete regions is a plurality of

spatially addressable regions.

The tag complements can also be coupled to microparticles.

Microparticles preferably each have a diameter in the range of from 5 to

40 pm.

Such a kit preferably includes microparticles that are

spectrophotometrically unique, and therefore distinguisable from each

other

according to conventional laboratory techniques. Of course for

such kits toc work, each type of microparticle would generally have only

one tag complement associated with it, and usually there would be a

different oligonucleotide tag complement associated with (attached to)

each type of microparticle.

The invention includes methods of using families of

oligonucleotides of the invention.

One such method is of analyzing a biological sample containing a

biological sequence for the presence of a mutation or polymorphism at a

locus

()

(B)

(D)

of the nucleic acid. The method includes:

amplifying the nucleic acid molecule in the presence of a first primer
having a 5'-sequence having the sequence of a tag complementary to the
sequence of a tag complement belonging to a family of tag complements
of the invention to form an amplified molecule with a 5'-end with a
sequence complementary to the sequence of the tag;

extending the amplified molecule in the presence of a polymerase and a
second primer having 5’'-end complementary the 3'-end of the amplified
sequence, with the 3’-end of the second primer extending to immediately
adjacent said locus, in the presence of a plurality of nucleoside
triphosphate derivatives each of which is: (i) capable of
incorporation during transciption by the polymerase onto the 3’-end of
a growing nucleotide strand; (ii) causes termination of polymerization;
and (iii) capable of differential detection, one from the other,
wherein there is a said derivative complementary to each possible
nucleotide present at said locus of the amplified sequence;
specifically hybridizing the second primer to a tag complement having
the tag complement segquence of (A); and

detecting the nucleotide derivative incorporated into the second primer

in (B) so as to identify the base located at the locus of the nucleic
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acid.

In another method of the invention, a biological sample containing

a plurality of nucleic acid molecules is analyzed for the presence of a

mutation or polymorphism at a locus of each nucleic acid molecule, for

each nucleic acid molecule. This method includes steps of:

(n)

(D)

amplifying the nucleic acid molecule in the presence of a first primer
having a 5’ -sequence having the sequence of a tag complementary to the
sequence of a tag complement belonging to a family of tag complements
of the invention to form an amplified molecule with a 5’-end with a
sequence complementary to the sequence of the tag;

extending the amplified molecule in the presence of a polymerase and a
second primer having 5’ -end complementary the 3'-end of the amplified
sequence, the 3’-end of the second primer extending to immediately
adjacent said locus, in the presence of a plurality of nucleoside
triphosphate derivatives each of which is: (i) capable of
incorporation during transciption by the polymerase onto the 3’-end of
a growing nucleotide strand; (ii) causes termination of polymerization;
and (iii) capable of differential detection, one from the other,
wherein there is a said derivative complementary to each possible
nucleotide present at said locus of the amplified molecule;
specifically hybridizing the second primer to a tag complement having
the tag complement sequence of (A); and

detecting the nucleotide derivative incorporated into the second primer
in (B) so as to identify the base located at the locus of the nucleic

acid;

wherein each tag of (A) is unique for each nucleic acid molecule and steps

{(A) and (B) are carried out with said nucleic molecules in the presence of

each other.

Another method includes analyzing a biological sample that

contains a plurality of double stranded complementary nucleic acid

molecules for the presence of a mutation or polymorphism at a locus of

each nucleic acid molecule, for each nucleic acid molecule. The method

includes steps of:

(R)

amplifying the double stranded molecule in the presence of a pair of
first primers, each primer having an identical 5'-sequence having the
sequence of a tag complementary to the sequence of a tag complement
belonging to a family of tag complements of the invention to form
amplified molecules with 5’ -ends with a sequence complementary to the
sequence of the tag;

extending the amplified molecules in the presence of a polymerase and a
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pair of second primers each second primer having a 5'-end complementary
a 3'-end of the amplified sequence, the 3'-end of each said second
primer extending to immediately adjacent said locus, in the presence of
a plurality of nucleoside triphosphate derivatives each of which is:

(i) capable of incorporation during transciption by the polymerase onto
the 3'-end of a growing nucleotide strand; {ii) causes termination of
polymerization; and (iii) capable of differential detection, one from
the other;

(C) specifically hybridizing each of the second primers to a tag complement
having the tag complement sequence of (A); and

(D) detecting the nucleotide derivative incorporated into the second
primers in (B) so as to identify the base located at said locus;

wherein the sequence of each tag of (A) is unique for each nucleic acid

molecule and steps (A) and (B) are carried out with said nucleic molecules in
the presence of each other.

In yet another aspect, the invention is a method of analyzing a
biological sample containing a plurality of nucleic acid molecules for

the presence of a mutation or polymorphism at a locus of each nucleic

acid molecule, for each nucleic acid molecule, the method including

steps of:

(a) hybridizing the molecule and a primer, the primer having a 5'-sequence
having the sequence of a tag complementary to the sequence of a tag
complement belonging to a family of tag complements of the invention
and a 3’ -end extending to immediately adjacent the locus;

(b) enzymatically extending the 3’-end of the primer in the presence of a
plurality of nucleoside triphosphate derivatives each of which is: (i)
capable of enzymatic incorporation onto the 3'-end of a growing
nucleotide strand; (ii) causes termination of said extension; and (iii)
capable of differential detection, one from the other, wherein there is
a said derivative complementary to each possible nucleotide present at
said locus;

{c) specifically hybridizing the extended primer formed in step (b) to a
tag complement having the tag complement sequence of (a); and

(d) detecting the nucleotide derivative incorporated into the primer in
step (b) so as to identify the base located at the locus of the nucleic
acid molecule;

wherein each tag of (a) is unique for each nucleic acid molecule and steps

(a) and (b) are carried out with said nucleic molecules in the presence of

each other.
The derivative can be a dideoxy nucleoside triphosphate.
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Each respective complement can be attached as a uniform population

of substantially identical complements in spacially discrete regions on

one or more solid phase support(s).

Each tag complement can include a label, each such label being
different for respective complements, and step {d) can include detecting

the presence of the different labels for respective hybridization

complexes of bound tags and tag complements.

Another aspect of the invention includes a method of determining

the presence of a target suspected of being contained in a mixture. The

method includes the steps of:

(1) labelling the target with a first label;

(ii) providing a first detection moiety capable of specific binding to the
target and including a first tag;

(iii) exposing a sample of the mixture to the detection moiety under
conditions suitable to permit (or cause) said specific binding of the
molecule and target;

(iv) providing a family of suitable tag complements of the invention wherein
the family contains a first tag complement having a sequence
complementary to that of the first tag;

(v) exposing the sample to the family of tag complements under conditions
suitable to permit {or cause) specific hybridization of the first tag
and its tag complement;

(vi) determining whether a said first detection moiety hybridized to a first
said tag complement is bound to a said labelled target in order to
determine the presence or absence of said target in the mixture.
Preferably , the first tag complement is linked to a solid support

at a specific location of the support and step (vi) includes detecting

the presence of the first label at said specified location.

Also, the first tag complement can include a second label and step

(vi) includes detecting the presence of the first and second labels in a

hybridized complex of the moiety and the first tag complement.
Further, the target can be selected from the group consisting of

organic molecules, antigens, proteins, polypeptides, antibodies and

nucleic acids. The target can be an antigen and the first molecule can

be an antibody specific for that antigen.

The antigen is usually a polypeptide or protein and the labelling
step can include conjugation of fluorescent molecules, digoxigenin,

biotinylation and the like.




2008201349 20 Mar 2008

10

15

20

25

30

35

40

- 39 -

The target can be a nucleic acid and the labelling step can
include incorporation of fluorescent molecules, radiolabelled

nucleotide, digoxigenin, biotinylation and the like.

DETAILED DESCRIPTION OF THE INVENTION
FIGURES

Reference is made to the attached figures in which,

Figure 1 illustrates generally the steps followed to obtain a family of
sequences of the present invention;

Figure 2 shows the intensity of the signal (MFI) for each perfectly
matched sequence (probe sequences indicated in Table I) and its complement

(target, at 50 fmol) obtained as described in Example 1;

Figure 3 is a three dimensional representation showing cross-
hybridization observed for the sequences of Figure 2 as described in
Example 1. The results shown in Figure 2 are reproduced along the
diagonal of the drawing; and

Figure 4 is illustrative of results obtained for an individual
target (SEQ ID NO:90, target No. 90) when exposed to the 100 probes of
Example 1. The MFI for each bead is plotted.

|
|

DETAILED EMBODIMENTS

The invention provides a method for sorting complex mixtures of
molecules by the use of families of oligonucleotide sequence tags. The
families of oligonucleotide sequence tags are designed so as to provide
minimal cross hybridization during the sorting process. Thus any sequence
within a family of sequences will not significantly cross-hybridize with any
other sequence derived from that family under appropriate hybridization
conditions known by those skilled in the art. The invention is particularly

useful in highly parallel processing of analytes.

Families of Oligonucleotide Sequence Tags

The present invention includes a family of 24mer polynucleotides that
have been demonstrated to be minimally cross-hybridizing with each other.
This family of polynucleotides is thus useful as a family of tags, and their
complements as tag complements.

In order to be considered for inclusion into the family, a sequence had
to satisfy a certain number of rules regarding its composition. For example,
repetitive regions that present potential hybridization problems such as four
or more of a similar base (e.g., ARAA or TTTT) or pairs of Gs were forbidden.

Another rule is that each sequence contains exactly six Gs and no Cs, in order
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to have seguences that are more or less isothermal. Also required for a 24mer
to be included is that there must be at most six bases between every
neighboring pair of Gs. Another way of putting this is that there are at most
six non-Gs between any two consecutive Gs. Also, each G nearest the 5’-end
(resp. 3'-end) of its oligonucleotide (the left-hand (resp. right-hand) side
as written in Table I) was required to occupy one of the first to seventh
positions {counting the 5'-terminal (resp. 3'-terminal) position as the first
position.)

The process used to design families of sequences that do not exhibit
cross-hybridization behavior is illustrated generally in Figure 1). Depending
on the application for which these families of sequences will be used, various
rules are designed. A certain number of rules can specify constraints for
sequence composition (such as the ones described in the previous paragraph).
The other rules are used to judge whether two sequences are too similar.

Based on these rules, a computer program can derive families of sequences that
exhibit minimal or no cross-hybridization behavior. The exact method used by
the computer program is not crucial since various computer programs can derive
similar families based on these rules. Such a program is for example described
in international patent application No. PCT/CA 01/00141 published under

WO 01/59151 on August 16, 2001. Other programs can use different methods,
such as the ones summarized below.

A first method of generating a maximum number of minimally cross-
hybridizing polynucleotide sequences starts with any number of non-cross-
hybridizing sequences, for example just one sequence, and increases the family
as follows. A certain number of sequences is generated and compared to the
sequences already in the family. The generated sequences that exhibit too much
similarity with sequences already in the family are dropped. Among the
“candidate sequences” that remain, one sequence is selected and added to the
family. The other candidate sequences are then compared to the selected
sequence, and the ones that show too much similarity are dropped. A new
sequence is selected from the remaining candidate sequences, if any, and added
to the family, and so on until there are no candidate sequences left. At this
stage, the process can be repeated (generating a certain number of sequences
and comparing them to the sequences in the family, etc.) as often as desired.
The family obtained at the end of this method contains only minimally cross-
hybridizing sequences.

A second method of generating a maximum number of minimally cross-
hybridizing polynucleotide sequences starts with a fixed-size family of
polynucleotide sequences. The sequences of this family can be generated

randomly or designed by some other method. Many sequences in this family may
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not be compatible with each other, because they show too much similarity and
are not minimally cross-hybridizing. Therefore, some sequences need to be
replaced by new ones, with less similarity. One way to achieve this consists
of repeatedly replacing a sequence of the family by the best (that is, lowest
similarity) sequence among a certain number of (for example, randomly
generated) sequences that are not part of the family. This process can be
repeated until the family of sequences shows minimal similarity, hence minimal
cross-hybridizing, or until a set number of replacements has occurred. If, at
the end of the process, some sequences do not obey the similarity rules that
have been set, they can be taken out of the family, thus providing a somewhat
smaller family that only contains minimally cross-hybridizing sequences. Some
additional rules can be added to this method in order to make it more
efficient, such as rules to determine which sequence will be replaced.

Such methods have been used to obtain the 1168 non-cross-hybridizing
tags of Table I that are the subject of this patent application.

One embodiment of the invention is a composition comprising
molecules for use as tags or tag complements wherein each molecule
comprises an oligonucleotide selected from a set of oligonucleotides
based on the group of sequences set out in Table IA, wherein each of the
numeric identifiers 1 to 3 (see the Table) is a nucleotide base selected
to be different from the others of 1 to 3. According to this
embodiment, several different families of specific sets of
oligonucleotide sequences are described, depending upon the assignment
of bases made to the numeric identifiers 1 to 3.

The sequences contained in Table I have a mathematical
relationship to each other, described as follows.

Let S and T be two DNA sequences of lengths s and t respectively.
While the term “alignment” of nucleotide sequences is widely used in the
field of biotechnology, in the context of this invention the term has a
specific meaning illustrated here. An alignment of S and T is a 2xp
matrix A (with p 2 s and p 2 t) such that the first (or second) row of A

contains the characters of S (or T respectively) in order, interspersed

with p-s (or p-t respectively) spaces. It assumed that no column of the
alignment matrix contains two spaces, i.e., that any alignment in which
a column contains two spaces is ignored and not considered here. The

columns containing the same base in both rows are called matches, while
the columns containing different bases are called mismatches. Each
column of an alignment containing a space in its first row is called an
insertion and each colmun containing a space in its second row is called

a deletion while a column of the alignment containing a space in either
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row is called an indel. 1Insertions and deletions within a sequence are
represented by the character ‘-'. A gap is a continuous sequence of
spaces in one of the rows (that is neither immediately preceded nor
immediately followed by another space in the same row), and the length
of a gap is the number of spaces in that gap. An internal gap is one in
which its first space is preceded by a base and its last space is
followed by a base and an internal indel is an indel belonging to an
internal gap. Finally, a block is a continuous sequence of matches
{that is neither immediately preceded nor immediately followed by
another match), and the length of a block is the number of matches in
that block. 1In order to illustrate these definitions, two sequences S =
TGATCGTAGCTACGCCGCG (of length s = 19; SEQ ID NO:1169) and T =
CGTACGATTGCAACGT (of length t = 16; SEQ ID NO:1170) are considered.
Exemplary alignment R, of S and T (with p = 23) is:

Alignment R;:

a]
Q
H
]
=
1
!
L
]
@
0
g
0
H
1
1
!
1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Columns 1 to 4, 9, 10, 12 and 20 to 23 are indels, columns 6, 7,
8, 11, 13, 14, 16, 17 and 18 are matches, and columns 5, 15 and 19 are
mismatches. Columns 9 and 10 form a gap of length 2, while columns 16
to 18 form a block of length 3. Columns 9, 10 and 12 are internal
indels. '
A score is assigned to the alignment A of two sequences by
assigning weights to each of matches, mismatches and gaps as follows:
¢ the reward for a match m,
e the penalty for a mismatch mm,
s the penalty for opening a gap og,
¢ the penalty for extending a gap eg.
Once these values are set, a score to each column of the alignment is
assigned according to the following rules:
1. assign 0 to each column preceding the first match and to
each column following the last match.
2. for each of the remaining columns, assign m if it is a

match, -mm if it is a mismatch, -og-eg if it is the first indel
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of a gap, -eg if it is an indel but not the first indel of a

gap.
The score of the alignment A is the sum of the scores of its columns. An
alignment is said to be of maximum score if no other alignment of the
same two sequences has a higher score (with the same values of m, mm, og
and eg). A person knowledgeable in the field will recognize this method
of scoring an alignment as scoring a local (as opposed to global)
alignment with affine gap penalties (that is, gap penalties that can
distinguish between the first indel of a gap and the other indels). It
will be appreciated that the total number of indels that open a gap is
the same as the total number of gaps and that an internal indel is not
one of those assigned a 0 in rule (1) above. It will also be noted that
foregoing rule (1) assigns a 0 for non-internal mismatches. An internal
mismatch is a mismatch that is preceded and followed (not necessarily
immediately) by a match.

As an illustration, if the values of m, mm, og and eg are set to

3, 1, 2 and 1 respectively, alignment R, has a score of 19, determined

as shown below:

Scoring of Alignment R,

Note that for two given sequences S and T, there are numerous
alignments. There are often several alignments of maximum score.
Based on these alignments, five sequence similarity measures are
defined as follows. For two sequences S and T, and weights {m, mm, og,
eg }:
e M1 is the maximum number of matches over all alignments free of
internal indels; ‘
e M2 is the maximum length of a block over all alignments;
e M3 is the maximum number of matches over all alignments of maximum
score;
e M4 is the maximum sum of the lengths of the longest two blocks

over all alignments of maximum score;




2008201349 20 Mar 2008

10

15

20

25

30

35

- 44 -

e M5 is the maximum sum of the lengths of all the blocks of length
at least 3, over all alignments of maximum score.

Notice that, by definition, the following inequalities between these
similarity measures are obtained: M4 < M3 and M5 < M3. Also, in order
to determine M2 it is sufficient to determine the maximum length of a
block over all alignments free of internal indels. For two given
sequences, the values of M3 to M5 can vary depending on the values of
the weights {m, mm, og, eg }, but not M1 and M2.

For weights {3, 1, 2, 1}, the illustrated alignment is not a
maximum score alignment of the two example sequences. But for weights
{6, 6, 0, 6} it is; hence this alignment shows that for these two
example sequences, and weights {6, 6, 0, 6}, M2 2 3, M3 2 9, M4 2 6 and
M5 2 6. In order to determine the exact values of Ml to M5, all the
necessary alignments need to be considered. M1l and M2 can be found by
looking at the s+t-1 alignments free of internal indels, where s and t
are the lengths of the two sequences considered. Mathematical tools

known as dynamic programming can be implemented on a computer and used

to determine M3 to M5 in a very quick way. Using a computer program to

do these calculations, it was determined that:

¢ with the weights {6, 6, 0, 6}, M1 = 8, M2 = 4, M3 = 10, M4 = 6 and
M5 = 6;
¢ with the weights {3, 1, 2, 1}, M1 = 8, M2 = 4, M3 = 10, M4 = 6 and

M5 = 4.

According to the preferred embodiment of this invention, two sequences S

and T each of length 24 are too similar if at least one of the following

happens:

e M1 > 16 or

e M2 > 13 or

e M3 > 20 or

e M4 > 16 or

s M5 > 19
when using either weights {6, 6, 0, 6}, or {6, 6, 5, 1}, or {6, 2, S,
1}, or {6, 6, 6, 0}. In other words, the five similarity measures

between S and T are determined for each of the above four sets of

weights, and checked against these thresholds (for a total of 20 tests).

The above thresholds of 16, 13, 20, 16 and 19, and the above sets

of weights, were used to obtain the sequences listed in Table I.
Additional sequences can thus be added to those of Table I as long as

the above alignment rules are obeyed for all sequences.
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It is also possible to alter thresholds M1, M2, etc., while
remaining within the scope of this invention. It is thus possible to
substitute or add sequences to those of Table I, or more generally to
those of Table IA to obtain other sets of sequences that would also
exhibit reasonably low cross-hybridization. More specifically, a set of
24mer sequences in which there are no two sequences that are too
similar, where too similar is defined as:

e Ml > 18 or

e M2 > 17 O

e M3 > 21 or

e M4 > 18 orx

e M5 > 20
when using either weights {6, 6, 0, 6}, or {6, 6, 5, 1}, or {6, 2, 5,
1}, or {6, 6, 6, 0}, would also exhibit low cross-hybridization.
Reducing any of the threshold values provides sets of sequences with
even lower cross-hybridization. Alternatively, ‘'too similar’ can also be
defined as:

e M1l > 19 or

e M2 > 17 oOr

e M3 > 21 or

e M4 > 18 or

e M5 > 20
when using either weights {3, 1, 2, 1}. Alternatively, other
combinations of weights will lead to sets of sequences with low cross-
hybridization.

Notice that using weights {6, 6, O, 6} is equivalent to using
weights {1, 1, 0, 1}, or weights {2, 2, 0, 2}, .. (that is, for any two
sequences, the values of M1l to M5 are exactly the same whether weights
{6, 6, 0, 6} or {1, 1, 0, 1} or {2, 2, 0, 2} or any other multiple of
{1, 1, 0, 1} is used).

When dealing with sequences of length other than 24, or sequences
of various lengths, the definition of similarity can be adjusted. Such
adjustments are obvious to the persons skilled in the art. For example,
when comparing a sequence of length L1 with a sequence of length L2
(with L1<L2), they can be considered as too similar when
M1 > 19/24 x L1
M2 > 17/24 x L1
M3 > 21/24 x L1
M4 > 18/24 x L1
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M5 > 20/24 x L1
when using either weights {6, 6, 0, 6}, or {6, 6, 5, 1}, or {6, 2, 5, 1}
or {6, 6, 6, 0}.

Polynucleotide sequences can be composed of a subset of natural bases
most preferably A, T and G. Sequences that are deficient in one base possess
useful characteristics, for example, in reducing potential secondary structure
formation or reduced potential for cross hybridization with nucleic acids in
nature. Also, it is preferable to have tag sequences that behave
isothermally. This can be achieved for example by maintaining a constant base
composition for all sequences such as six Gs and eighteen As or Ts for each
sequence. Additional sets of sequences can be designed by extrapolating on
the original family of non-cross-hybridizing sequences by simple methods known
to those skilled in the art.

In order to validate the sequence set, a subset of sequences from
the family of 1168 sequence tags was selected and characterized, in
terms of the ability of these sequences to form specific duplex
structures with their complementary sequences, and the potential for
cross-hybridization within the sequence set. See Example 1, below. The
subset of 100 sequences was randomly selected, and analyzed using the
Luminex’®® LabMAP™ platform. The 100 sequences were chemically
immobilized onto the set of 100 different Luminex microsphere
populations, such that each specific sequence was coupled to one
spectrally distinct microsphere population. The pool of 100
microsphere-immobilized probes was then hybridized with each of the 100
corresponding complementary sequences. Each sequence was examined
individually for its specific hybridization with its complementary
sequence, as well as for its non-specific hybridization with the other
99 sequences present in the reaction. This analysis demonstrated the
propensity of each sequence to hybridize only to its complement (perfect
match), and not to cross-hybridize appreciably with any of the other
oligonucleotides present in the hybridization reaction.

It is within the capability of a person skilled in the art, given the
family of sequences of Table I, to modify the sequences, or add other
sequences while largely retaining the property of minimal cross-hybridization
which the polynucleotides of Table I have been demonstrated to have.

There are 1168 polynucleotide sequences given in Table I. Since all
1168 of this family of polynucleotides can work with each other as a minimally
cross-hybridizing set, then any plurality of polynucleotides that is a subset
of the 1168 can also act as a minimally cross-hybridizing set of

polynucleotides. An application in which, for example, 30 molecules are to be
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sorted using a family of polynucleotide tags and tag complements could thus
use any group of 30 sequences shown in Table I. This is not to say that some
subsets may be found in a practical sense to be more preferred than others.
For example, it may be found that a particular subset is more tolerant of a
wider variety of conditions under which hybridization is conducted before the
degree of cross-hybridization becomes unacceptable.

It may be desirable to use polynucleotides that are shorter in length
than the 24 bases of those in Table I. A family of subsequences (i.e.,
subframes of the sequences illustrated) based on those contained in Table I
having as few as 10 bases per sequence could be chosen, so long as the
subsequences are chosen to retain homological properties between any two of
the sequences of the family important to their non cross-hybridization.

The selection of sequences using this approach would be amenable to a
computerized process. Thus for example, a string of 10 contiguous bases of
the first 24mer of Table I could be selected: AAATTGTGAAAGATTGTTTGTGTA (SEQ ID
NO:1) .

The same string of contiguous bases from the second 24mer could then be
selected and compared for similarity against the first chosen sequence:
GTTAGAGTTAATTGTATTTGATGA (SEQ ID NO:2). A systematic pairwise comparison
could then be carried out to determine if the similarity requirements are
violated. If the pair of sequences does not violate any set property, a 10mer
subsequence can be selected from the third 24mer sequence of Table I, and
compared to each of the first two 10mer sequences (in a pairwise fashion to
determine its compatibility therewith, etc. In this way a family of 1O0mer
sequences may be developed.

It is within the scope of this invention, to obtain families of
sequences containing llmer, 1l2mer, 13mer, l4mer, 1l5mer, 1lémer, l7mer, 18mer,
19mer, 20mer, 2lmer, 22mer and 23mer sequences by analogy to that shown for
l0mer sequences.

It may be desirable to have a family of sequences in which there are
sequences greater in length than the 24mer sequences shown in Table I. It is
within the capability of a person skilled in the art, given the family of
sequences shown in Table I, to obtain such a family of sequences. One
possible approach would be to insert into each sequence at one or more
locations a nucleotide, non-natural base or analogue such that the longer
sequence should not have greater similarity than any two of the original non-
cross-hybridizing sequences of Table I and the addition of extra bases to the
tag sequences should not result in a major change in the thermodynamic
properties of the tag sequences of that set for example the GC content must be

maintained between 10%-40% with a variance from the average of 20%. This
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method of inserting bases could be used to obtain, for example, a family of
sequences up to 40 bases long.

Given a particular family of sequences that can be used as a family of
tags (or tag complements), e.g., those of Table I, a skilled person will
readily recognize variant families that work equally as well.

Again taking the sequences of Table I for ekample, every T could be
converted to an A and vice versa and no significant change in the cross-
hybridization properties would be expected to be observed. This would also be
true if every G were converted to a C.

Also, all of the sequences of a family could be‘taken to be constructed
in the 5'-3' direction, as is the convention, or all of the constructions of
sequences could be in the opposition direction (37-5').

There are additional modifications that can be carried out. For
example, C has not been used in the family of sequences. Substitution of C in
place of one or more G's of a particular sequence would yield a sequence that
is at least as low in homology with every other sequence of the family as was
the particular sequence chosen for modification. It is thus possible to
substitute C in place of one or more G’'s in any of the sequences shown in
Table I. Analogously, substituting of C in place of one or more A's is
possible, or substituting C in place of one or T's is possible.

It is preferred that the sequences of a given family are of the same, or
roughly the same length. Preferably, all the sequences of a family of
sequences of this invention have a length that is within five bases of the
base-length of the average of the family. More preferably, all sequences are
within four bases of the average base-length. Even more preferably, all or
almost all sequences are within three bases of the average base-length of the
family. Better still, all or almost all sequences have a length that is
within two of the base-length of the average of the family, and even better
still, within one of the base-length of the average of the family.

It is also possible for a person skilled in the art to derive sets of
sequences from the family of sequences described in this specification and
remove sequences that would be expected to have undesirable hybridization

properties.

Methods For Synthesis Of Oligonucleotide Families

Preferably oligonucleotide sequences of the invention are
synthesized directly by standard phosphoramidite synthesis approaches
and the like (Caruthers et al, Methods in Enzymology; 154, 287-313:
1937; Lipshutz et al, Nature Genet.; 21, 20-24: 1999; Fodor et al,

Science; 251, 763-773: 1991). Alternative chemistries involving non
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natural bases such as peptide nucleic acids or modified nucleosides that

offer advantages in duplex stability may also be used (Hacia et al;

Nucleic Acids Res ;27: 4034-4039, 1999; Nguyen et al, Nucleic Acids

Res.;27, 1492-1498: 1999; Weiler et al, Nucleic Acids Res.; 25, 2792-

2799:1997) . It is also possible to synthesize the oligonucleotide

sequences of this invention with alternate nucleotide backbones such as
phosphorothicate or phosphoroamidate nucleotides. Methods involving \
synthesis through fhe addition of blocks of sequence in a stepwise
manner may also be employed (Lyttle et al, Biotechniques, 19: 274-280
(1995) . Synthesis may be carried out directly on the substrate to be
used as a solid phase support for the application or the oligonucleotide
can be cleaved from the support for use in solution or coupling to a

second support.

Solid Phase Supports

There are several different solid phase supports that can be used with
the invention. They include but are not limited to slides, plates, chips,
membranes, beads, microparticles and the like. The solid phase supports can
also vary in the materials that they are composed of including plastic, glass, !
silicon, nylon, polystyrene, silica gel, latex and the like. The surface of
the support is coated with the complementary tag sequences by any conventional
means of attachment.

In preferred embodiments, the family of tag complement sequences is
derivatized to allow binding to a solid support. Many methods of derivatizing
a nucleic acid for binding to a solid support are known in the art (Hermanson
G., Bioconjugate Techniques; Acad. Press: 1996). The sequence tag may be
bound to a solid support through covalent or non-covalent bonds (Iannone et
al, Cvtometry; 39: 131-140, 2000; Matson et al, Anal. Biochem.; 224: 110-106,
1995; Proudnikov et al, Anal Biochem; 259: 34-41, 1998; Zammatteo et al,
Analytical Biochemistry; 280:143-150, 2000). The sequence tag can be
conveniently derivatized for binding to a solid support by incorporating
modified nucleic acids in the terminal 5’ or 3’ locations.

A variety of moieties useful for binding to a solid support (e.g.,
biotin, antibodies, and the like), and methods for attaching them to nucleic
acids, are known in the art. For example, an amine-modified nucleic acid base
(available from, eg., Glen Research) may be attached to a solid support (for
example, Covalink-NH, a polystyrene surface grafted with secondary amino
groups, available from Nunc) through a bifunctional crosslinker (e.g.,

bis(sulfosuccinimidyl suberate), available from Pierce). Additional spacing
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moieties can be added to reduce steric hindrance between the capture moiety

and the surface of the solid support.

Attaching Tags to Analytes for Sorting

A family of oligonucleotide tag sequences can be conjugated to a
population of analytes most preferably polynuclecotide sequences in several
different ways including but not limited to direct chemical synthesis,
chemical coupling, ligation, amplification, and the like. Sequence tags that
have been synthesized with primer sequences can be used for enzymatic

extension of the primer on the target for example in PCR amplification.

Detection of Single Nucleotide Polymorphisms Using Primer Extension

There are a number of areas of genetic analysis where families of non-
cross-hybridizing sequences can be applied including disease diagnosis, single
nucleotide polymorphism analysis, genotyping, expression analysis and the
like. One such approach for genetic analysis, referred to as the primer
extension method (also known as Genetic Bit Analysis (Nikiforov et al, Nucleic
Acids Res.; 22, 4167-4175: 1994; Head et al Nucleic Acids Res.; 25, 5065-5071:
1997)), is an extremely accurate method for identification of the nucleotide
located at a specific polymorphic site within genomic DNA. In standard primer
extension reactions, a portion of genomic DNA containing a defined polymorphic
site is amplified by PCR using primers that flank the polymorphic site. 1In
order to identify which nucleotide is present at the polymorphic site, a third
primer is synthesized such that the polymorphic position is located
immediately 3’ to the primer. A primer extension reaction 1s set up
containing the amplified DNA, the primer for extension, up to 4
dideoxynucleoside triphosphates (each labeled with a different fluorescent
dye) and a DNA polymerase such as the Klenow subunit of DNA Polymerase 1.
The use of dideoxy nucleotides ensures that a single base is added to the 3
end of the primer, a site corresponding to the polymorphic site. In this way
the identity of the nucleotide present at a specific polymorphic site can be
determined by the identity of the fluorescent dye-labeled nucleotide that is
incorporated in each reaction. One major drawback to this approach is its low
throughput. Each primer extension reaction is carried out independently in a
separate tube.
Universal sequences can be used to enhance the throughput of primer
extension assay as follows. A region of genomic DNA containing multiple
polymorphic sites is amplified by PCR. Alternatively, several genomic
regions containing one or more polymorphic sites each are amplified

together in a multiplexed PCR reaction. The primer extension reaction
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is carried out as described above except that the primers used are
chimeric, each containing a unique universal tag at the 5’ end and the
sequence for extension at the 3’ end. 1In this way, each gene-specific
sequence would be associated with a specific universal sequence. The
chimeric primers would be hybridized to the amplified DNA and primer
extension is carried out as described above. This would result in a
mixed pool of extended primers, each with a specific fluorescent dye
characteristic of the incorporated nucleotide. Following the primer
extension reaction, the mixed extension reactions are hybridized to an
array containing probes that are reverse complements of the universal
sequences on the primers. This would segregate the products of a number
of primer extension reactions into discrete spots. The fluorescent dye
present at each spot would then identify the nucleotide incorporated at
each specific location. A number of additional methods for the
detection of single nucleotide polymorphisms, including but not limited
to, allele specific polymerase chain reaction (ASPCR), allele specific
primer extension (ASPE) and oligonucleotide ligation assay (OLA) can be
performed by someone skilled in the art in combination with the tag

sequences described herein.

Kits Using Families Of Tag Sequences

The families of non cross-hybridizing sequences may be provided in kits
for use in for example genetic analysis. Such kits include at least one set of
non-cross-hybridizing sequences in solution or on a solid support. Preferably
the sequences are attached to microparticles and are provided with buffers and
reagents that are appropriate for the application. Reagents may include
enzymes, nucleotides, fluorescent labels and the like that would be required
for specific applications. Instructions for correct use of the kit for a given

application will be provided.

EXAMPLES
EXAMPLE 1 - Cross Talk Behavior of Sequence on Beads

A group of 100 sequences, randomly selected from Table I, was tested for
feasibility for use as a family of minimally cross-hybridizing
oligonucleotides. The 100 sequences selected are separately indicated in
Table I along with the numbers assigned to the sequences in the tests.

The tests were conducted using the Luminex LabMAP™ platform available
from Luminex Corporation, Austin, Texas, U.S.a. The one hundred sequences,
used as probes, were synthesized as oligonucleotides by Integrated DNA

Technologies (IDT, Coralville, Iowa, U.S.A.). Each probe included a Cq
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aminolink group coupled to the 5’'-end of the oligonucleotide through a C;,
ethylene glycol spacer. The C¢ aminolink molecule is a six carbon spacer
containing an amine group that can be used for attaching the oligonucleotide
to a solid support. One hundred oligonucleotide targets (probe complements),
the sequence of each being the reverse complement of the 100 probe sequences,
were also synthesized by IDT. Each target was labelled at its 5’'-end with
biotin. All oligonucleotides were purified using standard desalting
procedures, and were reconstituted to a concentration of approximately 200 uM
in sterile, distilled water for use. Oligonucleotide concentrations were
determined spectrophotometrically using extinction coefficients provided by
the supplier.

Each probe was coupled by its amino linking group to a
carboxylated fluorescent microsphere of the LapMAP system according to
the Luminex’®® protocol. The microsphere, or bead, for each probe
sequence has unique, or spectrally distinct, light absorption
characteristics which permits each probe to be distinguished from the
other probes. Stock bead pellets were dispersed by sonication and then
vortexing. For each bead population, five million microspheres (400 pL)
were removed from the stock tube using barrier tips and added to a 1.5
mL Eppendorf tube (USA Scientific). The microspheres were then
centrifuged, the supernatant was removed, and beads were resuspended in
25 pL of 0.2 M MES (2-(N-morpholino)ethane sulfonic acid) (Sigma), pH
4.5, followed by vortexing and sonication. One nmol of each probe (in a

25 ML volume) was added to its corresponding bead population. A volume

of 2.5 puL of EDC cross-linker (l-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (Pierce), prepared immediately before use by
adding 1.0 mL of sterile ddH,0 to 10 mg of EDC powder, was added to each
microsphere population. Bead mixes were then incubated for 30 minutes
at room temperature in the dark with periodic vortexing. A second 2.5
uL aliguot of freshly prepared EDC solution was then added followed by
an additional 30 minute incubation in the dark. Following the second
EDC incubation, 1.0 mL of 0.02% Tween-20 (BioShop) was added to each
bead mix and vortexed. The microspheres were centrifuged, the
supernatant was removed, and the beads were resuspended in 1.0 mL of
0.1% sodium dodecyl sulfate (Sigma). The beads were centrifuged again
and the supernatant removed. The coupled beads were resuspended in 100
ML of 0.1 M MES pH 4.5. Bead concentrations were then determined by

diluting each preparation 100-fold in ddH,0 and enumerating using a
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Neubauer BrightLine Hemacytometer. Coupled beads were stored as
individual populations at 8°’c protected from light.

The relative oligonucleotide probe density on each bead population
was assessed by Terminal Deoxynucleotidyl Transferase (TdT) end-
labelling with biotin-ddUTPs. TdT was used to label the 3’-ends of
single-stranded DNA with a labeled ddNTP. Briefly, 180 pL of the pool
of 100 bead populations (equivalent to about 4000 of each bead type) to
be used for hybridizations was pipetted into an Eppendorf tube and
centrifuged. The supernatant was removed, and the beads were washed in
1x TAT buffer. The beaas were then incubated with a labelling reaction
mixture, which consisted of 5x TdAT buffer, 25mM CoCl,, and 1000 pmol of
biotin-16-ddUTP (all reagents were purchased from Roche). The total
reaction volume was brought up to 85.5 pL with sterile, distilled H,0,
and the samples were incubated in the dark for 1 hour at 37°C. A second
aliquot of enzyme was added, followed by a second 1 hour incubation.
Samples were run in duplicate, as was the negative control, which
contained all components except the TdT. 1In order to remove

unincorporated biotin-ddUTP, the beads were washed 3 times with 200 pL

of hybridization buffer, and the beads were resuspended in 50 pL of
hybridization buffer following the final wash. The biotin label was
detected spectrophotometrically using SA-PE (streptavidin-phycoerythrin
conjugate). The streptavidin binds to biotin and the phycoerythrin is
spectrally distinct from the probe beads. The 10mg/mL stock of SA-PE
was diluted 100-fold in hybridization buffer, and 15 pL of the diluted
SA-PE was added directly to each reaction and incubated for 15 minutes
at 37°Celsius. The reactions were analyzed on the Luminex’?® LabMAP.
Acquisition parameters were set to measure 100 events per bead using a
sample volume of 50 uL.

The results obtained are shown in Figure 2. As can be seen the
Mean Fluorescent Intensity (MFI) of the beads varies from 840.3 to
3834.9, a range of 4.56-fold. Assuming that the labelling reactions are
complete for all of the oligonucleotides, this illustrates the signal
intensity that would be obtained for each type of bead at this
concentration if the target (i.e., labelled complement) was bound to the
probe sequence to the full extent possible.

The cross-hybridization of targets to probes was evaluated as
follows. 100 oligonucleotide probes linked to 100 different bead
populations, as described above, were combined to generate a master bead

mix, enabling multiplexed reactions to be carried out. The pool of
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microsphere-immobilized probes was then hybridized individually with
each biotinylated target. Thus, each target was examined individually
for its specific hybridization with its complementary bead-immobilized
sequence, as well as for its non-specific hybridization with the other
99 bead-immobilized universal sequences present in the reaction. For
each hybridization reaction, 25 uL bead mix (containing about 2500 of
each bead population in hybridization buffer) was added to each well of
a 96-well Thermowell PCR plate and equilibrated at 37°C. Each target
was diluted to a final concentration of 0.002 fmol/puL in hybridization
pbuffer, and 25 pL (50 fmol) was added to each well, giving a final

reaction volume of 50 pL. Hybridization buffer consisted of 0.2 M NaCl,
0.1 M Tris, ©0.08% Triton X-100, pH 8.0 and hybridizations were performed
at 37°C for 30 minutes. Each target was analyzed in triplicate and six
background samples (i.e. no target) were included in each plate. A SA-
PE conjugate was used as a reporter, as described above. The 10 mg/mL
stock of SA-PE was diluted 100-fold in hybridization buffer, and 15 uL
of the diluted SA-PE was added directly to each reaction, without
removal of unbound target, and incubated for 15 minutes at 37°C.

Finally, an additional 35 uL of hybridization buffer was added to each

well, resulting in a final volume of 100 uL per well prior to analysis
on the Luminex’®® LabMAP. Acquisition parameters were set to measure 100
events per bead using a sample volume of 80 pL.

The percent hybridization was calculated for any event in which
the NET MFI was at least 3 times the zero target background. In other
words, a calculation was made for any sample where (MFIgample MFIzerc rarget
packground) /MF Lzero target background > 3.

The net median fluorescent intensity (MFInmme-MFInrotametb“mand
generated for all of the 10,000 possible target/probe combinations was
calculated. As there are 100 probes and 100 targets, there are 100 x 100
= 10,0000 possible different interactions possible of which 100 are the
result of perfect hybridizations. The remaining 9900 result from
hybridization of a target with a mismatched probe. A cross-
hybridization event is then defined as a non-specific event whose net
median fluorescent intensity exceeds 3 times the zero target background.
In other words, a cross-talk calculation is only be made for any sample
where (MFIsumu'MFIzuo:amecbukgmmd)/MFIzuo:a@ecbukwomm > 3. Cross-
hybridizaticn events were quantified by expressing the value of the
cross-hybridization signal as a percentage of the perfect match

hybridization signal with the same probe.
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The results obtained are illustrated in Figure 3. The ability of
each target to be specifically recognized by its matching probe is
shown. Of the possible 9900 non-specific hybridization events that
could have occurred when the 100 targets were each exposed to the pool
of 100 probes, 6 events were observed. Of these 6 events, the highest
non-specific event generated a signal equivalent to 5.3% of the signal
observed for the perfectly matched pair (i.e. specific hybridization
event) .

Each of the 100 targets was thus examined individually for
specific hybridization with its complement sequence as incorporated onto
a microsphere, as well as for non-specific hybridization with the
complements of the other 99 target sequences. Representative
hybridization results for target (complement of probe 90, Table I) are
shown in Figure 4. Probe 90 was found to hybridize only to its
perfectly-matched target. No cross-hybridization with any of the other
99 targets was observed.

The foregoing results demonstrate the possibility of incorporating
the 1168 sequences of Table I, or any subset thereof, into a multiplexed
system with the expectation that most if not all sequences can be
distinguished from the others by hybridization. That is, it is possible
to distinguish each target from the other targets by hybridization of
the target with its precise complement and minimal hybridization with

complements of the other targets.

EXAMPLE 2 - Tag sequences used in sorting polynucleotides

The family of non cross hybridizing sequence tags or a subset thereof

can be attached to oligonucleotide probe sequences during synthesis and used

to generate amplified probe sequences. In order to test the feasibility of

PCR amplification with non cross hybridizing sequence tags and subsequently

addressing each respective sequence to its appropriate location on two-

dimensional or bead arrays, the following experiment was devised. A 24mer tag

sequence can be connected in a 5'-3' specific manner to a p53 exon specific

sequence (20mer reverse primer). The connecting p53 sequence represents the

inverse complement of the nucleotide gene sequence. To facilitate the

subsequent generation of single stranded DNA post-amplification the tag-

Reverse primer can be synthesized with a phosphate modification (PO,) on the

S'-end. A second PCR primer can also be generated for each desired exon,

represented by the Forward (5'-3') amplification primer. 1In this instance the

Forward primer can be labeled with a 5'-biotin modification to allow detection

with Cy3-avidin or equivalent.
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A practical example of the aforementioned description is as follows:
For exon 1 of the human pS3 tumor suppressor gene sequence the following tag-

Reverse primer (SEQ ID NO:1171) can be generated:

222087 222063
5’ ~PO4-ATGTTAAAGTAAGTGTTGAAATGT -TCCAGGGAAGCGTGTCACCGTCGT-3'

Tag Sequence # 3 Exon 1 Reverse

The numbering above the Exon-1 reverse primer represents the genomic
nucleotide positions of the indicated bases.
The corresponding Exon-1 Forward primer sequence (SEQ ID NO:1172) is as

follows:

221873 221896
5’ -Biotin-TCATGGCGACTGTCCAGCTTTGTG-3’

In combination these primers will amplify a product of 214 bp plus a 24
bp tag extension yielding a total size of 238 bp.

Once amplified, the PCR product can be purified using a QIAgquick PCR
purification kit and the resulting DNA can be quantified. To generate
single stranded DNA, the DNA is subjected to A-exonuclease digestion
thereby resulting in the exposure of a single stranded sequence (anti-
tag) complementary to the tag-sequence covalently attached to the solid
phase array. The resulting product is heated to 95°C for 5 minutes and
then directly applied to the array at a concentration of 10-50 nM.
Following hybridization and concurrent sorting, the tag-Exon 1 sequences
are visualized using Cy3-streptavidin. In addition to direct
visualization of the biotinylated product, the product itself can now
act as a substrate for further analysis of the amplified region, such as

SNP detection and haplotype determination.

DEFINITIONS

Non-cross-hybridization: Describes the absence of hybridization between

two sequences that are not perfect complements of each other.

Cross-hybridization: The hydrogen bonding of a single-stranded DNA
sequence that is partially but not entirely complementary to a single-

stranded substrate.
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Homology or Similarity: How closely related two or more separate strands

of DNA are to each other, based on their base sequences.

Analogue: The symbols A, G, T/U, C take on their usual meaning in the
art here. 1In the case of T and U, a person skilled in the art would
understand that these are equivalent to each other with respect to the
inter-strand hydrogen-bond (Watson-Crick) binding properties at work in
the context of this invention. The two bases are thus interchangeable
and hence the designation of T/U. A chemical, which resembles a
nucleotide base is an analogue thereof. A base that does not normally
appear in DNA but can substitute for the ones, which do, despite minor
differences in structure. Analogues particularly useful in this
invention are of the naturally occurring bases can be inserted in their
respective places where desired. Such an analogue is any non-natural
base, such as peptide nucleic acids and the like that undergoes normal
Watson-Crick pairing in the same way as the naturally occurring

nucleotide base to which it corresponds.

Complement: The opposite or "mirror" image of a DNA sequence. A
complementary DNA sequence has an "A" for every "T" and a "C" for every
"G". Two complementary strands of single stranded DNA, for example a tag
sequence and its complement, will join to form a double-stranded

molecule.

Complementary DNA (cDNA): DNA that is synthesized from a messenger RNA

template; the single- stranded form is often used as a probe in physical

mapping.

Oligonucleotide: Refers to a short nucleotide polymer whereby the

nucleotides may be natural nucleotide bases or analogues thereof.

Tag: Refers to an oligonucleotide that can be used for specifically sorting
analytes with at least one other oligonucleotide that when used together do

not cross hybridize.

Table I

Sequence SEQ ID NO: No. in

Ex 1
AAATTGTGAAAGATTGTTTGTGTA 1 1
GTTAGAGT TAATTGTATTTGATGA 2 -
ATGTTAAAGTAAGTGTTGAAATGT 3 -
TGATGTTAGAAGTATATTGTGARAT 4 -
TTTGTGTAGAATATGTGTTGTTAA-RA S -
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24
25

GAATTGTATAAAGTATTAGATGTG

TAGATGAGATTAAGTGTTATTTGA

26
27

GTTAAGTTTGTTTATGTATAGAAG
GAGTATTAGTAAAGTGATATGATA

28

GTGAATGATTTAGTARRATGATTGA
GATTGAAGTTATAGAAATGATTAG
AGTGATAAATGTTAGTTGAATTGT

29

30
31
32

TATATAGTAAATGTTTGTGTGTTG

TTAAGTGTTAGTTATTTGTTGTAG
GTAGTAATATGAAGTGAGAATATA
TAGTGTATAGAATGTAGATTTAGT

33

34

35

TTGTAGATTAGATGTGTTTGTAAA
TAGTATAGAGTAGAGATGATATTT
ATTGTGAAAGAAAGAGAAGAAATT
TGTGAGAATTAAGATTAAGAATGT
ATATTAGTTAAGAAAGAAGAGTTG
TTGTAGTTGAGAAATATGTAGTTT

36
37
38

39
40

41

TAGAGTTGTTAAAGAGTGTAAATA
GTTATGATGTGTATAAGTAATATG
TTTGTTAGAATGAGAAGATTTATG
AGTATAGTTTAAAGAAGTAGTAGHA
GTGAGATATAGATTTAGARAAGTARA
TTGTTTATAGTGAAGTGAATAGTA
AAGTAAGTAGTAATAGTGTGTTAA

42
43

10

44

45

46
47
48

ATTTGTGAGTTATGAAAGATAAGA

49

GAAAGTAGAGAATAAAGATAAGARA
ATTTAAGATTGTTAAGAGTAGARAG
GTTTAAAGATTGTAAGAATGTGTA
TTTGTGAAGATGAAGTATTTGTAT
TGTGTTTAGAATTTAGTATGTGTA

50

S1

52

53

54

GATAATGATTATAGAAAGTGTTTG

55
56
57

GTTATTTGTAAGTTAAGATAGTAG
AGCGTTTATTGAAAGAGTTTGAATAG

TTGTGTTTATTGTGTAGTTTAARAG
ATTGTGAGAAGATATGARAGTTAT
TGAGAATGTAAAGAATGTTTATTSG

58
59

13

60

ATGTGAAMAGTTATGATGTT TAATTG
GTTTAGTATTAGTTGTTAAGATTG G
GATTGATATTTGARAATGTTTGTTTG

61

14

62
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80

TTTATGTAATGATAAGTGTAGTTG

81
82
83

ATATAGTTGAARAATTGTGATAGTGT
ATAAGARATTAGAGAGTTGTAARAG
GAATTGTGAAATGTGATTGATATA

84

AAATAAGTAGTTTAATGAGAGARAG

85

GATTAAAGAAGTAAGTGAATGTTT

86
87

TATGTGTGTTGTTTAGTGTTATTA
GAGTTATATGTAGTTAGAGTTATA
GAAAGAAAGAAGTGTTAAGTTARAARA

88

89
90

TAGTATTAGTAAGTATGTGATTGT

TTGTGTGATTGAATATTGTGARAT
ATGTGAAAGAGTT TAAGTGATTARA

91

92

GATTGAATGATTGAGATATGTAAR
AAGATGATAGTTAAGTGTAAGTTA
TAGTTGTTATTGAGAATTTAGAAG
TTTATAGTGAATTATGAGTGAARAAG
GATAGATTTAGAATGAARATTARAGTG
TTTGAAGAAGAGATTTGAAATTGA

17

93

94
95

18

96

97

98

ATGAATAAGAGTTGATAAATGTGA
TGTTTATGTAGTGTAGATTGAATT
TTTAAGTGAGTTATAGAAGTAGTA
GATTTATGTGTTTGAAGTTAAGAT
TAGTTAGAGAAAGTGATARAGTTA
GTAATGATAATGAAGTGTATATAG
AATGAAGTGTTAGTATAGATAGTA
TAAATTGAGTTTGTTTGATTGTAG
TAATGAAGAATAAGTATGAGTGTT

99

1%

100

101
102

103
104

105
106

107
108

AAATGTAATAGTGTTGTTAGTTAG

AGAGTTAGTGAAATGTTGTTAART
GAAATAGAAATGTATTGTTTGTGA
AGTTATAAGTTTGTGAGAATTARAG
GAGTTTATAGTTAGAATATGTTGT

109
110
111
112
113
114

AGAGTTATTAGAAGAAGATTTARAG
GAGTTAATGAAATAAGTATTTGTG

ATGATGARATAGTTGAAGTATATAG
ATAGATATGAGATGAAAGTTAGTA
TATGTAAAGAAAGTGAAAGAAGAA-A
TGAATGTAGAAATGAATGTTGAAR

115
116
117
118

AATTGAATAGTGTGTGAGTTTARAT
AGATATTGTTTGATTARTGAAGARG

119
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138

ATGAAATGAGAATATTGTTGTTTG

139

GATTAATGATTATGTGAATTGATG

140

GAAATGTTAAAGATATGAAAGTAG
TATTGTTGATTTGATATTAGTGTSG
TTTATGTTTGTGTATGTAAGTAGT
AATTGAARAGAATTGTGTGAATTGA

141

142

143

144

TGAGTTTGAATTTGTTTGAGTARAT
GATGTATAATGATGTGTGTAAATT
ATGTGAGAGAAGAATTTGTTTATT

145

146

147

GTGATAAARAGTATTGTTGATAGARARA
GAAGTAGAATAGAAAGTTARATAGA A

TTGTGTAGTTAAGAGTTGTTTAAT

148

24

149
150

TAGTAGTAAGTTGTTAGAATAGTT

151
152
153
154
155
156

AATTTGAAGTATAATGAATGTGTG

TAGAAATTGTAGTATTTGAGAGAA
TGTATATGTTAATGAGATGTTGTA
TATTTGATAAGAGAATGAAGAAGT
TTGAATAGTGTAATGAATATGATG
GTAGTTTGTGAATAGAAT TAGTTT
AAMAAGATGATTGTAATTTGTGTGAA

25
26

157

158
159
160
161
162
163
164

GAAGATTGTTGAGTTAATAGATAA-A
AGATTATGTAGTGATGTAAATGTT
GAATTTAGATGTAGATATGAATGT

GATAGAAGTGTATTARAGTARAGTTA
TATGAATTATGAGAAGAATAGAGT
TTTGTTATGAAGTGATTTGTTTGT

GTAAAGATTGTGTTATATGARARATG
TTGTGATAGTAGTTAGATATTTGT

28

165

166
167
168

GAATTAAGATAAAGAAGAGAAGTA
GATTGTAGAATGAATTTGTAGTAT

AAATAAGAGAGAGAATGATTTAGT

169
170
171
172
173
174
175
176

AATTATGTGAATAGATTGTTGAAG
TTAAGATTTATGTGATAGTAGAGT
TTAAAGATAGTGT TTGTTGTGTTA

TATTGATTTATGAAGAGTATAGTG
AAATTTGATGAGTAGT TTAAGAGA- A

ATAAAGTTGTTTGATGTTTGAATG
GATTGTGATGAATAATGTTATTGA

GATGAAGAARATATGATATGAATAG
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195
196
197
198

TATGTGAAAGTAATGATAAATGAG
GTAATTAGTAATGATTTGAATGAG
GTTTATTGTAAAGATGTAAGTGAR-RA
TAGTAGAATTGTTGTTAAAGAATG
TATTGTTAGTTATGTAGTGTGTAA
GAGTGAAAGTTATATGAAAGTATA
ATATAGAAGTTGATGAGTTTATGA
TTTAGAAGTAAGAATAAGTGAGTA
TGTGTATAARAGATATTTGTAAGARAG
TAGAAGAGTTGTATTGTTATAAGT
GTGTTATTAGTTTAAGTTAGAGTA
AATATAGTGATGTGAAATTGAATG
TTAGAGAATAGAGTGATTATAGTT

199
200
201
202
203
204
205

206
207
208

GAAGTGAGTTAATGATTTGTAAAT
AATGTAAAGTAAAGAAAGTGATGA
GTTAGTTATGATGAATATTGTGTA
AAATGAGTTAGAGTAGAATTATGT

G A

209
210
211
212

34

ATAGAAGATTAGTTAGTGATA

-~
fi

213
214

ATAGTTTGTTGAGATTTATGAGTA
TAGAATAGTTAGTAGTAAGAGTAT
GAATTTGTATTGTGAAGTTTAGTA
GTAGTAAGAAGAGAATTAGATTAA-A
AATGTGTTATGTATGTAARATAGTG
GAATTAGTTAGAGTAAATTGTTTG
GAAATTGAAGATAGTARAGAAATGA
GTGTATTATGTGATTTATGATAGA
TATTATGAGAAAGTTGAATAGTAG
TATGTATTGTATTGAGTAGATGAA-A
GTGATTGAATAGTAGATTGTTTAA
AGTAAGTTGTTTGATTGABAATTTG
GAAGTTTGATTTAAGTTTAAGAARAG
GAGARAGATARATGATATTGTTATG
ATGATGAGTTGTTAATAGTTAGTT

215
216
217
218

219
220
221
222

36

223
224

225

226
227
228

TATGATATTTGAAGAGTGTTAAGA A
GAGATGATTAAAGTGATTTATGAR

229
230
231
232
233

ATAGTTAAGAGTGATGAGAATARAR
TTTATTGTTAGATAARGAGTTGAG
AGAATATTGATAGTTGAAGTTGAR

TAGTGTAAAGTGTAGATTGTAARAT
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240
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GAATAATGATGAGATGATTATTGA
TAGAGAAAGAGAGAATTGTATTARA
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ATGTATAATGAGATATGTTTGTGA
AATAGATAAGATTGARTTGTGTTTG
TTTGATGATAATAGAAGAGAATGA
AGATGAATAAGTTGTGAATGTTTA
AGATGAAAGAAAGTGTAGAATATT
TGTTAAATGTATGTAGTAATTGAG
TAGTAGTGTGAAGTTATTTGTTAT
AGTGAATGTTTGTAARAGAGTTTAA
GATAARTGAGAATTGAGTAATTGT
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251
252
253
254

TGATGAGAAATTGTTTAAGTGTTT

AAATAAGTAGTGTGAGTAATAGTA

TATGAAATATGTGATAGTAAGAGA
ATTGTAAGAGTGATTATAGATGAT

255

AGAGTAAGAARTGAAAGAGATAATA
TAAGTAAGTAGATGTTAAAGAGAT

256
257
258

AAATAGAAAGAATTGTAGAGTAGT

42
43

ATAGATTTAAGTGAAGAGAGTTAT

259
260

GAATGTTTGTAARAATGTATAGATAG
AAATAGAATGAGTAGTGARATATSG
TTGAATTATGTAGAGAARAGTAARAG

261
262
263
264

TAGTAAATTGAGAGTAGTTGAATT

TGTAARAGTGTTTATAGTGTGTAAT
ATATGATTTGAGATGAGAATGTAR
AATATTGATATGTGTTGTGAAGTA
AGTGAGATTATGAGTATTGATTTA
TTGTATTTAGATAGTGAGATTATG
ATAGAAATGAAMALGATAGATAGARAG

265
266

44

267
268

GATTGTATATGTAAAGTAGTTTAG
TATGAATGTTATTGTGTGTTGATT

269
270

45

271
272
273
274

GATATTAGTAGAGTAAGTATATTG

TGAGATGAATTTGTGTTATGATAT
TATGAATGAAGTAAAGAGATGTARA
GAGTGAATTTGTTGTAATTTGTTT
AGAAATTGTAGAGTTAATTGTGTA

275
276
277

GTGTTAATGAAAGTTGTGAATAAT

TGTGATTTGTTAAGAAGATTAATG
AGTAGTATTGTAAAGTATAAAGAG
TGATTGTTGTATAGTTATTGTGTA
GATTGTAGTTTAATGTTAAGAATG
ATGAAATAAGAAATTGAGTAGAGA

278
279
280
281
282
283
284

TATGATGATATTTGTTGTATGTGT

TTTAGAGTTTGATTAGTATGTTTG
AATAAGAGATTGTGATGAGAARTA
AATGAATAGAARATAGAGAARTGTAGA
GTAGTAGTAATTTGAATGTTTOGARA

285
286
287
288
289
290

AGTGAGTAATTGATTGATTGTTARA
GAATAATGTTTAGTGTGTTTGARARA

ATATGAAAGTAGAGAAAGTGTTAT

TGAGTTATTGTATTTAGTTTGAAG
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48

309
310
311
312
313
314
315

GTAAGATTAGAAGTTAATGAAGAA-A
GAGAATGTTGAATAAGAAGTAATT

TTAAGAGTGTTTGAATAGTGTTTA
ATAAMAMGAAAGAGTATGAGATTATG

AGTTATTGATTGAAGATGAGAAAT
GTTTGTGTTTGTATAAGTTGTTAA
TTGTATGTGAGTTTAGATTAATGA

50

316
317
318

TAGTTAAAGTATAGTTGTTTGAGT

AAATTTGTGTTGAGATTTGTATAG
TATTAGTGTTATGATAAAGAGA AAG
TATAARAGAAGTAATTTGAGAAGAGT

319
320

TAAGTTGAGATGT TTGTTTGATARA

321
322
323
324

GTGTAGATTTATGARATTGAGTAAT
TATAGAGAAGTGTTTAGTTGTA ATA

ATAAAMAGAAGAATAGTTGTTGTGTA

AGATTGAAATAGATTAGAARAGTTG

325
326
327

GTTGTTATAAGAAATAGTTTGTTG

AGAAATAGAGTAAGAGTGTTTA AAA

AGAGATAGTAGTAAATAGTTATTG
AAATGATTGTGTAAGTTATGTATG

328

328
330
331
332
333
334

AAGAAGTAAGAGAGAAATTTGAAT

GTGTGTATTTAGT TGATAATTGAT
ATTGTTGTTGTTGAGAAATGTATT
AGATAAGTTAAAGTAAAGAGAATG
TAGTTGAAGTTAGTTTAAGTGTTA
AGTAAGAATGTAATATGATGATAG

335
336
337
338

ATGAGATTGAAAGAT TTATGARATG

TGATTGAATTAGAGAGAATGTATA
AGTTAGTAAGAGAATATAGTGAAT

ATTAAGATTGTATAGTTAGTGATG
GAGATAAAGAATT TGAARARTAGARAGA
AGAGTAAATGTTAAGAAAGAAGTT
AAAGTTTGTTATGTGTGAAGAATT
ATTGTGTTTAAGAAATATGATGAG
TATTGAAATGAGATGTATGTAGTT

338
340

341
342
343
344
345
346

ATTTGTGTGATGTTTGAARAATATGA
TAARARGATAATAGTGAGAGAAATTGA
ATTTATGATTAGTGTAAGTGTTGT

347

GATTAAGAATAAAGTGTGAAGAAT
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Ex

348

GTAATTGATGAAGAGTTAGTTTAT

349

TGTGTTATGTTATAAGAAGTGATA
AGAGAAATTGAATTTAGAAATGTG

350
351
352
353
354

TTATTGAATGTGAGARAGTATTTG
TCGTTAATGAGAAGATAATGATAGT

GAAAGTATTTGTTGATTATTGTTG

TAGTTTATGTAGTTAATTGTTGRAG

355

GTTGAAAGATAGTTTGATATGTAT

56

356
357
358

TTAGAAGATAGATTATTGAGARARARG
AATAATGTTGTGAAATAGATGTGA
AGTAAGAAAGTTTAGTTTAGTTAG

359
360

TAGTTTAATGAGATGTTTGATATG

TTAAAGATGTTAAAGAATGAGTGA

361
362
363
364
365
366
367

AAAGTGTGTATATGTTAGAAAGTA
ATTAAGTTATGTGTTTATGTGTTG

-

TTTGAAGAAGTGTTTGTATTATGT

TGTTAAGAAGTTTAGTTAAAGTTG

TTTAAGTATAAGATTGTGTGAGAT

AGATATTTGATAGATAGARAGAARAG
ATTTAGAGTTGTAAGAAGATATTG

GAGAAATTGTAATTGTTAGAGTAT

368
369

GAAGTATATGTTAAGATGTAATAG

370
371
372
373
374
375

AATATTGAAGATGTAGTGAGTTAT

GAGTTTAGAAATGATAAAGAATTG

60

TAAGAAATGAGTTATATGTTGAGA

TTGATATAAGAAGTTGTGATAAGT

61

AAGTGTTTAATGTAAGAGAATGARA
GTTGTGAGAATTAGAAATAGTATA
TTTAGTTTGATGTGTTTATGAGAT
GTAATTGAAAGTATGAGTAGTAAT

376
377

378

TAGTTGAATAAGATTGAGAGARARAT
TTAAGTGAAGTGTTGTTTATTGARA
ATTGATTTGTTGAARAATAAGTGTTG
TGAATTGTTGATAAGTT TATGAAGA
GTTTGTTATTGAGTAAGTTGAATT

379
380
381
382

383
384

TGATTTAGTATGTATTAGAGTTGA
TAAATAGAGATGAGAATARAGAARAG
AGAATGTTATATGTAGAGAAATTG
ATTTATGTAGTTGAGAGTGATARARA
GTAAAGATAGTTTGAGTAATTTGA
GAAATAGTATAATGTTAAGTGAGHA A

385
386

387
388

389
390

ATTGTATATTGTGTTGAAGAARAGT
GAGTTAAGTGTAAATGAAATGTAA
ATAGATTGTGTGAAAGAAAGAATT
TTAATAGAAGTTTGTAGTATGATG

391
392
393
394
395
396
397
398

TTGTATGTGAGAARATARARAGTTTAGT

GTGATTAGATATGATGATATGAARAT
TGAAGAAGAATTTAGATTTGTAAG

TGTATGATTATTGATTAGTGTGTT

TGTGAAAGAGAATGATAGATATTT

AATTGAARATGAGTGTGTTTAAGAR
ATTATAGAGTTAGTT TTAGAATGAG

399
400
401
402
403
404

AAAGATAGAARAATTGAGTGTATGAT

GTAGTTTGTTAATGTTGTATAATG
AGAGATATTAGAATGTAAGAATAG
AGAAGTTTGAAARATATGATAGAATG
TAGAATGTAAAGTTTAGTATAGAG
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423
424
425
426
427
428

GTTATTAGAAGAGATAATTGAGTT

TTGAGTTGTGATTAAGTAGTATAT
GATAGTATAATGATTGAAGTAATG

GTGAAAGATATTTGAGAGATARARAT

AGTTATGATTTGAAGAAATTGTTG

GTAAGTATTTGAATTTGATGAGTT
TAATAGTGTTATAAGTGAAAGAGT

429
430
431
432
433
434

AAATGAATTGATGTGTATATGAARAG

AGAAAGTGAGTTGTTAAGTATTTA

TTTATGTGTGAATTGTGTATATAG
GTAATATGATAGAAATGTARARAGAG

CAGAATTGTTTAAAGATAGTTGTA

435
436
437
438

GAATTTGTTAAGAATGAGTTTGAT
ATAGTGATGATTARAGAGAATTTG

ATAGATGTTTAGTTGAGATTATTSG

AAGAGTGTAAATAGAAAGTGATAT

439
440
441
442

TGTGTATTGATTGTTGAGATAARAT

TAGTATAGTGAGAAAGAGT TAAAT
AAAGATAARAGAAAGAGATGATGTTT

GAAGTTATTGAAATAGAGAAGTAT

443
444
445
446
447
448

ATGTATGTATAGAAAGAGTAARATG

GATGTTTGTAAAGATTGAAATTGA

AATTTAGAGAGTATTTGTGTTGTA

AATTTGTTTGAAAGARAAGTAAGTG
AAAGAGTAGTGTTATTGTTAGATA

GTATGTTGTATATGTTGTTGATAT

449

GTAGAATTTGTTGAGTATTTOGTA AARA
ATGAATTTAGTTAGTGTAAGARAAG
ATGATAAGAAATGTTGATGAAGTA

450
451
452

TTGATGATGAAGATAATGTAGATA

453
454

AGATGATATGATATAGATTAGATG
TTGAAAGTTAGAARAGATAGATGTT

455
456
457
458
459
460
461

GTTTAATGTTAGTTAGAAAGTAAG
GAGATTTAAGTTTGAAGTGAAATA
TTTGTTAGTAGTTGTTATAAGAGA
TATGAGAATAGTTTGTTAGTGAAT

TTGAAAGTTTAAAGAAGAGATAAG
AAGTGAGTTGAAATGAAATATGTT

GTTAGAAATGAAATGAGTAGTTAT



66

Table I

.ml o — m <
.x__._6___7__.___-7______7____
ME
m N ¢ NOW00NOOANMENNOV>EONOANMMCKTN O OON
B gL R s2232222922
A
o
o
FLCCHHRUOUEBELDOCOODEHVDUOURAHALEHELEHDODEDO GO
AHFAHFFACAAHFPRFRHFOAAALACEHACEHODHFOBRFOBRCAC B
FEAHUOBRUOULACLODBRODUOR A BB OB 0
DL AVELOEACOBRAHBFOBRRCSHO R H B & K
FORURAARBEOUBRCALDOORCRLELO HEHH B €L
URAKCHEABPOODEHEADOAA O CEHBBRDOHH
HFOUOUEEAUFRFAAAACOHRACODHEBFOACCOUCOCSEHD B
DbV AaAaBHUUODHPFPFRHRABRPRODEREAQADLCEAD
HFOHFACAOHUOFAUDAAAACCHBFUOROCEOCEHRCA
UK DUOUBPAAAACELHELCHEDOQLQULOALOUC VU H
FL AR ORHOBRRRCHERHCEE O HCHC A
FORPFHEFALACHBEAODRUCAODUACLOEAD € B O
o HEAAPRFAOARLLCEHPFOAORBPFUOUBRRLSAABEBHEOBRLLD B
R e R R GGG T R
9 PR ABEEFRHORBORCHDOCERBROMHECHQO O M
m UOUHACAUOUOBRFECOBHFAABHFHBPRFHRBMBHECRODRHRDDHODODAS H A
“ MO HRORFRACOCCBROURABHBARLEBEDREQ
FECFHOOUOCABEAHBEUORCACEHBOROCALHCEHO
AEOOBHHACACHOHMRAURARALLOCEHCCD Q-
FERAAUREAALAORFAAHHFORLLEHCO OB &
OO AEHEORLOBRORLEHRLDROMREHHCCACO M
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800C TEIN 0C  6¥£10Z800¢C

490
491
492
493
494
495
496

ATGTGTTTGARAGATGATGATTTA

AAGTTATGTTGATATTGAGTGAARA
TAGATAARARAGAAGATAGAGATTTA AG
GATGAATGTAGATATATGTAATGA
GAAGAATAGTTTATGTARAATGATG

GTAGTATATAGTTAAAGATGAGTT
GTTATTTGTGTATGATTATGATTG®G
AGAGATTAGAAARATTGAGAGAATTA

497
498

GTATGATAGAGTTTATAGTGATA AAR-A
GTTAGAAAGAATGAAATTGAAGTA
AAMAGAATGAGAATATAGAGATGAAT
AAAGAGAATAGTGTT TTAAGAAGAT

499
500

501
502
503
504

GATGTGTTATTGATAGAARATTAGA
TAGAGTTATAGAGATATTGTATGA
GAGAGTTGAATAAGTTAAAGATAT
AGATATGAAATAGATTGTTAGAGA

505
506

GAGTGAATAGAAAGATATGTTAAT
AAAGAGATATTGAAGAGAATAAAG
GTTATAGAARTAAGTTGTAAAGTGT
TGATAGTATGATAATGTGTTTATG
TTTGTTGTTAAGTATGTGATTTA AG
TAAAGTGTTGTGTTAAAGATTAAG
TGTGTTTGATTGATTAATGT T TATG
ATTAATGAATGAGTGTTGTAATGT

507
508
509
510
511
512
513
514

77

TAGATGTTTGTGAGTT TTGATATTA
GAATGAATAGTAATAGATGATTTG
AATAGTGTGTTGTTATATGATTAG
TAGATTAGAAGATGTTGTGTATTA

515
516
517
518

AATGTGTGTGTTAARAATGAATTTGT
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537
538

GTAGAAAGTGATAGATTAGTAATA

GATAAMATGTTAAGTTAGTATGATG

539
540
541

AGATTAGAAGAATTGTTTAGRAATG

ATATTTGAGAAGTGTGAAATGAAT

TGAGTAAATAGTTTATGAGTAGTA

542
543
544

TTAGAGAGTAGATARAAAGATTTGAT

ATTGTTTAAGTTGTTGATAAGATG
GTTGTAAAGTTAAAGTGTGAATTT
ATAGATTGTGTGTTTGTTATAGTA
GTAAGTTATTGAGAATGATAATAG

545
546

83

547

TAGATTAGTTGATAAGTGTGTAAT
AAATGTAAATGAAGAGTGTTTGTT

548

549
550
551
852

GATAGAAGAAATGTATATAGTGAT

TATAGAGTGTATGTTATGATAAAG

TATGAAGTGATAAGATGAAGAATT

TGTTGAGAATAGTAAGAGAATTTA
TAGATAATGTGAAGTAATAAGTGA

84

553
554

GTATTATGATGATAGTAGTAAGTA

555
556
557
558
559
560
S61
562
563
564

AGATATGATTTAGTATTGAATGTSG
AATTAAGTTTGTAGAGTGATTTGA

AAGAAATAGATGTAGTAAGATGTT

TTGAGAAGTTGTTGTAATAAGAAT
AGTGTGAAATAGTGAAAGTTTARAA

TTTATGTAGTAGATTTATGTGAAG
ATTAATGAGAAARTTAGTGTGTTAG

ATGTTAATAGTGATAGTAAAGTGA

TATGTTGATAAATGATTATGAGTSG

TTATTAGAGTTGTGTGTGATATAT

565
566
567

TGTTGTTATGATTGAGTTAGAATA
AATTTGAGTTAAGAAGAAGTGTAA
AARARGATAAAGTTAAGTGTTTGTAG

88

568

TGTTGAGATGATATTGTATAAGTT

TAAATAGTGAATGAGTTATAGAGT
ATAGATGTTATGATAGTTAGTTAG

569

570
571
572

GTTAAGTGAAGATATGTATTGTTA
TAAGAAAGTAAAGTTTGTAGATGT
AAGAGARARAGTTTGATTGAATAAAG
ATATTAGATGTGAGTTATATGTGT
AGTTTGAGTTTAGTATTGTGAATA A

573
574
575
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593
594
585
596

TTAGTTGTTATGTGAGAGTAATAA
AAATGAGTATATTGAATTGTGATG

AATTAGAAGTAAGTAGAGTTTARAG

TGTAAGTTTAAAGTAAGARAATGTG
GAAATGATAAGTTGATATARAGARAG

597
598

AATGAGTAGTTTGTATTTGAGTTT

599
600

AGTGAATGTAAGATTATGTATTTS®G

GTAATTGAATTGARAAGATAAGTGT
TATGTTTAAGTAGTGAAATAGAGT
GTATTGAAATTGAATTAGAAGTAG
AATATGTAATGTAGTTGAAAGTGA

601
602
603
604

TGAATATTGAGAATTATGAGAGTT

605
606
607

TAGTGTAAATGATGAAGAAAGTAT
GTATGTGTAAAGAAATTTGATGTA

AATTGTTTGAAAGTTTGTTGAGAR-A

608
609

AATTGTTTGAGTAGTATTAGTAGT
TAATTGAGTTTGAATARGAGAGTT
TGTTGATTGTAAGTGTTTATTGTT

610
611
612

GAAATTTGTGAGTATGTATTTGARA
TAAGAATGAATGTGAAGTGAATAT

613
614

TAATGTGAAGTTTGTGAAAGATAT

TTGTATATGAAAGTAAGAAGAAGT

615

TAGAGAGAAGAAGARAATAAGAATA
ATTTGAARATGTTAATGAGAGAGAT
TTGTGTGTATATAGTATTAGAATG
ATTGTTAGTATTGATGTGAAGTTA
TGTTTGTATTTGAATGAAATGAARAG
TGTTAGATTGTGTTAAATGTAGTT
TATAGAGTATTGTATAGAGAGARARA
AAATAGTAAGAATGTAGTTGTTGA

616
617

618
619
620

621
622
623

TGAGTGTGATTTATGATTAAGTTA
AGAATTTGTTGTAGTGTTATGATT
GATTGAAGAAAGAAARATAGTTTGARA

624
625

626
627
628

GATARARTAGAGAATAGTAGAGTTAA

GATTGAAATTTGTAGTTATAGTGA

GATTTAAGAAGATGAATAATGTAG

629
630

TTTGAGAGAAAGTAGAATAAGATA
GATTAAGAGTAAATGAGTATAAGA
TTTGATAGAATTGAAATTTGAGAG

631
632

TGAAGAAGAGTGTTATAAGATTTA
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640

ATATTGAGTGAGAGTTATTGTTA AR-A
AGATGTGTATTGAATTAAGAAGTT
TAATGTGTTGATAGAATAGAGATHA
AAATTAGTTGAAAGTATGAGAR AAG
TTTAGAGTTGAAGAAATGTTARATG
GATTGTTGATTATTGATGAATTTG
TGTTGTTGTTGAATTGAAGAATTA
ATTAAGTAAGARATTGAGAGTTTGA

641

11

642
643
644
645
646
647
648
649
650

GTATGTTGTAATGTATTAAGARBAAG
TAGTTGTGATTTATGTAATGATTG
TGATAATGAARAAGTTTATAGAGA AGA

61 10¢800¢C

651
652
653
654
655
656

GTAAGATTGTTTGTATGATAAGAT
TTGAATTAAGAGTAAGATGTTTAG

AAGTGTTTGTTTAGAGTAAAGATA
AGAGAGATAAAGTATAGARAGTTAA

ATTATGAATAGTTAGAAAGAGAGT
TTGTTGATATTAGAGAATGTGTTT
TTTATTGAGAGTTTGTTATTTGTG

657
658
659
660
661
662
663
664

AGTGTTAAGARGTTGATTATTGAT

GAGAAATGATTGAATGTTGATAAT

GATAAGTATTAGTATGAGTGTAAT

16

TTTGATTTAAGAGTGTTGAATGTA

AAGTTAGTAAATAGAGTAGARAAGA A
GTAAAGTATGAATATGTGAAATGT
TAAMATAAGTGTGTTGTGAATGTAAT
AAAGATTTAGAGTAGAAAGAGAAT
TTAGTTTGAGTTGAAATAGTA AR AAG
TAATAGTATGAGTAAGATTGARARAG
GAAGATTAGATTGATGTTAGTTAAR-A
TAAAGAGAGAAGTTAGTAATAGAA-A
TAAGTATGAGAAATGATGTGTTAT
GAGTTTGTTTGTTAGTTATTGATA
AAGTAAAGAAATGTTAAGAGTAGT

665
666
667
668
669
670
671

672
673
674
675
676
677
678

ATGAGAATTGTTGTTGAAATGTA AR
TTAGATTAGAGTAGTAGAAGAATA
TAGTGATGAAGAAGTT TAGAAATTA
TAATGTAGTARTGTGATGATAAGT
TTGAGAAAGAATAAGTAGTGTA AARAR-RA
TAATGAGTGAGATTATAGATTGTT

679
680
681
682
683
684
685
686

GTATAAGAAATGTGTGTTTGATTA

GTGAATGTGTTAARATGAAGATATAT
GAAAGTTATTAGTAGTTARARAGATG
TAGAATTGTGTTTGATAAGTGATA
TGATTTAGATTGAGAGTTAARATGHA A
ATTATTGAGTTTGAATGTTGATAG
ATAGTAGTTATGTTTGATTTAGTG

ATAGAAGAAGAATAAAGT TAGAGA
GATGTTGAAAGTAATGAATTTGTA
GAGATTGATAGTAGAAATGATAAA
TGAGAGAATARAAGTATGAATTTGA

687
688

689
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708

TAGTAGTAGAATATGAAATTAGAG
TTTAATGAGAARAGAGT T TAGAGTATA
AAAGTTTAGTAGAGTGTATGTAAA

NO A NM
O -t
oo~~~

ATATATGATAGTAGAGTAGATTAG
TGAGAAGTTAATTGTATAGATTGA
TATAGAGATGTTATATGAAGTTGT
AAATTTGTTAAGTTGTTGTTGTTG

715
716
717
718
719
720
721
722
723
724

TTGTTGAAGATGAAAGTAGAATTA
AAMGAGATAAGTAGTGTTTATGTTT

AATAAGAAGAAGTGAAAGATTGAT

TAAGTTAAAGTTGATGATTGATAG

ATATAAGATAAGAGTGTAAGTGAT

GTTAAATGTTGTTGTTTAAGTGAT
GAGTTAAGTTATTAGTTAAGAAGT
TATTAGAGTTTGAGAATAAGTAGT
TAATGTTGTTATGTGTTAGATGTT

GAAAGTTGATAGAATGTAATGTTT

725
726

TGATAGATGAATTGATTGATTAGT

ATGATAGAGTAAAGAATAAGTTGT

727
728

AGTAAGTGTTAGATAGTATTGAAT
ATGTAGATTAARAGTAGTGTATGTT

729
730
731
732
733

TTATTGATAATGAGAGAGTTARAAG

29

ATTTGTTATGATAAATGTGTAGTG
TTGAAGARAATAAGAGTARATAAGAG

TGTGTAATAAGTAGTAAGATTAGA
ATGAAAGTTAGAGTTTATGATARAG

37

734
735
736
737

ATTAGTTAAGAGAGTTTGTAGATT

TGTAGTATTGTATGATTAAAGTGT
AGTTGATAAAGAAGAAGAGTATAT

GTAATGAGATAAAGAGAGATAATT

738
739
740

TGTGTTGAAGATAAAGTT TTATGAT
AAGAAGAGTAGTTAGAATTGATTA
GAATGAAGATGAAGTT TTGTTARATA
AAMAATTGTTGAGATAAGATAGTGAT

741
742

TGATTGTTTAATGATGTGTGATTA

743
744
745
746

ATGAAGTATTGTTGAGTGATTTARA

46

GTGTAAATGTTTGAGATGTATATT

AATTGATGAGTTTAAAGAGTTGAT
TTTGTGTAATATGATTGAGAGTTT
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m. FORRABPFHABPHEEAADEBECHODUDUALCOVDOALAHBHOPBRHUBEQOUOLCBHOOBHBEBEDYE
0 CHRALDVDUALCHOBEPHOBEFHEHECOEFHFOLCODOUAVDUOERFOBREBECQUBREBEROALDO
VORLEHFEECODHOCUOUEBEREREHOAOAAOHLBELACAHBHEHEBEASCCLAALOLOHEHR
CAHUHRAUAACSALPHPHALARHOFRFEACALCOBRBRALABHLCHOOALAOBRPAQAHBRABHOONRH
FA AUV UOURKBHBEPOLBEHNEFEALCHSALHBPHESLCDOERFPBELCRBPOBRRLAEBEQCQOEBEBBEA
DAL A ORI AV ORABPELCBHOUFBHEAODALADOBHOBUOEACD
CAHAEBEOAPFPCAUCPFORAVDUOUBHBERAPUORLCCOBAALCHABPLAHRLCBELCBRHOBCQOH
MR ABREAABFPORCHURABHODUURABPLABEBPODORCOUEBACUEHA
VHUKKODOUORKUOUHOORFLSPFREFORCEODUOHLAALSEHEHHOBREBRBRECEHUOUEBBAABR

800C TEIN 0C  6¥£10Z800¢C

789
790
791
792
793
794
795

TAGTGTAGATATTTGATAGTTATG

AGTTTAATGTGTTTAGTTGTTATG

TGTGTAAAGTAGARARAAGTAAAGATT
GTTATGATATAGTGAGTTGTTATT

53

TTTGATTGAATGTTAATAGTGTGT

54

AGAGTATTAGTAGTTATTGTAAGT

TAAGTAGARAAGAAGAAGATATTTSG

796
7397
798
799
800

AGAAAGAGAATTATGTAATGARARARG

TTAGATTTGTTAGTGTGATTTAAG

GATGATTAAGATATAGAGATAGTT

ATATTTGAGTGATTAAGAGTAATG

TGTATTGTGAGTTAARAGTATAAGTT
AATTTAGTAGARARAAGTGTTGTGTTT

801
802
803

GTTAGAAGATTAAGTTGAATAATG

TARAGTATGTGAGATGATTTATGT
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811
812

GAATAGTTTGATTTGTGTTTGTTA

AGTTGTTTAGATTTGATTTGTAAG
GTATGAGATTTGATATAAGATTAG
TTTATAGTGAGTATAGTGATGATT

55

813
814
815
816
817
818
819
820
821

TATATGTGAAGATATAAGTGTTTG
ATTGATAGATGATAGTAATTGAGT
TGATAGATGTGAAGAATTTGATTT
GAAGATATTGAAAGAATTTGATGT
GATGTTTAGTGTAGATATAGATTT
GAATATTGAGTTATAAGTAGTAGT
AGTGAGTAAGTAATAGAAAGATTT

61 10¢800¢C

822
823

GTAGAATAAGTAATTTGTGAGATA

GAGTTATTTGAGATTTAGATGTTT

824

GAAATGATGATTGAATTTAGAGA AT
AMATAGTGTGAGAATAGTTAAGTA

825
826

ATGTGTTAAGTTGTAGAAGAATAR-A
ATAATGAGTTARTAGTGTAAGRAAG
ATAAGAGATGTTTAAGTTAGAARAG
TGTTAGTGTTAGAAATATGAARAGA
TTTAGAAGATTGTTAGATAAGTTG
GTGTAATGTATAAGATAGTTAAGT

827
828

829
830

831
832

57

TATTAGAGAGAAATTGTAGAGATT

833
834

TAGTGAGATAAAGTAAAGTTTATG

TTGTGAAAGTTAAGTAAGTTAGTT

835
836
837

AAAGTGTAAGTTGAAGAATATTGA
GAATAGAGTGTTATTTGAAATAGNA

TATAAGAGAGAGATAAGTAATAAG
TGAGTGAAATTGATAGAGTAAATT
GATGAATAAGTT T TAAGTGAGARARAT
GTGTGATATGTTTATTGATTAAGT
TAAAGTGAGTGTAAATGATAATGA
GTAGAGTTTGATTTGAARAGAATAT
GAATATTGTTATGTTTGTTATGAG
GTGTAATAAGATGTATTGTTGTTT

838
839
840

841
842
843

844
845
846

TAAATTGATTGTGAGTTGAAGAAT
TGAGATAGTTATAGT TAAGTTTAG
AGTTTGTTAAGATTATGTAGARAAG
GAATGTGTAGAARTAAGAGATTAAA
GTATTATGAAAGAAGTTGTTGTTT

847

848

849

58

850
851
852
853
854

GTGTTATAGAAGTT TAAATGTTAAG
TTAAGAGTAGTGAATATGATAGTA
AATGTTATAAGATGAGAGTTTAGT

ATATAAGATTTGATGTAGTGTAGT

TATGTTTGTTGTTGTTAAGTTTGA
GATAGTTTAGTATAGAAGATAARAAG
GTTGAATATAGAGATAGTARAATAG
AGAGAAGATTTAGTAAGARAATGATA
TGAATGAGAAAGATATTGAGTATT

855
856
857

858
859
860

TGAAGATTATAGTAGTTGTATAGA

GATTAGTAGTATTGAAGATTATGT
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861
862
863
864
865
866

TGAAATGTGTATTTGTATGTTTAG

ATTAAAGTTGATATGAARAGARAGTG

62

AATGTAGAGATTGTAGTGAATATT

TTATTTGTTGAGTGTARATGTGRAT
ATGTAATTGTGAATAATGTATGTG

63

GATTTGTATAGAGATTAGTAAGTA

867
868

AATATTGTTGTTTAGAGARAAGARG
ATGATGATGTATTTGTARAGAGTA

869

AATGTATTTGTGTGATTGTGTARAR
AGTGTTATGAAGAARATAGTAAGAAT
GTTATGTAGAGATGAAAGARAATTA
GTTTGTATTAGATAAATGAGTTGT
TGATTTATGAGATTAAGAGAAAGA
TTTGTGTGTTATTGTAATTGAGAT
GATGTGTGATATGATTAARAGAARAAT
AGATTATAGATTTGTAGAGAAAGT
GAAGAGTATGTAATAGTATTGTAT

870
871
872
873

65

70

874
875

876
877

878

TTTGTAATGTTGTTGAGTTTARAGA
AGTAAATAGTAGTATGAATAAGRAG
GAARATGTTGAATTGAAATATGAGTT
AGTAGTTAATTGATAGTAAGTTTG

879
880
881
882
883
884

AGTGTAAAGAAATGAARATGAATAAG
TGTTAGATATTTGTGAAATGTGARA

TGTATGTTGAGTTTGAATTGTTAT
TGAGTGAATTAGTTATGTTGTTAT

885

886
887
888

GAAGAAAGAAATGAGAAAGATTAT
TTAAGTAAGTTGTGTTGATATTAG
ATGATGTGTTTGATTTGAATTGAARA
AAGTAAGTGAAATTGTTGTTTGARA

72

889
830

ATGAAGTGTAAAGTTTGAAAGAAA
AGAGAGTAAGATAATTGTATAGTA
TTTATGAGATAGATGAAATAAGTG
AGCGAAATTAGTAGTAATGATTTGTG®G

891
892

893
894
895

GATTTGAGATTGAATGAGAATATA
GATTAGAAAGATGAATAAAGATGA
TAGATAGAAAGTATATGTTGTAGT

896
897

GAAGATAGTAAAGTAAAGTAAGTT

75

898
899
300
901
902
903
904

AAATGTGTGTTTAGTAGTTGTARARARA
TTGTTGAAGTAAGAGATGAATARA
TATTTGAGAGAAAGAAAGAGTTTA
TATTTAGTGATGAATTTGTGATGT
TTATAGTGATGATGATAAGTTGAT
TAAAGATAATTGTAGAAAGTAGTG
CGTTTAGTATTGATATTGTGTGTA AR

905
906

GTGTTGTGAATAAGATTGAAATAT
AAAGAAAGTATAAAGTGAGATAG A
TATTTGTAAGAAGTGTAGATATTG

207
908

TAGAAGATGAAATTGTGATTTGTT

909
910

ATAATAGTAAGTGAATGATGAGAT

AATGTGAATAAGATAAAGTGTGTA

511
912
913
914
915

ATTGAAGATAAAGATGTTGTTTAG

76

TGAAATAGAAGTGAGATTATAGTA

AGTTATTGTGAAAGAGTTTATGAT
AAATAGTAGTGATAGAGAAGATTT

AGTGTATGAAGTGTAATAAGATTA
TGATTAAGATTGTGTAGTGTTATA
AGTTTATGATATTTGTAGATGAGT

916
917
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924

AAAGTTTAGTTTGTATTAGTAGAG
AGTTTGATGTGATAGTAAATAGAR
AAGTGTTATTGAATGTGATGTTAT
AAATTGAAGTGTGATAATGTTTGT

925

(]

[T - < I B [ B T
WO HANMH
NN QNN MM
OO WOy O h

GTTTAGTGATTAAARGATAGATTAG
ATAAGTGTATAAGAGAAGTGTTARA
ATGAATTTGTTTGTGATGARGTTA
AAAGAATTGAGAAATGAAAGTTAG
AGTGTAAGAGTATAAAGTATTTGA
GAATTAAGATTGTTATATGTGAGT
TATGAAAGTGTTGTTTAAGTAAGA
TAAAGTAAATGTTATGTGAGAGAR
AAAGATATTGATTGAGATAGAGTT

e

61 10¢800¢C

935
936
937

AAGTGATATGAATATGTGAGAARAT

938

AAATAGAGTTTGTTAARATGTAAGTG
GATTTAGATGAGTTAAGAATTTAG
TTGCTAAATGAGTGTGAATATTGTA

239

940

941

AGTAGTGTATTTGAGATARATAGRAR
TGAGTTAAAGAGTTGTTGATATTT

942
943

AAAGAGTGTATTAGAAATAGTTTG

944

GTTTAGTTATTTGATGAGATAATG
AAGTGTAAATGAATAAAGAGTTGT

945

946

AATAAAGTGAGTAGAAGTGTAATT

947

TATTGAGTTTGTGTAAAGARGATA
TTTATAGTTGTTGTGTTGAARGTT

948

549

ATGAAATATGATTGTGTTTGTTGT

950

AAAGAGATGTAARARGTGAGTTATTA
TTGAAGAAAGTTAGATGATGAATT

951
952
953
954

ATGTTATTTGTTTAGTTTGTGTGA
AAATATGAATTTGARGAGAAGTGA

GATTAGATATAGAATATTGAAGAG
TTAGAATAAGAGAAATGTATGTGT
TTTATGAAAGAGAAGTGTATTATG®G

955

956

957
958

GTAAGTATTAAGTGTGATTTAGTA
ATAAAGAGAAGTAAAGAGTAAAGT

859
960

ATTGTTAATTGAAGTGTATGARARAG

TATATAGTTGAGTTGAGTAAGRATT
TAGATGCAGATATATGAAARAGATAGT
ATAAGAAGATGATTTGTGTAAATG

261
962
963
964

TTAGTAARTAAGAAAGATGAAGRARGA
GATTTGTGAGTAAAGTAAATAGAR
AAATAGATGTAGAATTTGTGTGTT

965
966
967
968

GAAATTAGTGTTTGTGTGTATTAT
ATTTGAGTATGATAGAAGATTGTT
ATAGAGTTGAAGTATGTAAAGTTT

969

TAATTTGTGAATGTTGTTATTGTG

970

TTAGTTTATGAGAGTGAGATTTAARA

571
972
973
974

GTTGTTAGAGTGTTTATGAAATTT
TTTATTGTGATGTGAAATAAGAGHA
GTAAGTAATATGATAGTGATTAAG

TGAGATGATGTATATGTAGTARATA
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993
994
995
996
997
998
999

AGTTAAGATATGTGTGATGTTTAARA

TGAGTTATGTTGTAATAGAAATTG
TTAGATAAGTTTAGAGATTGAGA AR
ATGAGTAATAAGAGTATTTGAAGT
TGTTTAAGTGTAATGATTTGTTAG

TTGAAGAAGATTGTTATTGTTGAR

TATAGAAAGATTAAAGAGTGAATS®G

1000
1001

TAAATTGTTAGAAATTTGAGTGTG

ATTGTTAGTGTGTTATTGATTATG
GAGAATTATGTGTGAATATAGARARA
TTGATTGATAAAGTAAAGAGTGTA
GTGTGTAAATTGAATATGTTAATSG
AAAGTAAAGAAAGAAGTTTGARARAG

1002

1003

1004

1005
1006

TTTAGTTGAAGAATAGAAAGAARAG
GTGTAATAAGAGTGAATAGTAATT

1007

1008

TATTGAAATAAGAGAGATTTGTGA

1009

ATGAGAAAGAAGAAGTT TAAGATTT
AAGAGTGAGTATATTGTTARAGARA
TTTGTAAAGTGATGATGTAAGATA
GATGTTATGTGATGAAATATGTAT
GTAGAATAAAGTGTTAAAGTGTTA
AAAGAGTATGTGTGTATGATATTT
AAAGATAAGAGTTAGTAAATTGTG
AAGAATTAGAGAATAAGTGTGATA

1010
1011

1012

1013

1014
1015

1016

86

1017
1018

GATAAGAAAGTGAAATGTAAATTSG
GATGAAAGATGTTTAAAGTTTGTT

1019
1020
1021

AGTGTAAGTAATAAGTTTGAGARARA
GTTGAGAATTAGAATTTGATARARAG
TTAAGAAATTTGTATGTGTTGTTG

87

1022

AGAAGATTTAGATGAAATGAGTTT

1023

TAAGTTTGAGATAAAGATGATATG
TGAGATAGTTTGTAATATGTTTGT
AGTTTGAARAATTGTAAGTTTGATGA

1024

1025
1026
1027
1028

TAGAATTGATTAARATGATGAGTAGT

AGAGATTTGTAATAAGTATTGAAG
ATAATGATGTAATGTAAGTAGTGT
TGAAATTTGATGAGAGATATGTTA
TGTGTAAAGTATAGTT TTATGTTAG

1029
1030
1031

TGAATAAGTGAARAATAGAATGARATG
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1032
1033 89
1034 -
1035 -
1036 -
1037 -
1038 -
1039 -
1040 -
1041 -
1042 -
1043 -
1044 -
1045 - |
1046 -
1047 90
1048 -

t
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1049
1050
1051
1052
1053

TTGTGAGAAAGAAGTATATAGAAT

GTAAGTTTAGAGTTATAGAGTTTA
GATAGATAGATAAGTTAATTGARAG

AGAGATGATTGTTTATGTATTATG

AAAGTTAAGAAATTGTAGTGATRAG

1054
1055
1056
1057
1058

TTTGATATTGTTTGTGAGTGTATA

ATTTGTAGAARAAGTTGTTATGAGTT

GATTTGAGTAAGTT TTATAGATGARA
AAGATAAAGTGAGTTGATTTAGAT

GATATTGTAAGATATGTTGTAAAG

1059
1060
1061
1062
1063

GTAAGAGTGTATTGTAAGTTAATT

GTGTGATTAGTAATGAAGTATTTA
GTAAGAAAGATTAAGTGTTAGTAA

92

AGTAGAAAGTTGAARATTGATTAT®G

TAAGAGAAGTTGAGTAATGTATTT

1064
1065
1066
1067
1068

GTTAAGAAATAGTAGATAAGTGAA

TAAGTAAATTGAAAGTGTATAGTG

AAGATGTATGTTTATTGTTGTGTA

ATTTAGAATATAGTGAAGAGATAG

93

GTTATGAAAGAGTATGTGTTAARAT
TATTATGTGAAGAAGAATGATTAG
TAATAAGTTGAAGAGAATTGTTGT

1069
1070

1071

TGATGTTTGATGTAATTGTTARARAG

1072

GTGAAAGATTTGAGTT TTGTATAAT
AGAGAATATAGATTGAGATTTGTT

1073

1074
1075

TTTGAGATGTGATGATAAAGTTAR
GTTGTAAATTGTAGTAAAGAAGTA
GTGTTATGATGTTGTTTGTATTAT
ATTATTGTGTAGATGTATTAAGAG
GTTAGAAAGATTTAGAAGTTAGTT

1076
1077

1078
1079
1080

TTGTGTATTAAGAGAGTGAAATAT
GTTTAAGATAGAAAGAGTGATTTA

1081
1082

AATGAGAAATAGATAGTTATTGTG

TGAATTGAATAAGAATTTGTTGTG
AATAAGATTGAATTAGTGAGTARAG

1083

1084

AATGTTTGAGAGATTTAGTAARAGA
AGTTTAGAATAGAAATGTGTTTGA

1085
1086
1087

TATAAGTAAGTGTTAAGATTTGAG
GTAGTGAATAAGTTAGTGTTAATA
AAGTGTGTTAAAGTAAATGTAGRAT

1088
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DEHEALACDALACLLODLUALU A
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1106.
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117

AARAGAAATAAGTATGATAGTAGTA G

ATTTGAATTGTATTGTAGTTTGT G

AAGAGAATAATGTAGAGATATARAG
TGTGTAATAGTTGTTAATGAGTA A
TATAGTTGTAGTTTAGATGAATGT
ATTGTGTTAGAATGATGTTAATAG
GTTTGTATAGTATTTGATTGATG T
AGAGTAAAGTATGAGTTATGAATA

96

GAMBMAGTTTAAGTGATGTATATTGT
TTAAATGATAAAGAGTAGTGARAG T

TTAAATGTGTGAGAAGATGARATHA A

97

ATTTGTATAAAGTGAAGAAGAGAAR
TGATTAGTATTTGTGAAGAGAT TT
TTTGAATGAAATTGATGATAGAT G
AGAGTAAGATTAAGAARTAAGARAG
ATTGAATTGAGAAGTGAAGTAAARA T
TTTAGAGAAGTATTGTTTGAAAGA
TAAAGTGAAAGATTTGARARATGAT G

1118
1119

1120
1121

1122

1123

1124

GCAARAAGTTAGAGAAATGTAGARARAT T
GTGAATAATGAAGAAGTTATGTTA

98

1125
1126
1127

TTGTGAARATAAAGTAGATGTGTTA T

TTATATGATATGAGTTTGTGTT G A

1128

TTGATTTGTGTGAGTATTAGTTAT
AAAGTGATTABGTTAGTTTGAGA T

1129

1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143

TTGTATTTGTATAATGTTGAARA GAG
GTTTGAAATTAGTGTGAGAARTA T

AATGTTGAGATTGATAATGTTGA A
TAGTAGTAGTATTGTTGTAATARG

GTTGTAATTTGAGTGTTAGTTA TT

TGAATATGATAGTTAGTAATTGTG

TGATAGTATGTTTGTGATTARAAGA
GATGTATAAAGAGTATGTTATAA G

AGTGAGATTTAGAAGATGTTATT A

A TGAGAATTTGTTAARAAGAGARAR GT
AARAGAATTAGTATGATAGATGAGA
TAGAGTTGTATAGTTTATAGTTGA
GTAGAATGATTGTTTAGAARAGATTT
GTTTATGTTTGAGAAGAGTTATTT
TAGAAGTTTGAARAGTTATTGATT G
GATGAAGAGTATTTGTTATATGTA

1144
1145
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Sequence SEQ ID NO: No. in
Ex 1

1146 100
1147 -
1148 -
1149 -
1150 -
1151 -
1152 -
1153 -
1154 -
1155 -
1156 -
1157 -
1158 -
1158 -
1160 -
1161 -
1162 -
1163 -
1164 -
1165 -
1166 -
1167 -
1168 -

QrraralprpAaprp-aarQQprprrAapraaAqae
HyrAr-ad3ryraladadrodQar 33y
FPAS3PrPA930Qrprrrraa3raa3rag
QPrOoQQrrPrrrraaQra3yrrrraayde
PR PrPQPaA3APPradrr-aao00nay
QraoarraArd9QararrraQrayyry
rProal3raH30r3dQrrp3prrrad60r a3
HHdo0aHaraeraaao3raoan3adr o
PARrrQrPOdrrQrr30prrarpr-ap-
PAHAPPArQrQQrPrrrQrAQr Y33 py
A a3 rHd3rYyadoa 3o r3ara
AP PAaAPrPQQAQPRPYPIPa9drQprp 33> a4
Qraoad-3acasHa3raoaaoad3aaraday 3y
PrrAprAQaarrrrrQraaal3y
HoaHQaQarrr3Qqra3prp rad3aaaary o
QragdaQaQarraoaa@rAarlrAaraarA
Hadraa3radlprp3aaprrprprrpr-gay
QAAPr 333 3prApyrardaraa03ayrS
HrPrarrarraAaelQaqrar3pradaaaas
PQrarAaraorHdoaraoaaroadrenre
PREPrrAAAY A3 aprprraa0drY0p
Haroaoaraar-aoaarrrraraar-3ra
HeHAHHasaRpragQarrrradr 33
ArPrHAOrQrIQaQrAYrQQrrFra3Qd»

All references referred to in this specification are incorporated
herein by reference.

The scope of protection sought for the invention described herein
is defined by the appended claims. It will also be understood that any
elements recited above or in the claims, can be combined with the
elements of any claim. 1In particular, elements of a dependent claim can
be combined with any element of a claim from which it depends, or with
any other compatible element of the invention.

This application claims priority from United States Provisional
Patent Application Nos. 60/263,710 and 60/303,799, filed January 25,
2001 and July 10, 2001. Both of these documents are incorporated herein

by reference.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A composition comprising at least one hundred and fifty minimally cross-
hybridizing molecules for use as tags or tag complements wherein each molecule
comprises an oligonucleotide comprising a sequence of nucleotide bases for which,
under a defined set of conditions, the maximum degree of hybridization between said
oligonucleotide and any complement of a different oligonucleotide does not exceed
about 20% of the degree of hybridization between said oligonucleotide and a
complement to said oligonucleotide, wherein for each said sequence there is at most six
bases other than G between every pair of neighbouring pairs of G’s, and wherein the
oligonucleotides are selected from SEQ ID NOs 1-1168, or the complete complements
of SEQ ID NOs 1-1168.

2. The composition of claim 1, wherein the number of G's in each said sequence
does not exceed L/4 where L is the number of bases in said sequence.

3. The composition of claim 2, wherein the number of G's in each said sequence
does not vary from the average number of G's in all of the sequences of the set by more
than one.

4, The composition of claim 3, wherein the number of G's in each said sequence is
the same as every other sequence of the set.

5. The composition of claim 3, wherein each said sequence is twenty-four bases in
length and each said sequence contains 6 G's.

6. The composition of claim 1, wherein no oligonucleotide contains more than four
contiguous bases that are identical to each other.

7. The composition of claim 1, wherein at the 5'-end of each said sequence at least
one of the first, second, third, fourth, fifth, sixth and seventh bases of the sequence is a
G.

8. The composition of claim 1, wherein at the 3'-end of each said sequence at least
one of the first, second, third, fourth, fifth, sixth and seventh bases of the sequence is a G.
9. The composition of any one of claims 1 to 8, wherein under said defined set of
conditions, the maximum degree of hybridization between said oligonucleotide and any
complement of a different oligonucleotide of the composition does not exceed about 6%,

and wherein said set of conditions results in a level of hybridisation that is the same
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as the level of hybridisation obtained when hybridisation conditions include 0.2 M
NaCl, 0.1 M Tris, 0.08% Triton X-100, pH 8.0 at 37°C, and the oligonucleotides are
covalently linked to microparticles.

10. The composition of any one of claims 1 to 8, wherein each said molecule is
linked to a solid phase support so as to be distinguishable from a mixture of other said
molecules by hybridization to its complement, and wherein each said molecule is linked
to a defined location on said solid phase support, the defined location for each said
molecule being different than the defined location for different other said molecules.
11. The composition of claim 10, wherein each said solid phase support is a
microparticle and each said molecule is covalently linked to a different microparticle
than each other different said molecule.

12. A composition comprising a plurality of minimally cross-hybridizing
oligonucleotide tag complements, each oligonucleotide of each tag complement
comprising:

(a) each oligonucleotide is free of either cytosine or guanosine residues;

{b) no two cytosine or guanosine residues are located adjacent each other in an
oligonucleotide and any two cytosine or guanosine residues are separated by at most 6
non-cytosine or non-guanosine residues, respectively;

(c) the number of cytosine or guanosine residues in each oligonucleotide does
not exceed L/4 where L is the number of bases in the oligonucleotide;

(d) the length of each oligonucleotide differs by no more than five bases from
the average length of all oligonucleotides in the composition;

(e) each oligonucleotide does not contain 4 or more contiguous identical
nucleotides;

(D) the number of guanosine or cytosine residues in each oligonucleotide does
not vary from the average number of guanosine or cytosine residues in all other
oligonucleotides of the composition by more than one; and

(g) when each oligonucleotide tag complement is exposed to hybridization
conditions comprising 0.2M NaCl, 0.1M Tris, 0.08% Triton X-100, pH 8.0 at 37°C, the
maximum degree of hybridization between the tag complement and a tag not fully
complementary to the tag complement does not exceed 30% of the degree of

hybridization between the tag complement and its fully complementary tag;
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wherein the oligonucleotides are selected from SEQ ID NOs 1-1168, or the complete
complements of SEQ ID NOs 1-1168.

13. The composition of claim 12, wherein when each oligonucleotide contains a
cytosine residue or a guanosine residue, each respective oligonucleotide contains either
a cytosine or guanosine residue located within seven residues of an end of the
oligonmucleotide.

14. The composition of any one of claims 1 to 13, wherein the length of each said
sequence or each said oligonucleotide in the composition is the same.

15. The composition of any one of claims 1 to 13, wherein each sequence or each
oligonucleotide is between 10 and 50 bases or between 10 and 50 nucleotides in length,
respectively.

16. The composition of claim 15, wherein each oligonucleotide comprises 24

residues and wherein each oligonucleotide contains either 6 guanosine or 6 cytosine

- residues.

17. The composition of claim 12 or 13, wherein in element (g) the maximum degree
of hybridization between the tag complement and a tag not fully complementary to the
tag complement does not exceed 20% of the degree of hybridization between the tag
complement and its fully complementary tag.

18.  The composition of claim 17, wherein in element (g) the maximum degree of
hybridization between the tag complement and a tag not fully complementary to the tag
complement does not exceed 6% of the degree of hybridization between the tag
complement and its fully complementary tag.

19. The composition of claim 12 or 13, wherein the oligonucleotides are attached to
a solid phase support.

20. The composition of claim 19, wherein the support is a planar substrate
comprising a plurality of spatially addressable regions.

21.  The composition of claim 12 or 13, wherein the oligonucleotides are covalently
linked to microparticles, wherein the microparticles are spectrophotometrically unique
and each unique microparticle has a different oligonucleotide attached thereto.

22, A kit for sorting and identifying polynucleotides, the kit comprising one or more
solid phase supports each having one or more spatially discrete regions, each such

region having a uniform population of substantially identical tag complements
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covalently attached, and the tag complements each being selected from the set of
oligonucleotides as defined in any of claims 1 to 18.

23.  Akit according to claim 22, wherein said one or more solid phase supports is a
planar substrate and wherein said one or more spatially discrete regions is a plurality of
spatially addressable regions.

24, Akit according to claim 22, wherein said one or more solid phase supports is a
plurality of microparticles and each microparticle is spectrophotometrically unique from
each other microparticle having a different oligonucleotide attached thereto.

25. A composition according to any one of claims 1 to 21 or a kit according to any
one of claims 22 to 24, substantially as herein described with reference to any one of the

examples,
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