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(57) ABSTRACT 

The present invention relates to novel methods for sequenc 
ing and mapping genetic markers in polynucleotide 
sequences using Type-Ils restriction endonucleases. The 
methods herein described result in the “capturing” and 
determination of speci?c oligonucleotide sequences located 
adjacent to Type-Ils restriction-sites. The resulting 
sequences are useful as effective markers for use in genetic 
mapping, screening and manipulation. 





Patent Application Publication Jan. 9, 2003 Sheet 2 0f 13 US 2003/0008292 A1 

6) 
HMW DNA r-————\ 3- 5 
M CTC‘I‘TCN nnnGCGTC ______ 

GAGAAGNNNN CGCAG——_" 

(cosmid or YAC DNA) 17 prom 

HMW DNA @ ; 

Amc'rc'rTcNnnnGcsTc _______ GAGAAGNNNNCGCAG _—— 
. ‘ l __ 

+ Hga l site T7 prom 

i 
T3 prom 5' 
____> 3. CTCTTCNnnnGCGTC 

GAGAAS‘ 3'GNNNNCGCAG 
@ ‘I7 prom 

cTc'r'rcNnnnécG'rc 
llllllllllillll 
GAGAAGNNNNCGCAG 

L_..l 
256 

probes 

Fig. 2 





Patent Application Publication Jan. 9, 2003 Sheet 4 0f 13 US 2003/0008292 A1 

0 

X 

. 3. 

SCTCTTCwxyzGCGTC _ 

3, 



Patent Application Publication Jan. 9, 2003 Sheet 5 0f 13 US 2003/0008292 A1 

Figure 5. 
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CAPTURING SEQUENCES ADJACENT TO 
TYPE-IIS RESTRICTION SITES FOR GENOMIC 

LIBRARY MAPPING 

[0001] This application is a continuation-in-part of US. 
application Serial No. 08/307,881 ?led Sep. 16, 1994, Which 
is hereby incorporated by reference in its entirety for all 
purposes. 

[0002] Research leading to the present invention Was 
funded in part by NIH grant Nos. 5-F32-HG00105 and R01 
HG00813-02, and the government may have certain rights to 
the invention. 

[0003] The present invention generally relates to novel 
methods for isolating, characteriZing and mapping genetic 
markers in polynucleotide sequences. More particularly, the 
present invention provides methods for mapping genetic 
material using Type-IIs restriction endonucleases. The meth 
ods herein described result in the “capturing” and determi 
nation of speci?c oligonucleotide sequences located adja 
cent to Type-IIs restriction sites. The resulting sequences are 
useful as effective markers for use in genetic mapping, 
screening and manipulation. 

BACKGROUND OF THE INVENTION 

[0004] The relationship betWeen structure and function of 
macromolecules is of fundamental importance in the under 
standing of biological systems. These relationships are 
important to understanding, for example, the functions of 
enZymes, structural proteins and signalling proteins, Ways in 
Which cells communicate With each other,, as Well as mecha 
nisms of cellular control and metabolic feedback. 

[0005] Genetic information is critical in continuation of 
life processes. Life is substantially informationally based 
and its genetic content controls the groWth and reproduction 
of the organism and its complements. The amino acid 
sequences of polypeptides, Which are critical features of all 
living systems, are encoded by the genetic material of the 
cell. Further, the properties of these polypeptides, e.g., as 
enZymes, functional proteins, and structural proteins, are 
determined by the sequence of amino acids Which make 
them up. As structure and function are integrally related, 
many biological functions may be explained by elucidating 
the underlying structural features Which provide those func 
tions, and these structures are determined by the underlying 
genetic information in the form of polynucleotide 
sequences. Further, in addition to encoding polypeptides, 
polynucleotide sequences also can be involved in control 
and regulation of gene expression. It therefore folloWs that 
the determination of the make-up of this genetic information 
has achieved signi?cant scienti?c importance. 

[0006] Physical maps of genomic DNA assist in establish 
ing the relationship betWeen genetic loci and the DNA 
fragments Which carry these loci in a clone library. Physical 
maps include “hard” maps Which are overlapping cloned 
DNA fragments (“contigs”) ordered as they are found in the 
genome of origin, and “soft” maps Which consist of long 
range restriction enZyme and cytogenetic maps (Stefton and 
GoodfelloW, 1992). In the latter case, the combination of 
rare cutting restriction endonucleases (e.g., NotI) and pulse 
gel electrophoresis alloWs for the large scale mapping of 
genomic DNAs. These methods provide a loW resolution or 
top doWn approach to genomic mapping. 
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[0007] Abottom up approach is exempli?ed by construc 
tion of contiguous or “contig” maps. Initial attempts to 
construct contig maps for the human genome have been 
based upon ordering inserts cloned into cosmids. More 
recent studies have utiliZed yeast arti?cial chromosomes 
(YACs) Which alloW for cloning larger inserts. The con 
struction of contig maps require that many clones be exam 
ined (4-5 genome equivalents) in order to assure that suf? 
cient overlap betWeen clones is achieved. Currently, four 
approaches are used to identify overlapping sequences. 

[0008] The ?rst method is restriction enZyme ?ngerprint 
ing. This method involves the electrophoretic siZing of 
restriction enZyme generated DNA fragments for each clone 
and establishing a criterion for clone overlap based on the 
similarity of fragment sets produced for each clone. The 
sensitivity and speci?city of this approach has been 
improved by labelling of fragments using ligation, and 
end-?lling techniques. The detection of repetitive sequence 
elements (e.g., [GT]n) has also been employed to provide 
characteristic markers. 

[0009] The second method generally employed in map 
ping applications is the binary scoring method. This method 
involves the immobiliZation of members of a clone library to 
?lters and hybridiZation With sets of oligonucleotide probes. 
Several mathematical models have been developed to avoid 
the need for large numbers of the probe sets Which are 
designed to detect the overlap regions. 

[0010] A third method is the Sequence Tagged Site 
(“STS”) method. This method employs PCR techniques and 
gel analysis to generate DNA products Whose lengths char 
acteriZe them as being related to common regions of 
sequence that are present in overlapping clones. The 
sequence of the primary pairs and the characteristic distance 
betWeen them provides suf?cient information to establish a 
single copy landmark (SCL) Which is analogous to single 
copy probes that are unique in the entire genome. 

[0011] A fourth method uses cross-hybridiZing libraries. 
This method involves the immobiliZation of tWo or more 
pools of cosmid libraries folloWed by cross-hybridization 
experiments betWeen pairs of the libraries. This cross 
hybridiZation demonstrates shared cloned sequences 
betWeen the library pairs. See, e.g., Kupfer, et al., (1995) 
Genomics 27:90-100. 

[0012] Although each of these methods is capable of 
generating useful physical maps of genomic DNA, they each 
involve complex series of reaction steps including multiple 
independent synthesis, labelling and detection procedures. 
[0013] Traditional restriction endonuclease mapping tech 
niques, i.e., as described above, typically utiliZe restriction 
enZyme recognition/cleavage sites as genetic markers. These 
methods generally employ Type-II restriction endonu 
cleases, e.g., EcoRI, HindIII and BamHI, Which Will typi 
cally recogniZe speci?c palindromic nucleotide sequences, 
or restriction sites, Within the polynucleotide sequence to be 
mapped, and cleave the sequence at that site. The restriction 
fragments Which result from the cleavage of separate frag 
ments of the polynucleotide (i.e., from a prior digestion) are 
then separated by siZe. Overlap is shoWn Where restriction 
fragments of the same siZe appear from Type-II endonu 
clease digestion of separate polynucleotide fragments. 

[0014] Type-IIs endonucleases, on the other hand, gener 
ally recogniZe non-palindromic sequences. Further, these 
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endonucleases generally cleave outside of their recognition 
site, thus producing overhangs of ambiguous base pairs. 
SZybalski, 1985, Gene 40:169-173. Additionally, as a result 
of their non-palindromic recognition sequences, the use of 
Type-IIs endonucleases Will generate more markers per Kb 
than a similar Type-II endonuclease, e.g., approximately 
tWice as often. 

[0015] The use of Type-IIs endonucleases in mapping 
genomic markers has been described in, e.g., Brenner, et al., 
P.N.A.S. 86:8902-8906 (1989). The methods described 
involved cleavage of genomic DNA With a Type-IIs endo 
nuclease, folloWed by polymeriZation With a mixture of the 
four deoXynucleotides as Well as one of the four speci?c 
?uorescently labelled dideoXynucleotides (ddA, ddT, ddG or 
ddC). Each successive unpaired nucleotide Within the over 
hang of the Type-IIs cleavage site Would be ?lled by either 
a normal nucleotide or the labelled dideoXynucleotide. 
Where the latter occurred, polymeriZation stopped. Thus, the 
polymeriZation reaction yields an array of double stranded 
?uorescent DNA fragments of slightly different siZes. By 
reading the siZe from smallest siZe to largest, in each of the 
nucleotide groups, one can determine the speci?c sequence 
of the overhang. HoWever, this method can be time con 
suming and yields only the sequence of the overhang region. 

[0016] Oligonucleotide probes have long been used to 
detect complementary nucleic acid sequences in a nucleic 
acid of interest (the “target” nucleic acid). In some assay 
formats, the oligonucleotide probe is tethered, i.e., by cova 
lent attachment, to a solid support, and arrays of oligonucle 
otide probes immobiliZed on solid supports have been used 
to detect speci?c nucleic acid sequences in a target nucleic 
acid. See, e.g., U.S. patent application Ser. No. 08/082,937, 
?led Jun. 25, 1993, Which is incorporated herein by refer 
ence. Others have proposed the use of large numbers of 
oligonucleotide probes to provide the complete nucleic acid 
sequence of a target nucleic acid but failed to provide an 
enabling method for using arrays of immobiliZed probes for 
this purpose. See Us. Pat. Nos. 5,202,231 and 5,002,867. 

[0017] The development of VLSIPSTM (Very Large Sub 
strate ImmobiliZed Polymer Synthesis) technology has pro 
vided methods for making very large combinations of oli 
gonucleotide probes in very small arrays. See Us. Pat. No. 
5,143,854 and PCT patent publication Nos. WO 90/15070 
and 92/ 10092, each of Which is incorporated herein by 
reference in its entirety for all purposes. U.S. patent appli 
cation Ser. No. 08/082,937, incorporated above, also 
describes methods for making arrays of oligonucleotide 
probes that can be used to provide the complete sequence of 
a target nucleic acid and to detect the presence of a nucleic 
acid containing a speci?c nucleotide sequence. 

[0018] The construction of genetic linkage maps and the 
development of physical maps are essential steps on the 
pathWay to determining the complete nucleotide sequence of 
the human or other genomes. Present methods used to 
construct these maps rely upon information obtained from a 
range of technologies including gel-based electrophoresis, 
hybridiZation, polymerase chain reaction (PCR) and chro 
mosome banding. These methods, While providing useful 
mapping information, are very time consuming When 
applied to very large genome fragments or other nucleic 
acids. There is therefore a need to provide improved meth 
ods for the identi?cation and correlation of genetic markers 
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on a nucleic acid Which can be used to rapidly generate 
genomic maps. The present invention meets these and other 
needs. 

SUMMARY OF THE INVENTION 

[0019] The present invention provides methods for iden 
tifying speci?c oligonucleotide sequences using Type-IIs 
endonucleases in sequential order to capture the ambiguous 
sequences adjacent to the Type-IIs recognition sites. These 
ambiguous sequences can then be probed sequentially With 
probes speci?c for the various combinations of possible 
ambiguous base pair sequences. By determining Which 
probe hybridiZes With an ambiguous sequence, that 
sequence is thus determined. Further, because that sequence 
is adjacent to a speci?c Type-IIs cleavage site that portion of 
the sequence is also knoWn. This contiguous sequence is 
useful as a marker sequence in mapping genomic libraries. 

[0020] In one embodiment, the present invention provides 
a method of identifying sequences in a polynucleotide 
sequence. The method comprises cleaving the polynucle 
otide sequence With a ?rst type-IIs endonuclease. A ?rst 
adapter sequence, having a recognition site for a second 
type-IIs endonuclease, is ligated to the polynucleotide 
sequence cleaved in the ?rst cleaving step. The polynucle 
otide sequence resulting from the ?rst ligating step, is 
cleaved With the second type-IIs endonuclease, and a second 
adapter sequence is ligated to the polynucleotide sequence 
cleaved in the second cleaving step. The sequence of nucle 
otides of the polynucleotide sequence betWeen the ?rst and 
second adapter sequences is then determined. 

[0021] In another embodiment, the present invention pro 
vides a method of generating an ordered map of a library of 
genomic fragments. The method comprises identifying 
sequences in each of the genomic fragments in the library, 
as described above. The identi?ed sequences in each frag 
ment are compared With the sequences identi?ed in each 
other fragment to obtain a level of correlation betWeen each 
fragment and each other fragment. The fragments are then 
ordered according to their level of correlation. 

[0022] In a further embodiment, the present invention 
provides a method of identifying polymorphisms in a target 
polynucleotide sequence. The method comprises identifying 
sequences in a Wild-type polynucleotide sequence, accord 
ing to the methods described above. The identifying step is 
repeated on the target polynucleotide sequence. The differ 
ences in the sequences identi?ed in each of the identifying 
steps are determined, the differences being indicative of a 
polymorphism. 
[0023] In still another embodiment, the present invention 
provides a method of identifying a source of a biological 
sample. The method comprises identifying a plurality of 
sequences in a polynucleotide sequence derived from the 
sample, according to the methods described herein. The 
plurality of sequences identi?ed in the identifying step are 
compared With a plurality of sequences identically identi?ed 
from a polynucleotide derived from a knoWn source. The 
identity of the plurality of sequences identi?ed from the 
sample With the plurality of sequences identi?ed from the 
knoWn source is indicative that the sample Was derived from 
the knoWn source. 

[0024] In an additional embodiment, the present invention 
provides a method of determining a relative location of a 
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target nucleotide sequence on a polynucleotide. The method 
comprises generating an ordered map of the polynucleotide 
according to the methods described herein. The polynucle 
otide is fragmented. The fragment Which includes the target 
nucleotide sequence is then determined, and a marker on the 
fragment is correlated With a marker on the ordered map to 
identify the approximate location of the target nucleotide 
sequence on the polynucleotide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 shoWs eXamples of combinations of Type 
IIs endonucleases useful in the present invention. Gaps in 
the sequence illustrate the cleavage pattern of the ?rst 
Type-IIs endonuclease, shoWn to the left, Whereas arroWs 
illustrate the cleavage points of the second Type-IIs endo 
nuclease, shoWn to the right, When the recognition site for 
that endonuclease is ligated to the ?rst cleaved sequence. 
FIG. 1 also shoWs the eXpected frequency of cleavage of the 
?rst Type-IIs endonuclease, the number of recognition sites 
in A DNA, and the siZe of the sandWiched sequence. 

[0026] FIG. 2 shoWs a schematic representation of an 
embodiment of the present invention for capturing Type-IIs 
restriction sites shoWing (1) a ?rst cleavage With EarI, (2) 
folloWed by a ligation to the 5‘ overhang of a ?rst adapter 
sequence, (3) cleavage With HgaI, (4) ligation to second 
adapter sequence folloWed by PCR ampli?cation 

[0027] FIG. 3 shoWs a schematic representation of a 
preferred embodiment of the present invention using (1) a 
?rst cleavage With EarI folloWed by DNA polymerization of 
the overhang to yield a blunt end, (2) ligation to blunt end 
?rst adapter sequence, (3) melting off the unligated adapter 
strand folloWed by DNA polymeriZation to eXtend dsDNA 
across the ?rst adapter strand, (4) cleavage With HgaI at the 
Earl recognition site, (5) ligation of second adapter sequence 
to target sequence, and (6) ampli?cation/transcription of the 
captured target sequence. 

[0028] FIG. 4 shoWs the combinatorial design for an 
oligonucleotide array used to probe a four nucleotide cap 
tured ambiguous sequence. The probes upon the array are 15 
mers having the sequence 3‘C-T-G-C-G-W-X-y-Z-C-T-T-C 
T-C 5‘, Where -W-X-y-Z- are determined by the probe’s 
position on the array. For example, the probe indicated by 
the darkened square on the array shoWn Will have the 
W-X-y-Z sequence of -A-T-G-C-. 

[0029] FIG. 5 shoWs the predicted and actual ?uorescent 
hybridiZation pattern of captured sequences from A DNA as 
described in EXample 1 upon an oligonucleotide array probe 
having the combinatorial design of FIG. 4. Panel A shoWs 
the predicted hybridiZation pattern Where the darkened 
squares indicate eXpected marker/probe hybridiZations from 
captured sequences from A DNA cut With Earl and captured 
With HgaI bearing adapter sequences. The actual ?uores 
cence of the hybridiZation is shoWn in panel B. 

[0030] FIG. 6 shoWs a portion of knoWn map of a yeast 
chromosomal library, illustrating the positions of each frag 
ment of the library Within yeast chromosome IV. 

[0031] FIG. 7A shoWs a plot of correlation coef?cient 
scores among hybridiZation patterns of yeast chromosomal 
fragments When using Type-IIs and adjacent sequences as 
markers. FIG. 7B shoWs the predicted “correlation” scores 
for EarI captured marker sequences for ?fty simulated 
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sequences from yeast chromosome III. The inner product 
scores for pair-Wise comparison of the sequences is plotted 
versus the percent overlap of the sequences. FIG. 7C shoWs 
the same simulated correlation using BbsI captured marker 
sequences. FIG. 7D shoWs a simulated correlation using 
HphI captured marker sequences. 

[0032] FIGS. 8A, 8B and 8C shoW a schematic represen 
tation of the identi?cation of polymorphic markers, using 
the methods of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0033] In general, the present invention provides novel 
methods for identifying and characteriZing sequence based 
nucleic acid markers as Well as a method for determining 
their presence. The methods may generally be used for 
generating maps for large, high molecular Weight nucleic 
acids, i.e., for mapping short clones, cosmids, YACs, as Well 
as in methods for genetic mapping for entire genomes. 
Generally, the methods of the present invention involve the 
capturing of ambiguous nucleic acid sequence segments 
using sequential cleavage With restriction endonucleases. In 
particular, the methods of the invention include a ?rst 
cleavage Which leaves ambiguous sequences doWnstream 
from the recognition site of the cleavage enZyme. A second 
type-IIs recognition site is ligated to the target sequence, and 
a second cleavage, recogniZing the second site, cleaves 
upstream from the ?rst cleavage site, Within the ?rst recog 
nition site, resulting in short sequences Which contain the 
recognition site and an ambiguous sequence “captured” 
from the target sequence, betWeen the tWo cleavage sites. 
The combination of the recognition site and the captured 
sequences are particularly useful as genetic markers for 
genomic mapping applications. 

[0034] In one embodiment, the methods of the present 
invention comprise the use of type-IIs endonucleases to 
capture sequences adjacent to the type-IIs recognition site. 
These captured sequences then become effective sequence 
based markers. More particularly, this method comprises 
?rst treating the polynucleotide sequence With a ?rst Type 
IIs endonuclease having a speci?c recognition site on the 
sequence, thereby cleaving the sequence. A ?rst “adapter 
sequence” Which comprises a second Type-IIs endonuclease 
recognition site is ligated to the cleaved sequence. The 
resulting heterologous sequence thus has an ambiguous 
sequence sandWiched betWeen tWo different Type-IIs endo 
nuclease recognition sites. This resulting sequence is then 
treated With a second Type-IIs endonuclease speci?c for the 
ligated recognition site, thereby cleaving the sequence. A 
second adapter sequence is then ligated to this cleaved 
sequence. The sequence resulting from this ligation is then 
probed to determine the sequence of the sandWiched, or 
“captured”, ambiguous sequence. 

[0035] 
[0036] Type-IIs endonucleases are generally commer 
cially available and are Well knoWn in the art. Like their 
Type-II counterparts, Type-IIs endonucleases recogniZe spe 
ci?c sequences of nucleotide base pairs Within a double 
stranded polynucleotide sequence. Upon recogniZing that 
sequence, the endonuclease Will cleave the polynucleotide 
sequence, generally leaving an overhang of one strand of the 
sequence, or “sticky end.” 

I. Type-IIs Endonucleases 
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[0037] Type-II endonucleases, however, generally require 
that the speci?c recognition site be palindromic. That is, 
reading in the 5‘ to 3‘ direction, the base pair sequence is the 
same for both strands of the recognition site. For example, 
the sequence 

[0038] is the recognition site for the Type-II endonuclease 
EcoRI, Where the arroWs indicate the cleavage sites in each 
strand. This sequence is palindromic in that both strands of 
the sequence, When read in the 5‘ to 3‘ direction are the same. 

[0039] The Type-IIs endonucleases, on the other hand, 
generally do not require palindromic recognition sequences. 
Additionally, these Type-IIs endonucleases also generally 
cleave outside of their recognition sites. For example, the 
Type-IIs endonuclease Earl recogniZes and cleaves in the 
folloWing manner: 

[0040] Where the recognition sequence is -C-T-C-T-T-C-, 
N and n represent complementary, ambiguous base pairs and 
the arroWs indicate the cleavage sites in each strand. As the 
example illustrates, the recognition sequence is non-palin 
dromic, and the cleavage occurs outside of that recognition 
site. Because the cleavage occurs Within an ambiguous 
portion of the polynucleotide sequence, it permits the cap 
turing of the ambiguous sequence up to the cleavage site, 
under the methods of the present invention. 

[0041] Speci?c Type-IIs endonucleases Which are useful 
in the present invention include, e.g., EarI, MnlI, PleI, AlWI, 
BbsI, BsaI, BsmAI, BspMI, Esp3I, HgaI, SapI, SfaNI, BbvI, 
BsmFI, FokI, BseRI, HphI and MboII. The activity of these 
Type-IIs endonucleases is illustrated in FIG. 1, Which shoWs 
the cleavage and recognition patterns of the Type-IIs endo 
nucleases. 

[0042] II. Capturing Ambiquous Sequences Adjacent to 
Type-IIs Restriction Sites 

[0043] A general schematic of the capturing of the 
ambiguous sequences is shoWn in FIGS. 2 and 3. 

[0044] Treatment of the polynucleotide sequence sought 
to be mapped With a Type-IIs endonuclease, results in a 
cleaved sequence having a number of ambiguous, or 
unknoWn, nucleotides adjacent to a Type-IIs endonuclease 
recognition site Within the target sequence. Additionally, 
Within this ambiguous region, an overhang is created. The 
recognition site and the ambiguous nucleotides are termed 
the “target sequence.” The overhang may be 2, 3, 4 or 5 or 
more nucleotides in length While the ambiguous sequence 
may be from 4 to 9 or more nucleotides in length, both of 
Which Will depend upon the Type-IIs endonucleases used. 
Examples of speci?c Type-IIs endonucleases for this ?rst 
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cleavage include BsmAI, EarI, MnlI, PleI, AlWI, BbsI, BsaI, 
BspMI, Esp3I, HgaI, SapI, SfaNI, BseRI, HphI and MboII. 
Again, these ?rst Type-IIs endonucleases and their cleavage 
patterns are shoWn in FIG. 1, Where the shaded region to the 
left illustrates the recognition site of the ?rst Type-IIs 
endonuclease, and gaps in the sequence illustrate the cleav 
age pattern of the enZyme. Cleavage of high molecular 
Weight DNA With EarI leaves an overhang of three ambigu 
ous base pairs, as shoWn in FIGS. 2 and 3, step 1. The 
recognition site of Earl is indicated by the bar. Thus, EarI 
cleavage of the target nucleic acid Will produce a sequence 
having the folloWing cleavage end: 

[0045] The overhanging bases are then ?lled in. This is 
preferably carried out by treatment of the target sequence 
With a DNA polymerase, such as KlenoW fragment or T4 
DNA polymerase, resulting in a blunt end sequence as 
shoWn in FIG. 3, step 1. Alternatively hoWever, the over 
hang may be ?lled by the hybridiZation of this overhang With 
an adapter sequence having an overhang complementary to 
that of the target sequence, as shoWn in FIG. 2, step 2. A 
tagging scheme, similar to this latter method has been 
described. See, D. R. Smith, PCR Meth. and Appl. 2:21-27 
(1992). 
[0046] FolloWing cleavage and ?ll in of the overhang 
portion, an adapter sequence is typically ligated to the 
cleavage end. The adapter sequences described in the 
present invention generally are speci?c polynucleotide 
sequences prepared for ligation to the target sequence. In 
preferred embodiments, these sequences Will incorporate a 
second type-IIs restriction site. Ligation of an adapter 
including a HgaI recognition site is shoWn in FIGS. 2 and 
3, step 2. The adapter sequences are generally prepared by 
oligonucleotide synthesis methods generally Well knoWn in 
the art, such as the phosphoramidite or phosphotriester 
methods described in, e.g., Gait, Oligonucleotide Synthesis: 
A Practical Approach, IRL Press (1990). 

[0047] An adapter sequence prepared to include a second 
type-IIs recognition site, for example, the HgaI recognition 
site 3‘-C-G-C-A-G-5‘ Would be ligated to the cleaved target 
sequence to provide a cleavage site on the other end of the 
ambiguous sequence. For example, ligation of the HgaI 
adapter to the target sequence Would produce the folloWing 
sequence having the cleavage pattern shoWn: 

T 

[0048] In addition to the Type-IIs recognition sites, pre 
ferred adapter sequences Will also generally include PCR 
primers and/or promoter sequences for in vitro transcription, 
thereby facilitating ampli?cation and labeling of the target 
sequence. 

[0049] The method of ligation of the ?rst adapter sequence 
to the target sequence may be adapted depending upon the 
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particular embodiment practiced. For example, Where liga 
tion of the ?rst adapter sequence is to the overhang of the 
target sequence, as shoWn in FIG. 2, step 2, the adapter 
sequence Will generally comprise an overhang Which is 
complementary to the overhang of the target sequence. For 
this embodiment, a mixture of adapter sequences Would 
generally be used Wherein all possible permutations of the 
overhang are present. For example, the number of speci?c 
probe sequences Will typically be about 4rn Where m is the 
number of overhanging nucleotides. For example, Where the 
target sequence after the ?rst cleavage has a 4 base pair 
overhang of ambiguous nucleotides, the mixture of 
sequences Would typically comprise adapters having 
upWards of 44, or 256 different overhang sequences. Where 
the overhang in question includes greater numbers of nucle 
otides, the adapters Would generally be provided in tWo or 
more separate mixtures to minimiZe potential ligation of the 
adapters Within each mixture. For example, one set of 
adapters may incorporate a pyrimidine nucleotide in a given 
position of the overhang for all adapters in the mixture 
Whereas the other set Will have a purine nucleotide in that 
position. As a result, ligation of the adapters to adapters in 
the same mixture Will be substantially reduced. For longer 
overhang sequences, it may often be desirable to provide 
additional separate mixtures of adapters. Ligation of the 
adapter sequence to the target sequence is then carried out 
using a DNA ligase according to methods knoWn in the art. 

[0050] Where the overhang of the target sequence is ?lled 
in by KlenoW fragment polymeriZation, as in FIG. 3, step 1, 
a blunt end adapter sequence is ligated to the target 
sequence. See, FIG. 3, step 2. Because a blunt end ligation 
is used rather than an overhang, a mixture of hybridiZable 
sequences is unnecessary, and a single adapter sequence is 
used. Further, this method avoids any hybridiZation betWeen 
the overhangs in the mixture of adapter sequences. 

[0051] Using this method, the polymeriZed target 
sequence Will be phosphorylated on only the 5‘ strand. 
Further, as the adapter Will have only 3‘ and 5‘ hydroxyls for 
ligation, only the 3‘ end of the adapter Will be ligated to the 
blunt, phosphorylated 5‘ end of the target sequence, leaving 
a gap in the other strand. The unligated strand of the adapter 
sequence may then be melted off and the remaining poly 
nucleotide again treated With DNA polymerase, e.g., Kle 
noW or E. coli DNA polymerase, as shoWn in FIG. 3, step 
3, resulting in a double-stranded, heterologous polynucle 
otide. This polynucleotide has the ambiguous nucleotide 
sequence sandWiched betWeen the ?rst Type-IIs endonu 
clease recognition site (“site A”), and the second, ligated 
Type-IIs recognition site (“site B”). One skilled in the art 
Will recogniZe that approximately half of the adapter 
sequences Will ligate to the target sequence in an inverted 
orientation. HoWever, this does not affect the results of the 
methods of the present invention due to the inability of the 
second type-IIs enZyme to cleave the target sequence in 
those cases Where the adapter is inverted. This is discussed 
in greater detail, beloW. 

[0052] The polynucleotide resulting from ligation of this 
?rst adapter sequence to the target sequence is then treated 
With a second Type-II endonuclease speci?c for the ligated 
recognition site B. This second endonuclease treatment 
cleaves the remainder of the original polynucleotide from 
the target sequence. In preferred aspects, the second type-IIs 
endonuclease Will be selected, or the second recognition site 
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Will be positioned Within the adapter sequence, Whereby the 
cleavage pattern of the second Type-IIs endonuclease results 
in the second cleavage substantially or entirely overlapping 
the ?rst recognition site A, i.e., the cleavage of each strand 
is Within or adjacent to the ?rst recognition site (site A). 
FIG. 2, step 3, and FIG. 3, step 4 shoW the cleavage of the 
polynucleotide using HgaI (the HgaI recognition site is 
shoWn by the bar). Where the adapter sequence is ligated in 
a reverse orientation, as previously noted, no cleavage Will 
occur Within the ?rst recognition site, as the recognition site 
Will be at the distal end of the adapter sequence. Further, any 
primer sequences present Within this adapter Will be inverted 
preventing subsequent ampli?cation. By selecting a second 
Type-IIs endonuclease different from the ?rst, recleavage of 
the ?rst cleavage site is avoided. Selection of an appropriate 
type-IIs endonuclease for the second cleavage, and thus, the 
appropriate recognition site for the ?rst adapter sequence, 
may often depend upon the ?rst endonuclease used, or as 
described above, the position of the recognition site Within 
the adapter. In preferred aspects, the ?rst and second type-IIs 
endonucleases are selected Whereby the second endonu 
clease cleaves entirely Within the ?rst endonucleases recog 
nition sequence. Examples of Type-IIs endonucleases for the 
second cleavage generally include those described above, 
and are typically selected from HgaI, BbvI, BspMI, BsmFI 
and FokI. Particularly preferred combinations of Type-IIs 
endonucleases for the ?rst and second cleavages, as Well as 
their cleavage patterns are shoWn in FIG. 1. Continuing With 
the previous example, HgaI cleavage of the sample target 
sequence Would produce the folloWing sequence having the 
ambiguous base pairs captured by the ?rst adapter sequence: 

[0053] Depending upon the type-IIs endonucleases used in 
each step, the sequence of the overhang is knoWn. For 
example, in the above example, the HgaI cleavage site for 
the second endonuclease is Within the ?rst endonuclease’s 
recognition site, e.g., the Earl site. An example of a knoWn 
overhang sequence is demonstrated in FIGS. 2 and 3, steps 
4 and 5, respectively. 

[0054] As noted, in the preferred aspects the second cleav 
age site substantially or entirely overlaps the ?rst recogni 
tion site A. Accordingly, the number of possible hybridiZing 
sequences for this ligation step is rendered unique. The 
speci?c recognition site A of the ?rst Type-IIs endonuclease 
is knoWn. Thus, Where the second cleavage occurs entirely 
Within the ?rst recognition site A, only the unique sequences 
hybridiZing to that sequence Would be used. On the other 
hand, Where the second cleavage occurs to some extent 
outside of the ?rst recognition site A, a mixture of speci?c 
adapter sequences hybridiZable to all possible permutations 
of nucleotides outside of site A is used. For example, Where 
cleavage incorporates one nucleotide outside of the ?rst 
recognition site, the four variations to the knoWn sequence 
are possible and a mixture of adapter sequences hybridiZable 
to all four is used (See, e.g., MnlI-HgaI enZyme pairing in 
FIG. 1). The number of bases included in the second 
cleavage Which fall outside the ?rst recognition site is 
readily determinable from the endonucleases used. 
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[0055] As With the ?rst adapter sequence, the second 
adapter sequence may comprise a PCR primer sequence 
and/or a promoter sequence for in vitro transcription. 

[0056] The resulting target sequence Will thus have the 
target sequence, speci?cally, an ambiguous sequence 
attached to a portion or all of the ?rst recognition site, 
sandwiched or captured betWeen the tWo adapter sequences. 
For example, the resulting target sequence Will generally 
have the general sequence: 

(Adapter sequence/A)—(Ambiguous sequence)—(B/ 
Adapter sequence) 

[0057] Where Ais a portion or all of the recognition site for 
the ?rst Type-IIs endonuclease, and B is the recognition site 
for the second Type-IIs endonuclease. Again, applying the 
previous example, the resulting target sequence Would 
appear as folloWs: 

1 

[0058] The sequence -C-T-C-T-T-C-N-N-N-N- is captured 
from the original target sequence and sandWiched betWeen 
the tWo adapter sequences. 

[0059] Prior to probing, the target sequence Will generally 
be ampli?ed to increase the detectability of the sequence. 
Ampli?cation is generally carried out by methods Well 
knoWn in the art. See FIGS. 2 and 3, steps 5 and 6, 
respectively. For example, ampli?cation may be performed 
by Way of polymerase chain reaction (PCR) using methods 
generally Well knoWn in the art. See, e.g., Recombinant 
DNA Methodology, Wu, et al., ed., Academic Press (1989), 
Sambrook, et al., Molecular Cloning: A Laboratory Manual 
(2nd ed.), vols. 1-3, Cold Spring Harbor Laboratory, (1989), 
Current Protocols in Molecular Biology, F. Ausubel, et al., 
ed., Greene Publishing and Wiley Interscience, NeW York 
(1987 and periodic updates). As described earlier, this ampli 
?cation may be facilitated by the incorporation of speci?c 
primer sequences or complements Within the adapters. Fur 
ther, such ampli?cation may also incorporate a label into the 
ampli?ed target sequence. In a preferred embodiment, the 
target sequence may be ampli?ed using an asymmetric PCR 
method Whereby only the strand comprising the appropriate 
recognition site A is ampli?ed. Asymmetric ampli?cation is 
generally carried out by use of primer Which Will initiate 
ampli?cation of the appropriate strand of the target 
sequence, i.e., the target sequence. 

[0060] The ampli?ed target sequence may then be probed 
using speci?c oligonucleotide probes capable of hybridiZing 
to the (A)-(ambiguous sequence)-(B) target sequence. As 
both the A and B sequences are set by the capturing method 
and are knoWn, the probes need only differ With respect to 
the ambiguous portion of the sequence to be probed. For 
example, using the example sequence provided above, 
assuming that one is probing With the top strand, e.g., the 
bottom strand Was ampli?ed by appropriate selection of 
primers, etc., the probes Would generally have the sequence 
C-T-C-T-T-C-n-n-n-n-G-C-G-T-C, Where n denotes every 
possible base at the particular position, e.g., A, T, G, C. The 
preparation of oligonucleotide probes is performed by meth 

Jan. 9, 2003 

ods generally knoWn in the art. See, Gait, Oligonucleotide 
Synthesis: A Practical Approach, IRL Press (1990). Addi 
tionally, these oligonucleotide probes may be labelled, i.e., 
?uorescently or radioactively, so that probes Which hybrid 
iZe With target sequences can be detected. In preferred 
aspects, hoWever, the probes Will be immobiliZed, and it Will 
be the target that is labelled. Labelling of the target sequence 
may be carried out using knoWn methods. For example, 
ampli?cation of the target sequence can incorporate a label 
into the ampli?ed target sequence, e.g., by use of a labelled 
PCR primer or by incorporating a label during in vitro 
transcription of either strand. 

[0061] In the preferred embodiment of the present inven 
tion, the target sequence is probed using an oligonucleotide 
array. Through the use of these oligonucleotide arrays, the 
speci?c hybridiZation of a target sequence can be tested 
against a large number of individual probes in a single 
reaction. Such oligonucleotide arrays employ a substrate, 
comprising positionally distinct sequence speci?c recogni 
tion reagents, such as polynucleotides, localiZed at high 
densities. A single array can comprise a large number of 
individual probe sequences. Further, because the probes are 
in knoWn positionally distinct orientations on the substrate, 
one need only examine the hybridiZation pattern of a target 
oligonucleotide on the substrate to determine the sequence 
of the target oligonucleotide. Use and preparation of these 
arrays for oligonucleotide probing is generally described in 
PCT patent publication Nos. WO 92/10092, WO 90/15070, 
US. patent application Ser. Nos. 08/143,312 and 08/284, 
064. Each of these references is hereby incorporated by 
reference in its entirety for all purposes. 

[0062] As noted, the target sequence Will have the general 
sequence: 

(Adapter sequence/A)—(Nk)— (B/Adapter sequence) 

[0063] Where Nk denotes the ambiguous sequence of 
nucleotides of length k, and the nucleotide sequence of each 
adapter sequence is knoWn and the sequence of sites A and 
B are knoWn. Only the nucleotide sequence of the ambigu 
ous portion of the target sequence, Nk is not knoWn. Thus, 
the number of probes required on the array substrate is 
generally related to the number of ambiguous nucleotides in 
the target sequence. In one embodiment, the number of 
potential sequences for an ambiguous sequence is 41‘, Where 
k is the number of ambiguous bases Within the sequence. For 
example, Where there are four ambiguous nucleotides Within 
the target sequence, the array Would generally include about 
44 or 256 or more separate probes, Where each probe Will 
include the general sequence: 

(A')-(N'k)-(B') 

[0064] Where “A‘” and “B‘” are the complements to site-A 
and site-B of the target sequence, respectively and are 
constant throughout the array, and “N; generally represents 
all potential sequences of the length of the ambiguous 
sequence of the target sequence. Thus, Where the ambiguous 
sequence contains, e.g., 4 nucleotides, “N‘k” Would typically 
include, for example, 44 different sequences, at least one of 
Which Will hybridiZe With the target sequence. On an oli 
gonucleotide array, this is accomplished through a simple 
combinatorial array like that shoWn in FIG. 4. Typically, as 
the siZe of the ambiguous sequence increases, the number of 
probes on the array Will also increase, e.g., Where the 














