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(57) ABSTRACT 

It is an object of the present invention to provide a solution 
to problems associated With the use of microarray technol 
ogy for the analysis DNA. The present invention provides 
compositions and methods for the use of simple and com 
pound representations of DNA in microarray technology. 
The present invention is also directed to methods for the 
production of High Complexity Representations (HCRs) of 
the DNA from cells. 
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USE OF REPRESENTATIONS OF DNA FOR 
GENETIC ANALYSIS 

[0001] This application claims the bene?t of International 
Patent Application No. PCT/US98/23168, Which claims 
bene?t of US. Provisional Application No. 60/064,358, ?led 
30 Oct. 1997, each of Which is incorporated herein in its 
entirety. 
[0002] This invention Was made With Government support 
under Contract Nos. 5R35 CA 39829-13 and 5P50 CA 
68425-03 aWarded by the National Institutes of Health. The 
Government has certain rights to this invention. 

1. FIELD OF THE INVENTION 

[0003] The ?eld of the invention is genetic analysis. 

2. BACKGROUND OF THE INVENTION 

2.1. MICROARRAY TECHNOLOGY 

[0004] Although global methods for genomic analysis, 
such as karyotyping, determination of ploidy, and more 
recently comparative genomic hybridiZaton (CGH) (Feder et 
al.,1998, Cancer Genet. Cytogenet. 102:25-31; Gebhart et 
al., 1998, Int. J. Oncol. 12:1151-1155; Larramendy et al., 
1997,Am. J. Pathol. 151:1153-1161; Lu et al., 1997, Genes 
Chromosomes Cancer 20:275-281, all of Which are incor 
porated herein by reference) have provided useful insights 
into the pathophysiology of cancer and other diseases or 
conditions With a genetic component, and in some instances 
have aided diagnosis, prognosis and selection of treatment, 
current methods do not afford a level of resolution of greater 
than can be achieved by standard microscopy, or about 5-10 
megabases. Moreover, While many particular genes that are 
prone to mutation can be used as probes to interrogate the 
genome in very speci?c Ways (Ford et al., 1998,Am. J. Hum. 
Genet. 62:676-689; Gebhart et al., 1998, Int. J. Oncol. 
12:1151-1155; Hacia et al., 1996, Nat. Genet. 14:441-447, 
all of Which are incorporated herein by reference), this 
one-by-one query is an inef?cient and incomplete method 
for genetically typing cells. 

[0005] With the advent of microarray, or “chip” technol 
ogy, it is noW clearly possible to contemplate obtaining a 
high resolution global image of genetic changes in cells. 
TWo general approaches can be conceived. One is to pro?le 
the expression pattern of the cell using microarrays of cDNA 
probes (DeRisi et al., 1996, Nat. Genet. 14:457-460). This 
method is very likely to yield useful information about 
cancer, but suffers limitations. First, the interpretation of the 
data obtained and its correlation With disease process is 
likely to be a complex and difficult problem: multiple 
changes in gene expression Will be observed that are not 
relevant to the disease of interest. Second, our present cDNA 
collections are not complete, and any chip is likely to be 
obsolete in the near future. Third, While a picture of the 
current state of the cell might be obtained, there Would be 
little direct information about hoW the cell arrived at that 
state. Lastly, obtaining reliable mRNA from biopsies is 
likely to be a dif?cult problem, because RNA is very 
unstable and undergoes rapid degradation due to the pres 
ence of ubiquitous RNAses. 

[0006] The second approach is to examine changes in the 
cancer genome itself. DNA is more stable than RNA, and 
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can be obtained from poorly handled tissues, and even from 
?xed and archived biopsies. The genetic changes that occur 
in the cancer cell, if their cytogenetic location can be 
suf?ciently resolved, can be correlated With knoWn genes as 
the data bases of positionally mapped cDNAs mature. Thus, 
the information derived from such an analysis is not likely 
to become obsolete. The nature and number of genetic 
changes, can provide clues to the history of the cancer cell. 
Finally, a high resolution genomic analysis may lead to the 
discovery of neW genes involved in the etiology of the 
disease or disorder of interest. 

[0007] Microarrays typically have many different DNA 
molecules, often referred to as probes, ?xed at de?ned 
coordinates, or addresses, on a ?at, usually glass, support. 
Each address contains either many copies of a single DNA 
probe, or a mixture of different DNA probes, and each DNA 
molecule is usually 2000 nucleotides or less in length. The 
DNAs can be from many sources, including genomic DNA 
or cDNA, or can be synthesiZed oligonucleotides. For clarity 
and brevity, We refer to those chips With genomic or cDNA 
derived probes as DNA chips and those chips With synthe 
siZed oligonucleotide probes as oligo chips, respectively. 
Chips are typically hybridiZed to samples, applied as single 
stranded nucleic acids in solution. 

[0008] The extent of hybridiZation With samples at a given 
address is determined by many factors including the con 
centration of complementary sequences in the sample, the 
probe concentration, and the volume of sample from Which 
each address is able to capture complementary sequences by 
hybridiZation. We refer to this volume as the diffusion 
volume. Because the diffusion volume, and hence, the 
potential hybridiZation signal, may vary from address to 
address in the hybridiZation chamber, the probe array is most 
accurate as a comparator, measuring the ratio of hybridiZa 
tion betWeen tWo differently labeled specimens (the sample) 
that are thoroughly mixed and therefore share the same 
hybridiZation conditions, including the same diffusion vol 
ume. Typically the tWo specimens Will be from diseased and 
disease free cells. 

[0009] We distinguish betWeen compound and simple 
DNAprobe arrays based on the nucleotide complexity of the 
probes at each address. When this nucleotide complexity is 
less than or equal to about 1.2 kb per address, We speak of 
simple DNA probe arrays. When it exceeds 1.2 kb per 
address, We speak of compound probe arrays. Simple probe 
arrays are currently able to detect cDNA species that are 
present at 2 to 10 copies of mRNA per cell When contacted 
With a solution containing a total cDNA concentration of 1 
mg/ml. The threshold of detection of a given species is 
estimated to be in the range of 4 to 20 ng/ml. Because a 
simple probe array is generally able to capture only a single 
species of DNA from the sample, this detection threshold 
poses a problem for the use of simple DNA probe arrays for 
analysis of genomic DNA. The concentration of a unique 
700 bp fragment of human genomic DNA (Which has a total 
complexity of about 3000 mb) in a solution of total genomic 
DNA dissolved at its maximum concentration of 8 mg/ml 
Would be about 2 ng/ml, just beloW the loWer estimate of the 
threshold of detection. Hence, in its unaltered format, the 
simple DNA probe chip Would not suf?ce for the robust 
detection of genomic sequences. 

[0010] The compound chip partially addresses this prob 
lem by increasing the nucleotide complexity of different 
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probes at a given address, allowing for the capture of several 
species of DNA fragments at a single address. The signals of 
the different captured species combine to yield a detectable 
level of hybridization from genomic DNA. Present forms of 
compound probe arrays place the insert found in a single 
clone of a megacloning vector, such as a BAC, at each 
address. Because each address contains fragments derived 
from the entire BAC clone, several problems are created. 
The presence of repeat elements in the genomic inserts 
requires quenching With cold unlabeled DNA. Also, the 
great siZe of the megacloning vector inserts limits the 
positional resolution. For example, in the case of a com 
pound probe array made of BACs, hybridiZation to a par 
ticular address reveals only to Which BAC the hybridiZing 
sequence is complementary, and does not reveal the speci?c 
complementary gene or sequence Within that BAC. Another 
draWback is the presence of DNA derived from the mega 
cloning vector and host sequences. The steps of excising and 
purifying the genomic DNA inserts from the vector and host 
sequences complicate and hinder rapid fabrication of 
microarrays. 

2.2. PROBLEMS ASSOCIATED WITH GENETIC 
ANALYSIS 

[0011] Analysis of the genetic changes in human tumors is 
often problematic because of the presence of normal stroma. 
Samples of tumor tissue are often contaminated With non 
cancerous cells, making isolation and study of tumor cell 
DNA difficult. While either microdissection or How cytom 
etry can produce small samples highly enriched for tumor 
cells or nuclei, the amount of extracted DNA recoverable 
from such enriched samples is insufficient for most uses. 

[0012] One technique Which can be used on small samples 
is representational difference analysis (RDA). (US. Pat. No. 
5,436,142, Lisitsyn et al., 1993, Science 259:946-951) RDA 
is a subtractive DNA hybridiZation technique that is useful, 
e.g., to discover the differences betWeen paired normal and 
tumor genomes. The ?rst step of RDA requires making an 
“amplicon representation”, Which is a highly reproducible 
simpli?cation and ampli?cation of a DNA population. Typi 
cally, an amplicon representation is a set of restriction 
endonuclease fragments of a limited siZe range generated by 
PCR (polymerase chain reaction). PCR generates suf?cient 
amounts of DNA for subsequent processing, on the order of 
100 ug, starting from as little as 3 ng of DNA (the amount 
of DNA isolatable from about 1000 cells). 

[0013] One limitation of the amplicon useful in RDA is 
that an amplicon representation With much loWer complexity 
than that of the genome from Which the amplicon is derived 
is needed to enable the subtractive hybridiZation to proceed 
effectively. Such loW complexity representations (LCRs) do 
not “capture” enough (typically, 7% or less) of the genome 
to be generally useful for other applications. The complexity 
of the representation is related to the frequency of cutting of 
the restriction enZyme used to generate the genomic frag 
ments, combined With the ampli?cation reaction steps, e.g., 
PCR, Which tend to favor the smaller fragments. 

[0014] Whole genome ampli?cation (WGA) is a method 
by Which more complex ampli?cations of the DNA from 
minute samples are generated. (Sun et al., 1995, Nucleic 
Acids Res. 23(15):3034-3040, Barrett et al., 1995, Nucleic 
Acids Res. 23(17):3488-3492.) In WGA, PCR is performed 
on DNA isolated from small amounts of sample using 
random primers. 
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[0015] There are at least three disadvantages to the WGA 
method: 

[0016] 1. The ampli?ed DNA can not be used for 
Southern analysis. 

[0017] Because more than one primer can bind to a single 
gene, a heterogenous mixture of different siZed fragments 
can be generated from a single gene. This Would result in a 
smear, not a band, being detected by Southern hybridiZation. 

[0018] 2. Due to the random nature of the ampli? 
cation, each ampli?cation results in a different mix 
ture of fragments. Therefore the ampli?cation is not 
reliably reproducible. This makes the use of such 
Whole genomic ampli?cations for the purposes of 
sample to sample comparisons difficult. 

[0019] 3. Whole genomic ampli?cations are not use 
ful for quantitating the copy number of genes present 
in the original sample. Because the primers are 
random, the representation of each gene can vary 
greatly With respect to the other genes. Thus, the 
abundance of each gene relative to other genes in the 
original sample is not preserved during the ampli? 
cation, making quantitation of copy number impos 
sible. 

[0020] Thus, there continues a long felt need for a method 
of obtaining amounts of genetic material from scant 
genomic samples to enable genetic analysis of small samples 
using techniques Which previously Were inapplicable due to 
the limited amount of DNA isolatable from such samples. 
There is also a long felt need for a method of amplifying and 
storing DNA from scant, nonreneWable sources. 

3. SUMMARY OF THE INVENTION 

[0021] It is an object of the present invention to provide a 
solution to problems associated With the use of microarray 
technology for the analysis DNA. The present invention 
provides compositions and methods for the use of simple 
and compound representations of DNA in microarray tech 
nology. A representation of DNA is a sampling of DNA 
produced by a restriction endonuclease digestion of genomic 
or other DNA, folloWed by linkage of adaptors and then 
ampli?cation With primers complementary to the adaptors. 
The DNA may be from any source. Sources from Which 
representations can be made include, but are not limited to, 
genomic or cDNA from tumor biopsy samples, including 
breast cancer and prostate cancer biopsies, normal tissue 
samples, tumor cell lines, normal cell lines, cells stored as 
?xed specimens, autopsy samples, forensic samples, paleo 
DNA samples, microdissected tissue samples, isolated 
nuclei, and fractionated cell or tissue samples. 

[0022] Representation of the genome results in a simpli 
?cation of its complexity; the genomic complexity of a 
representation can range from beloW 1% to as high as 95% 
of the total genome. This simpli?cation alloWs for desirable 
hybridiZation kinetics. Probes from representations of 
genomic DNA can be used as the probe of the microarray, 
and as the labeled sample hybridiZed to any microarray, 
hoWever derived. Because formation of a representation 
involves the step of amplifying the DNA via an ampli?ca 
tion reaction, such as the polymerase chain reaction, ligase 
chain reaction, etc., very small amounts of DNA can be used 
as starting material. The use of compound representations, 
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de?ned as a representation of a representation, is also 
provided by the present invention. As is fully described 
below, compound representations can be used, for example, 
to screen for polymorphisms. 

[0023] In addition, representational difference analysis 
(RDA), can be used for the ef?cient removal of vector and 
host sequences When constructing microarrays from mega 
cloning vectors. RDA may also be used to remove any 
knoWn, unWanted sequences from the representation, 
including repetitive sequences. 

[0024] As used herein, the term “simple representation” 
refers to a sampling of DNA produced by a restriction 
endonuclease digestion of genomic or other DNA, folloWed 
by linkage of adaptors and then ampli?cation With primers 
complementary to the adaptors. 

[0025] As used herein, the term “compound representa 
tion” refers to a representation of a representation. 

[0026] The present invention is also directed to methods 
for the production of High Complexity Representations 
(HCRs) of the DNA from cells. In one embodiment, the 
HCR is made by completely digesting a small amount of 
DNA from any source With a relatively frequent cutting 
restriction endonuclease, ligating adaptor oligonucleotides 
to the ends of the resulting fragments, and amplifying the 
fragments, for example by PCR, using primers to said 
adaptor oligonucleotides. 

[0027] In another embodiment, the HCR is made by 
completely digesting a small amount of DNA from any 
source With at least tWo restriction endonucleases, ligating 
adaptor oligonucleotides to the ends of the resulting frag 
ments, and amplifying the fragments, for example by PCR, 
using primers to said adaptor oligonucleotides. 

[0028] HCRs can represent from 20% to 95% of the 
genome, depending on the restriction enZyme or enZymes 
used, and the conditions of the PCR ampli?cation. 

[0029] Sources from Which HCR’s can be made include, 
but are not limited to, tumor biopsy samples, including 
breast cancer and prostate cancer biopsies, normal tissue 
samples, tumor cell lines, normal cell lines, cells stored as 
?xed specimens, autopsy samples, forensic samples, paleo 
DNA samples, microdissected tissue samples, isolated 
nuclei, and fractionated cell or tissue samples. 

[0030] HCRs are useful for, but not limited to, determining 
gene copy number, deletion mapping, determining loss of 
heteroZygosity, comparative genomic hybridiZation, and 
archiving of DNA. 

4. BRIEF DESCRIPTION OF THE FIGURES 

[0031] The present invention may be more fully under 
stood by reference to the folloWing detailed description of 
the invention, examples of speci?c embodiments of the 
invention and the appended ?gures in Which: 

[0032] FIGS. 1(A-B) illustrates the results of PCR reac 
tions designed to quantitate the complexity of HCRs. Panel 
A shoWs a gel on Which the products of PCR reactions have 
been separated and visualiZed. The PCR reactions Were 
performed using probes chosen randomly from an assort 
ment of sequence tags, representing sequences knoWn to be 
present in the human genome. This sequence tag is present 
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in all of the HCRs produced from 14 tumor biopsy normals 
obtained by sorting (numbered 1-14). M represents the 
marker ¢x174 HaeIII digested. G denotes tWo different 
genomic DNAs used as positive controls, and—denotes a 
reaction Which contained no DNA. Panel B shoWs the 
products of reactions performed on HCRs With 6 probes 
chosen randomly from an assortment of sequence tags, 
representing sequences knoWn to be present in the human 
genome. The presence of these sequence tags in genomic 
DNA (G), HCR (H), and no DNA Was tested. The HCR did 
not contain 2 of the 6 sequence tags assayed, as can be seen 
by the absence of a band in the HCR lane under the numbers 
2 and 5. M represents the marker <|>x174 HaeIII. 

[0033] FIGS. 2(A-B) illustrates an analysis of copy num 
ber using loW (LCR) and high (HCR) complexity represen 
tations and genomic DNA (Genomic) for several ampli?ed 
loci (cycD1, c-erB2, and c-myc each denoting the respective 
locus). Panel a is a Southern blot comparing tumor cell lines 
(T) to normal DpnII represents the HCRs and BglII 
represents the LCRs. The lane marked probe denotes the free 
probe used as a marker. The probes used for hybridiZation 
Were derived from small BglII fragments isolated from P1 
clones speci?c for each locus respectively. FIG. 2B repre 
sents the quantitation of the above described Southern blots 
comparing the amount of ampli?cation of high and loW 
complexity representations With genomic DNA cut With the 
same restriction enZyme used to generate each representa 
tion. 

[0034] FIG. 3 illustrates the use of HCRs for deletion 
mapping. ShoWn is the deletion mapping of 7 tumor cell 
lines (designated 1-7) Which already display a knoWn dele 
tion pattern for several probes from the human genomic 
region 20p11. The deletion pattern of the DpnII HCRs 
(denoted HCR) is compared to the DpnII digest of the 
genomic DNA (denoted Genomic). 
[0035] FIG. 4 illustrates a comparison of primary tumor 
biopsies by HCR Southern blotting analysis. Primary tumor 
biopsy HCRs (denoted by a number preceded by BBR, 
CHTN, or NSBR) from matched diploid (Dpl) and aneup 
loid (Anu) Were compared by Southern blot analysis. The 
c-myc probe Which Was hybridiZed Was the same as that 
used in FIG. 2. 

[0036] FIG. 5 illustrates the results of a quantitative PCR 
analysis of HCRs. Diploid (Dpl) and aneuploid (Anu) HCRs 
derived from sorted primary tumor biopsies Were used as 
template for QPCR analysis. Probes from several genomic 
regions (FHIT, p16, and c-erB2) Were used to determine 
copy number in several HCRs. The data from the ABI 7700 
Sequence Detector Was analyZed With MS Excel to produce 
the graphs shoWn. The X axis represents the cycle number 
during the reaction and the Y axis denotes the ?uorescence 
produced. 

[0037] FIG. 6 illustrates the use of HCRs for LOH analy 
sis. ShoWn is LOH analysis carried out on HCRs derived 
from sorted primary tumor biopsies, Where Dpl denotes 
diploid and Anu denotes aneuploid. The primers used in the 
reaction amplify a fragment from the p53 locus Which 
contains a tetranucleotide repeat. +Gen denotes a mixed 
population normal genomic DNA Which Was used as posi 
tive control and +HCR denotes the HCR produced from this 
mixed normal genomic DNA. —lane represents a reaction 
Which no template Was added. 










































