
US 20040157220A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0157220 A1 

Kurnool ct al. (43) Pub. Date: Aug. 12, 2004 

(54) METHODS AND APPARATUS FOR SAMPLE (52) US. Cl. ............................................. .. 435/6; 435/912 
TRACKING 

(57) ABSTRACT 

(76) Inventors plljlgljnlgatfu‘gnooknmxrsrbo?juhdbs _ A method and apparatus are provided for identifying a 
gem); Bgnlzs Aur’m Arrlbor 521 (US() )’ biological sample obtained during either paternity screening, 

’ ’ genetic screening, prenatal diagnosis, presymptomatic diag 
correspondence Address: nosis, diagnosis to detect the presence of a target microor 
JONES DAY ganism carrier detection analysis, forensic chemical analy 
51 Louisiana Aveue’ N_W sis, or diagnosis of a subject to determine Whether a subject 
WASHINGTON’ DC 20001_2113 (Us) is afflicted With a particular disease or disorder, or is at risk 

of developing a particular disorder, Wherein the result 
(21) APPL NO: 10/360,854 obtained from the analysis is associated With the unique 

DNA ?ngerprint biological barcode of the genotype of the 
(22) Filed; Feb 10, 2003 subject being analyzed. The methods and apparatus of the 

(51) 

Publication Classi?cation 

Int. Cl.7 ............................ .. C12Q 1/68; C12P 19/34 

invention have application in the ?elds of diagnostic medi 
cine, disease diagnosis in animals and plants, identi?cation 
of genetically inherited diseases in humans, family relation 
ship analysis, forensic analysis, and microbial typing. 



Patent Application Publication Aug. 12, 2004 Sheet 1 0f 9 US 2004/0157220 A1 

Select Loci on the 
Collect Sample Human Genome 

‘ v Design‘Primers Package & 

Chain Reaction Confidence Necessary 

Log&identiiy v 
Sampie Separate Products 

by Electrophoresis 

Extract DNA by r 
Organic Extraction pattern 0‘ “Peaksr 

: DNA ?ngerprint 

Purity DNA From 
Cell/Protein Debris 

L'_ 

Fig. 1 



Patent Application Publication Aug. 12, 2004 Sheet 2 0f 9 US 2004/0157220 A1 

maternal paternal 

7 8 9 10 11 12 13 14 

Grandfather Grandmother Grandfather Grandmother 

7 9 12 14 

Mother Father 

7 12 7 14 9 12 9 14 

Child A Child B Child C Child D 

Fig. 2 



Select Loci 
Design Primers 

Patent Application Publication Aug. 12, 2004 Sheet 3 0f 9 US 2004/0157220 A1 

Collect Sample 

t l 

Separate Human Separate Target 
Cells Cells 

Extract Human Extract DNA From 
DNA Target Cells 

Design Primers and 
' < Probes Specitic to '2 

Pathogen/Mutation 

Perform Polymerase Perlorm Polymerase 
Chain Reaction Chain Reaction with 

Real Time Detection 

Separate Products 
by Electrophoresis 

Pattern of ‘Peaks‘ 
= DNA 

Results of PCR : 
DIAGNOSIS 

Fig. 3 



Patent Application Publication Aug. 12, 2004 Sheet 4 0f 9 US 2004/0157220 A1 

073820 

US$818 D3Si358 

I" . 

163 

I55_ 
m_ 
1.19 

B13831? DI6SS39 

I Fig. 4 



Patent Application Publication Aug. 12, 2004 Sheet 5 0f 9 US 2004/0157220 A1 

0.55] 0.50 
0.45- — A 
0.40- -— B 
0.35- — C 
0.30- -— D 

0.25 
0.20 
0.15 
0.10 
0.05- ‘ a 

0-00 [I l I l l I l I l l l I I 

46.0 48.0 60.0 62.0 64.0 66.0 68.0 60.0 62.0 64.0 66.0 68.0 70.0 72.0‘ 
73.0 

Fluorescence -d(F2)/dT 

Temperature (°C) 

Fig. 5 



Patent Application Publication Aug. 12, 2004 Sheet 6 0f 9 US 2004/0157220 A1 

Fluorescence -d(F2)/dT 
W 
W 

OIOOT I l I l I I I l l l I I I l l I I 

44.0 46.0 48.0 60.0 62.0 64.0 66.0 68.0 60.0 62.0 64.0 66.0 68.0 70.0 72.0 74076.0 78.0 

Temperature (“0) 

Fig. 6 



Patent Application Publication Aug. 12, 2004 Sheet 7 0f 9 US 2004/0157220 A1 

25 10 8 20 
bp bp bp Ffv bp 
std 1 2 3 a b c Std std Std 1 2 3 a b c Std 
V i i V i W i i + + + V i t i i i 

' ' W 140 bp 

125bp w 

103 bp 

0381358 0168539 

D'ISBE 0138317 058818 

Fig. 7 



Patent Application Publication Aug. 12, 2004 Sheet 8 0f 9 US 2004/0157220 A1 

0.361 
0.30 

|_ 0.25 

@020 
jg 0.15 
‘g 0.10 

0.05 

OIOO I l I l l l l l l l l l I 

46.0 48.0 50.0 52.0 54.0 56.0 56.0 60.0 62.0 64.0 66.0 68.0 70.0 72.0 

Temperature (°C) 73'0 

Fig. 8 



Patent Application Publication Aug. 12, 2004 Sheet 9 0f 9 US 2004/0157220 A1 

0.054 
0.50 
0.40 

._ 0.40 

20.05 
‘$50.00 
g 0.25 
§ 0.20 
g 0.45 
10.10 

0.05- F, 
0-00 ’-I_ l l I l l I l I 

40.0 40.0 50.0 52.0 54.0 50.0 00.0 00.0 02.0 04.0 00.0 00.0 70.0 72.0 

Temperature (°C) 

Fig. 9 



US 2004/0157220 A1 

METHODS AND APPARATUS FOR SAMPLE 
TRACKING 

1. INTRODUCTION 

[0001] The present invention relates generally to the 
emerging ?eld of human, animal or plant DNA ?ngerprint 
ing. The methods and apparatus of the invention have 
application in the ?elds of diagnostic medicine, disease 
diagnosis in animals and plants, identi?cation of genetically 
inherited diseases in humans, family relationship analysis, 
forensic analysis, and microbial typing. In a preferred 
embodiment, the invention relates to methods and apparatus 
for the simultaneous analysis and tracking of biological 
samples. 

2. BACKGROUND OF THE INVENTION 

[0002] It is knoWn that there are simple nucleotide 
sequences in the human genome that can occur in different 
numbers of repeats in different individuals, giving rise to a 
range of different alleles or variants of different length that 
can be used as genetic markers to typify the DNA of an 
individual. It is these genetic markers that DNA diagnostic 
laboratories use in molecular diagnostics procedures for the 
identi?cation and characteriZation of diseased genes. Such 
genetic markers are also use for precision of DNA typing of 
individuals in the ?eld of forensic science. 

[0003] In general, tandem repeat minisatellite and micro 
satellite regions in vertebrate DNA frequently shoW high 
levels of allelic variability in the number of repeat units. 
These highly informative genetic markers have found Wide 
spread applications in population genetics, forensic science, 
medicine and other natural scienti?c studies. For example, 
these markers can be used for linkage analysis, determina 
tion of kinship in paternity and immigration disputes and for 
individual identi?cation in forensic medicine. In a minisat 
ellite system, a core DNA sequence unit is usually 15 or 
more base pairs. To date most studies and applications of 
such systems have relied on Southern blot estimation of 
allele length, Which requires at least 50 ng of relatively 
undegraded DNA. It is often very dif?cult to extract such 
large amounts of DNA from many forensic samples such as 
blood and semen stains. 

[0004] In recent years, the discovery and development of 
polymorphic short tandem repeats (STRs) and Variable 
Number Tandem Repeats (VNTRs) as genetic markers have 
stimulated progress in the development of linkage maps, the 
identi?cation and characteriZation of diseased genes, and the 
simpli?cation and precision of DNA typing of individuals. 

[0005] Many loci in the human genome contain a poly 
morphic STR region. STR loci consist of short, repetitive 
sequence elements on the order of 3 to 7 base pairs in length. 
It is estimated that there are roughly 2,000,000 expected 
trimeric and tetrameric STRs present as frequently as once 
every 15 kilobases (kb) in the human genome (EdWards et 
al. 1991 (Am J Hum Genet 49:746-756); Beckmann and 
Weber 1992 (Genomics 12:627-631)). Nearly half of the 
STR loci studied by EdWards et al. (1991) are polymorphic, 
Which provides a rich source of genetic markers. Variation in 
the number of repeat units at a particular locus is responsible 
for the observed polymorphism reminiscent of VNTR loci 
(Nakamura et al. 1987 (Science 235:1616-1622) and mini 
satellite loci (Jeffreys et al. 1985 (Nature 316:76-79)), Which 
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contain longer repeat units, and microsatellite or dinucle 
otide repeat loci (Litt and Luty 1989 (Am J Hum Genet 
44:397-401), TautZ 1989 (Nucleic Acids Res. 17:6463 
6471), Weber and May 1989 (Am J Hum Genet 44:388 
396), Beckmann and Weber 1992 (Genomics 12:627-631)). 

[0006] Such polymorphic STR loci are extremely useful 
markers for human identi?cation, paternity testing and 
genetic mapping. STR loci may be ampli?ed via the poly 
merase chain reaction (PCR) by employing speci?c primer 
sequences identi?ed in the regions ?anking the tandem 
repeat. Alleles of these loci can be differentiated by the 
number of copies of the repeat sequence contained Within 
the ampli?ed region and are distinguished from one another 
folloWing electrophoretic separation by any suitable detec 
tion method including, for example, radioactivity, ?uores 
cence, silver stain, and color. To minimiZe labor, materials 
and analysis time, it is desirable to analyZe multiple loci 
and/or more samples simultaneously. One approach involves 
ampli?cation of multiple loci simultaneously in a single 
reaction. Such “multiplex” ampli?cations have been 
described extensively in the literature, for example, in the 
analysis of genes related to human genetic diseases such as 
Duchenne Muscular Dystrophy (Chamberlain et al. 1988 
(Nucleic Acid Res. 16: 11141-11156), Chamberlain et al. 
1989 (“Multiple PCR for the diagnosis of Duchenne mus 
cular dystrophy,” In PCR Protocols, A Guide to Methods and 
Application (ed. Gelfand, D. H., et al.) pp.272-281. Aca 
demic Press, San Diego, Calif.), Beggs et al. 1990 (Hum. 
Genet. 86: 45-48), Clemens et al. 1991 (Am J. Hum. Genet. 
49: 951-960), SchWartZ et al. 1992 (Am J. Hum. Genet. 51: 
721-729), Covone et al. 1992 J. Hum. Genet. 51: 
675-677)), Lesch-Nyhan Syndrome (Gibbs et al. 1990), 
Cystic Fibrosis (Estivill et al. 1991 (Lancet 338: 458), 
Fortina et al. 1992 (Hum Genet. 90: 375-378), Ferrie et al. 
1992 J. Hum. Genet. 51: 251-262), Morral and Estivill, 
1992 (Genomics 51:1362-1364), and Retinoblasma (Lohm 
ann et al. 1992 (Hum. Genet. 89: 49-53)). Multiplex ampli 
?cation of polymorphic microsatellite markers and STR 
markers have been described previously in the literature 
(Clemens et al. 1991 (Am J. Hum. Genet. 49: 951-960), 
SchWartZ et al. 1992, Huang et al. 1992 (Genomics 13: 
375-380), EdWards et al. 1992 (Genomics 12:241-253), 
Kimpton et al. 1993 (PCR Methods and Applications 3: 
13-22), Hammond et al. 1994 J. Hum. Genet. 55: 

175-189)). 
[0007] Recently, RFLPs that have Variable Number Tan 
dem Repeats (VNTRs) have become a method of choice for 
human mapping because such VNTRs tend to have multiple 
alleles and are genetically informative because polymor 
phisms are more likely to be segregating Within a family. 
The production of ?ngerprints by Southern blotting With 
VNTRs (Jeffreys et al., Nature 316:76-79 (1985)) has 
proven useful in the ?eld of forensics. There are tWo classes 
of VNTRs; one having repeat units of 9 to 40 base pairs, and 
the other consisting of minisatellite DNAWith repeats of tWo 
or three base pairs. The longer VNTRs have tended to be in 
the proterminal regions of autosomes. VNTR consensus 
sequences may be also used to display a DNA ?ngerprint. 

[0008] Thus, While molecular diagnostics procedures, 
Which rely on the use of such markers as, inter alia, STRs 
and VNTRs, are particularly Well-suited to the application of 
prenatal diagnosis, presymptomatic diagnosis, carrier detec 
tion, and genetic screening, there still remain major bottle 
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necks in molecular diagnostic laboratories including front 
end tasks such as sample puri?cation and reaction setup. To 
date, the major sources for concern in clinical molecular 
laboratories are the safety, costs and efficiency of the normal 
procedures for preparation of specimens, such as blood, 
prior to analysis. Blood specimens for clinical analyses are 
commonly collected in evacuated blood collection tubes. 
Serum or plasma may be isolated from the cellular material 
by centrifugation and transferred to one or more specialiZed 
sample vessels. These sample vessels are used to introduce 
a portion of the specimen to chemical analyZers. HoWever, 
the large numbers of samples involved often presents sig 
ni?cant problems With sample tracking and data exchange 
betWeen different laboratory instruments and information 
management systems. A certi?ed DNA Diagnostics Labo 
ratory provides a chain of custody report for each sample 
that is to be tested. The report traces the history of each 
sample from the time it Was collected by one of their 
representatives until the results are released. The DNA 
Diagnostics Laboratory usually relies on a computeriZed 
sample tracking system that assigns a number for each 
sample to ensure con?dentiality and chain of custody. 

[0009] To provide for proper biological sample identi? 
cation, a computer readable bar code label is usually af?Xed 
to the tube containing the biological sample. The bar code 
label alloWs for electronic processing of the sample and also 
helps to eliminate misidenti?cation or confusion of samples. 
While the use of computer-based barcodes can provide a 
high level of sample tracking, such barcode labels still suffer 
from some signi?cant draWbacks. For eXample, they are 
susceptible to manipulation, they typically involve an addi 
tional step, they can be lost, and barcodes are not unique to 
the individual, etc. In addition, the time and technical 
constraints associated With most sample preparation proto 
cols have heretofore impeded the rapid, cost-effective, 
reproducible, systematic and unequivocal identi?cation of 
biological samples. 
[0010] For these aforementioned reasons, What is needed 
in the ?eld of diagnostic medicine and disease diagnosis is 
a system and method suitable for biological sample tracking 
Without the prior possibilities of accidental misidenti?cation 
of the source of the sample and any diagnostic data derived 
from such a sample. This application addresses these and 
other needs by providing a method for analyZing a biological 
sample to detect the presence of an infectious agent, a 
disease condition and/or disease predisposition While simul 
taneously determining the molecular barcode of the sample 
so as to uniquely identify the biological sample Without the 
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chance of any mishandling or misidenti?cation. The inven 
tion also includes a micro?uidic processor apparatus for use 
in such a method. 

[0011] Citation or discussion of a reference herein shall 
not be construed as an admission that such is prior art to the 
present invention. 

3. SUMMARY OF THE INVENTION 

[0012] The present invention relates to methods and an 
apparatus for providing identi?cation of biological samples 
used in diagnostic laboratories. In particular, the invention 
relates to methods and an apparatus for analyZing a biologi 
cal sample to detect the presence of an infectious agent or 
disease condition and/or disease predisposition and deter 
mining the unique molecular barcode of the sample so as to 
uniquely identify the biological sample, thereby greatly 
reducing the chance of errors associated With misidenti?ca 
tion of the biological sample or a patient record associated 
With the molecular barcode. In a preferred embodiment, the 
unique molecular barcode of the sample is determined 
simultaneously With the detection of the presence of an 
infectious agent or disease condition and/or disease predis 
position. It is the particular unique combination of genetic 
markers associated With each individual that provides the 
biological sample With its unique identi?cation and is 
termed its molecular barcode. The combination of ampli?ed 
markers (and hence the molecular barcode) is preferably 
unique to the eXtent that the chance of another mammal 
exhibiting an indistinguishable combination of ampli?ed 
markers is less than 1 in 10,000, for eXample, less than 1 in 
100,000, for eXample, less than 1 in 1,000,000. The chance 
that a given population of mammals Will include at least tWo 
individuals having an indistinguishable combination of 
ampli?ed markers may be determined using the Hardy 
Weinberg principle. 
[0013] One aspect of the invention relates to a method for 
identifying a biological sample comprising biological mate 
rial of a mammal. The method may comprise the steps of: 
obtaining ampli?cation data indicative of ampli?cation of at 
least tWo DNA markers of genomic DNA of the mammal, 
generating indicia indicative of the ampli?cation data, and 
associating the indicia With the biological sample, Whereby 
the indicia may be used to identify the biological sample. 

[0014] The ampli?cation data may be indicative of ampli 
?cation of at least three, for eXample, at least ?ve DNA 
markers of genomic DNA of the mammal. The DNA mark 
ers may be selected from the group consisting of the 
folloWing primer pairs: 

5 ' Primer ACTGCAGTCCAATCTGGGT (SEQ ID NO:1 ) 

3 ' primer ATGAAATCAACAGAGGCTTG; (SEQ ID NO:2 ) 

5 ' Primer GGGTGATTTTCCTCTTTGGT (SEQ ID NO:3 ) 

3 ' primer TGATTCCAATCATAGCCACA; (SEQ ID NO:4 ) 

5 ' Primer TGTCATAGTTTAGAACGAACTAACG (SEQ ID NO:5 ) 

3 ' primer CTGAGGTATCAAAAACTCAGAGG; (SEQ ID NO:6 ) 

5 ' Primer ACAGAAGTCTGGGATGTGGA (SEQ ID NO:7 ) 

3 ' primer GCCCAAAAAGACAGACAGAA; (SEQ ID NO:8 ) 
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-continued 

D16S539 5' Primer GATCCCAAGCTCTTCCTCTT 

3' primer ACGTTTGTGTGTGCATCTGT; 

and 

complementary sequences thereto. 

[0015] The method may comprise the further steps of 
diagnosing the DNA sample to obtain a result indicative of 
Whether the mammal is afflicted With a particular disease or 
disorder, or is at risk of developing a particular disease or 
disorder and associating the result obtained from said diag 
nosis step With at least one of the ampli?cation data or 
indicia. Associating the result obtained from said diagnosis 
step With the ampli?cation data comprises saving the ampli 
?cation data to a computer readable medium, such as a 
computer memory or storage medium. The step of diagnos 
ing may be performed essentially simultaneously With the 
step of ampli?cation. For example, the sample may be 
divided into at least tWo portions. One of the portions is 
subjected to the obtaining ampli?cation data step; the other 
portion is subjected to the diagnosing step. In a preferred 
embodiment, the steps of obtaining ampli?cation data and 
diagnosing are performed using a micro?uidic device. Pref 
erably, a single micro?uidic device, for example the same 
micro?uidic chip, is used to perform the steps of dividing the 
sample, obtaining ampli?cation data, and diagnosing. 
[0016] The method may further comprise obtaining data 
indicative of the presence of a pathogen in the biological 
sample and associating the data indicative of the presence of 
the pathogen With at least one of the ampli?cation data or 
indicia, Whereby the indicia are indicative of the presence of 
the pathogen. The data indicative of the presence of the 
pathogen may be indicative of the type of pathogen, such as 
for example, Whether the pathogen is a bacteria or virus. The 
data may also indicate further information about the patho 
gen, such as the type of bacteria and/or strain of bacteria. 

[0017] The step of obtaining data indicative of the pres 
ence of the pathogen may be performed essentially simul 
taneously With the step of ampli?cation. For example, the 
sample may be divided into at least tWo portions. One of the 
portions is subjected to the obtaining ampli?cation data step; 
the other portion is subjected to the obtaining data indicative 
of the pathogen step. In a preferred embodiment, the steps of 
obtaining ampli?cation data and obtaining data indicative of 
the pathogen are performed using a micro?uidic device. 
Preferably, a single micro?uidic device, for example the 
same micro?uidic chip, is used to perform the steps of 
dividing the sample, obtaining ampli?cation data, and 
obtaining data indicative of the pathogen. 

[0018] Generating the indicia further may comprise print 
ing a label comprising the indicia. The label may be secured 
to a container comprising at least a portion of the sample. 
The label may be secured to a record comprising other data 
related to the mammal, such as other treatments the mammal 
may have been or Will be subjected to. Preferably, the indicia 
may be read using an automated reader, such as an optical 
bar code reader. 

[0019] Another aspect of the invention relates to a method 
for creating a database. The database is preferably con?g 
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(SEQ ID NO:9) 

(SEQ ID NO:l0) 

ured to alloW storage and retrieval of a plurality of data 
records. The database may comprise a plurality of locations. 
For each of a plurality of mammals the method may com 
prise: obtaining ampli?cation data indicative of ampli?ca 
tion of at least tWo DNA markers of genomic DNA of the 
mammal, entering the ampli?cation data in a ?rst location of 
the database, and entering ?rst indicia in a second location 
of the database, the ?rst indicia indicative of an identity of 
the mammal, Wherein the ?rst and second locations are 
related, Whereby the database may be searched using one of 
the ampli?cation data or ?rst indicia to determine the other 
of the ampli?cation data or ?rst indicia. 

[0020] The method may further comprise generating sec 
ond indicia indicative of at least the ampli?cation data and 
associating the second indicia With a biological sample 
obtained from the mammal, Wherein the second indicia and 
the database may be used to determine the identity of the 
mammal from Which the biological sample Was obtained. 

[0021] In one embodiment, the method comprises, pref 
erably for each mammal, diagnosing a DNA sample 
obtained from the mammal to obtain a result indicative of 
Whether the mammal is afflicted With a particular disease or 
disorder, or is at risk of developing a particular disease or 
disorder and entering the result in a third location of the 
database, Wherein the database may be searched using one 
of the ampli?cation data or ?rst indicia to determine the 
result. 

[0022] Another aspect of the invention relates to a sample 
tracking system, comprising a device con?gured to at least: 
obtain ampli?cation data indicative of ampli?cation of at 
least tWo DNA markers of genomic DNA of a mammal, a 
processor con?gured to at least: generate indicia indicative 
of the ampli?cation data and associate the indicia With the 
biological sample, Whereby the indicia may be used to 
identify the biological sample. The device may be con?g 
ured to obtain ampli?cation data indicative of ampli?cation 
of at least three DNA markers of genomic DNA of the 
mammal. The device may be con?gured to obtain ampli? 
cation data indicative of ampli?cation of at least ?ve DNA 
markers of genomic DNA of the mammal. 

[0023] The device may be con?gured to obtain data 
indicative of the presence of a pathogen. For example, the 
device may be a micro?uidic device comprising at least one 
substrate de?ning a micro?uidic netWork. 

[0024] The system may be con?gured to provide a label 
comprising the indicia. 

[0025] The methods and apparatus of the invention are 
particularly applicable to biological samples being subjected 
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to complex multistep assays, Where there exists numerous 
sample transfers, and Where the risk for improper handling 
and/or labeling is considerably increased. 

[0026] In accordance With the present invention there is 
provided a method for identi?cation of a biological sample 
of a mammal, Which comprises the steps of: 

[0027] a) obtaining a genomic DNAsample from said 
mammal; 

[0028] b) performing ampli?cation of the genomic 
DNA sample using at least tWo primers for ampli? 
cation of at least tWo DNA markers; and 

[0029] c) identifying the ampli?ed DNA markers 
from step b), Wherein the genomic DNA sample’s 
unique combination of ampli?ed markers represents 
the molecular barcode for identi?cation of the bio 
logical sample. 

[0030] In accordance With a preferred aspect of the present 
invention there is provided a method for identi?cation of a 
biological sample of a mammal, Which comprises the steps 
of: 

[0031] a) obtaining a genomic DNAsample from said 
mammal; 

[0032] b) performing DNA ampli?cation of the 
genomic DNA sample using at least tWo primers for 
ampli?cation of at least tWo DNA markers, Wherein 
said primers are selected from the group consisting 
of SEQ ID NOSzl to 10 and complementary 
sequences thereto; and 

[0033] c) identifying the ampli?ed DNA markers 
from step b), Wherein the genomic DNA sample’s 
unique combination of ampli?ed markers represents 
the molecular barcode for identi?cation of the bio 
logical sample. 

[0034] In yet another aspect of the present invention, a 
method is provided for identi?cation of a biological sample 
of a subject undergoing diagnosis to determine Whether the 
subject is afflicted With a particular disease or disorder, or is 
at risk of developing a particular disorder comprising 

[0035] a) obtaining a genomic DNA sample from a 
subject; 

[0036] b) performing DNA ampli?cation of the 
genomic DNA sample using at least tWo primers for 
ampli?cation of at least tWo DNA markers; 

[0037] c) identifying the ampli?ed DNA markers of 
step b), Wherein the genomic DNA sample’s unique 
combination of ampli?ed markers represents the 
molecular barcode for identi?cation of the biological 
sample; and 

[0038] d) performing diagnosis of the subject’s 
genomic DNA sample to determine Whether the 
subject is afflicted with a particular disease or dis 
order, or is at risk of developing a particular disease 
or disorder, Wherein the result obtained from said 
diagnosis step is thereby intimately associated With 
the molecular barcode of the sample of the subject 
being diagnosed. 
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[0039] In yet another aspect of the present invention, a 
method is provided for identi?cation of a biological sample 
of a subject undergoing screening for genetic lesions or 
mutations to determine if the subject With a lesioned gene is 
at risk for a disease or disorder characteriZed by aberrant 
expression or activity of a given polypeptide comprising 

[0040] a) obtaining a genomic DNA sample from a 
subject; 

[0041] b) performing DNA ampli?cation of the 
genomic DNA sample using at least tWo primers for 
ampli?cation of at least tWo DNA markers; 

[0042] c) identifying the ampli?ed DNA markers of 
step b), Wherein the genomic DNA sample’s unique 
combination of ampli?ed markers represents the 
molecular barcode for identi?cation of the biological 
sample; 

[0043] d) performing screening of the subject’s 
genomic DNA sample for detection of genetic 
lesions or mutations in said genomic DNA sample to 
determine if a subject With a lesioned gene is at risk 
for a disease or disorder characteriZed by aberrant 
expression or activity of a given polypeptide; 
Wherein the result obtained from said screening step 
is thereby intimately associated With the molecular 
barcode of the sample of the subject being screened. 

[0044] In yet another aspect of the present invention, a 
method is provided for identi?cation of a biological sample 
of a subject being diagnosed for the presence of a target 
microorganism comprising 

[0045] a) obtaining a genomic DNA sample from a 
subject; 

[0046] b) performing DNA ampli?cation of the 
genomic DNA sample using at least tWo primers for 
ampli?cation of at least tWo DNA markers; and 

[0047] c) identifying the ampli?ed DNA markers of 
step b), Wherein the genomic DNA sample’s unique 
combination of ampli?ed markers represents the 
molecular barcode for identi?cation of the biological 
sample; and 

[0048] d) performing diagnosis of said subject to 
detect the presence of a target microorganism; 
Wherein the result obtained from said diagnosis step 
is thereby intimately associated With the molecular 
barcode of the sample of the subject being diag 
nosed. 

[0049] In yet another aspect of the present invention, a 
method is provided for identi?cation of a biological sample 
of a subject undergoing paternity screening, genetic screen 
ing, prenatal diagnosis, presymptomatic diagnosis, disease 
carrier detection, or forensic chemical analysis comprising 

[0050] a) obtaining a genomic DNA sample from a 
subject; 

[0051] b) performing DNA ampli?cation of the 
genomic DNA sample using at least tWo primers for 
ampli?cation of at least tWo DNA markers; 

[0052] c) identifying the ampli?ed DNA markers of 
step b), Wherein the genomic DNA sample’s unique 
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combination of ampli?ed markers represents the 
molecular barcode for identi?cation of the biological 
sample; and 

[0053] d) performing paternity screening, genetic 
screening, prenatal diagnosis, presymptomatic diag 
nosis, disease carrier detection, forensic chemical 
analysis, or any combination thereof, of the subj ect’s 
genomic DNA sample, Wherein the result obtained 
from said paternity screening, genetic screening, 
prenatal diagnosis, presymptomatic diagnosis, dis 
ease carrier detection, or forensic chemical analysis 
step is thereby intimately associated With the 
molecular barcode of the sample of the subject being 
screened or diagnosed. 

[0054] In a preferred embodiment of the invention, the at 
least tWo primers for the ampli?cation of at least tWo 
markers are selected from the group consisting of 

D3Sl358 5' Primer ACTGCAGTCCAATCTGGGT (SEQ 

3' primer ATGAAATCAACAGAGGCTTG; (SEQ 

D5S8l8 5' Primer GGGTGATTTTCCTCTTTGGT (SEQ 

3' primer TGATTCCAATCATAGCCACA; (SEQ 

D7S820 5' Primer TGTCATAGTTTAGAACGAACTAACG (SEQ 

3' primer CTGAGGTATCAAAAACTCAGAGG; (SEQ 

D13S3l7 5' Primer ACAGAAGTCTGGGATGTGGA (SEQ 

3' primer GCCCAAAAAGACAGACAGAA; (SEQ 

and 

D16S539 5' Primer GATCCCAAGCTCTTCCTCTT (SEQ 

3' primer ACGTTTGTGTGTGCATCTGT. (SEQ 

[0055] In yet another aspect of the present invention, 
methods are provided for identi?cation of a biological 
sample of a subject Wherein the DNA ampli?cation of the 
genomic DNA sample using at least tWo primers results in 
simultaneous ampli?cation of at least tWo DNA markers. 

[0056] In preferred embodiments of the invention, the 
DNA ampli?cation of the genomic DNA sample employs 
VNTR analysis, STR analysis, CTR analysis, Restriction 
Fragment Length Polymorphism (RFLP) analysis, allele 
speci?c oligonucleotide (ASO) analysis, denaturation tem 
perature analysis, single strand conformation polymorphism 
(SSCP) analysis, ampli?ed fragment-length polymorphism 
(AFLP) analysis, microsatellite or single-sequence repeat 
(SSR) analysis, rapid-ampli?ed polymorphic DNA (RAPD) 
analysis, sequence tagged site (STS) analysis or a combi 
nation thereof. 

[0057] In another aspect of the present invention, an 
apparatus is provided for use in the methods of the present 
invention. 

[0058] In another aspect of the present invention a kit is 
provided Which contains the apparatus of the present inven 
tion, at least tWo primers for the ampli?cation of at least one 
marker, and instructions for use. 
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[0059] In any embodiment of the present invention, the 
biological sample may be selected from the group consisting 
of a tissue homogenate, hair, blood, semen, vaginal sWabs, 
plasma, serum, ascites, pleural effusion, thoracentesis 
sample, spinal ?uid, lymph ?uid, bone marroW, the eXternal 
sections of the skin, respiratory, intestinal, and genito 
urinary tracts, stool, urine, sputum, tears, saliva, fetal cells, 
placental cells, amniotic cells, mixtures of body ?uids, 
vitreous humor, amniotic ?uid, chorionic villus samples, 
blood cells, tumors, organs, tissue, and samples of in vitro 
cell culture constituents, a transudate, an eXudate, or ?uid 
obtained from a joint. 

[0060] In any embodiment of the present invention, the 
DNA ?ngerprint may be performed by VNTR analysis, by 
STR analysis, by CTR analysis, by Restriction Fragment 
Length Polymorphism (RFLP) analysis, by allele speci?c 
oligonucleotide (ASO) analysis, by denaturation tempera 

NO:l) 

NO:2) 

NO:3) 

NO:4) 

NO:5) 

NO:6) 

NO:7) 

NO:8) 

NO:9) 

NO:l0) 

ture analysis, by mass spectrometry analysis, by single 
strand conformation polymorphism (SSCP) analysis, by 
ampli?ed fragment-length polymorphism (AFLP) analysis, 
by microsatellite or single-sequence repeat (SSR) analysis, 
by rapid-ampli?ed polymorphic DNA (RAPD) analysis, by 
sequence tagged site (STS) analysis, by allele-speci?c poly 
merase chain reaction (ASPCR) analysis, by dynamic allele 
speci?c hybridiZation (DASH) analysis, or combination 
thereof. 

[0061] The subject from Which the sample is obtained may 
be a mammal, for eXample, a human, or a farm animal of 
agricultural importance. 
[0062] For embodiments of the invention relating to 
plants, the biological sample may be selected from the group 
consisting of genomic DNA isolated from a plant, genomic 
DNA isolated from a plant eXtract, genomic DNA isolated 
from an isolated plant tissue, genomic DNA isolated from an 
isolated plant tissue extract, genomic DNA isolated from a 
plant cell culture, genomic DNA isolated from a plant cell 
culture eXtract, genomic DNA isolated from a recombinant 
cell comprising a nucleic acid derived from a plant, genomic 
DNA isolated from a plant seed, genomic DNA isolated 
from an eXtract of a recombinant plant cell comprising a 
nucleic acid derived from a plant, and DNA isolated from a 
chloroplast. 
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[0063] The pre-packaged diagnostic kits of the invention 
may comprise at least one nucleic acid probe or primer in 
one vial and reagents for diagnosis, screening or testing in 
another vial. The diagnostic kit may comprise at least one 
nucleic acid probe or primer in one vial and reagents for 
diagnosis, screening or testing in another vial, and a microf 
luidic chip for performing all or a portion of the analysis. 

4. BRIEF DESCRIPTION OF THE FIGURES 

[0064] FIG. 1 depicts a How diagram depicting the steps 
involved in a typical DNA ?ngerprint analysis. 

[0065] FIG. 2 depicts a chromosome diagram depicting 
STR variability in D7S820 from grandparents to parents to 
grandchildren. 
[0066] FIG. 3 depicts an illustration of the preparation and 
analysis of biological samples. 
[0067] FIG. 4 depicts a photograph of an FYBR green 
stained polyacrylamide gel of the respective STR markers. 
A, B, C and D are the four buccal samples. A 25 bp ladder 
and Ffv, the allelic ladder Were used as the reference 
standards to determine the siZes of the alleles. 

[0068] FIG. 5 depicts the genomic DNA of tWo samples 
Were used to detect mutations With the Factor V Leiden 
mutation kit. The letter Adesignation represents the positive 
control, Which is a heteroZygous mutant. The letter desig 
nations B and C represent the buccal samples, Which are 
Wildtype Without the mutation. The letter D designation 
represents the negative control Without the template. 

[0069] FIG. 6 depicts the same genomic DNA used in 
?ngerprinting and in detecting the mutations in Factor V 
Leiden kit, Was used to detect the Apo B mutations also. The 
letter A designation represents the heteroZygous positive 
control With 9775 point mutation. The letter B designation 
represents the heteroZygous positive control With 9774 
mutation. The letter designations C and D represent the 
buccal samples used that are Wildtype Without any muta 
tions; The letter E designation represents the negative con 
trol Without any template. 

[0070] FIG. 7 depicts the FYBR green stained gels of the 
respective STR markers in the blind sample identi?cation 
experiment conducted With the Factor V genomic DNA. 
Sample 1 is the heteroZygous major (heteroZygous mutant) 
individual for the Factor V mutation; sample 2 is the 
homoZygous major (Wildtype genotype) individual for the 
Factor V mutation; and sample 3 is the homoZygous minor 
(homoZygous mutant) individual for the Factor V mutation. 
25 bp ladder and Ffv, the allelic ladder Were used as the 
reference standards to determine the siZes of the alleles. 

[0071] FIG. 8 depicts the analysis of the genomic DNA 
from the three samples (heteroZygous major, homoZygous 
major, and homoZygous minor, respectively) that Were used 
to detect mutations the Factor V genomic DNA With the 
Factor V Leiden mutation kit in the blind sample identi? 
cation experiment. 

[0072] FIG. 9 depicts the analysis of the blind sample 
identi?cation experiment in Which samples 1-3 Were masked 
to hide their identities and labeled arbitrarily as samples a-c. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0073] A major aspect of the present invention is to 
provide for a biological sample tracking system for use in 

Aug. 12, 2004 

paternity screening, genetic screening, prenatal diagnosis, 
presymptomatic diagnosis, carrier detection, and forensic 
chemical analysis laboratories. In paternity, genetic screen 
ing, prenatal diagnosis, presymptomatic diagnosis, carrier 
detection and forensic analysis, it is necessary that the 
sample and result obtained be uniquely identi?able, often 
even years after the analysis has been completed. 

[0074] A prevalent concern of diagnostic laboratories is 
the considerable amount of paperWork required to track a 
sample through various stages of collection, preparation and 
analysis. In a typical study, there is about a 60% to 70% 
chance of clerical error on behalf of laboratory personnel, 
and a signi?cant proportion of these errors result in misi 
denti?cation of a sample. The collection and subsequent 
testing of biological samples can involve many sequential 
steps. Inevitably, biological samples Will be stored among 
many similar biological samples. It is therefore important 
that the biological samples be uniquely identi?ed so that 
information such as the time, date and place of collection 
and subsequent testing be determinable at all times. The 
identi?cation data may be handWritten on a label, either 
before or after application to the sample vial containing the 
biological sample. 

[0075] Opportunity for error exists in application of the 
identi?cation labels prepared for the biological sample or, at 
a later stage, during the reading of handWritten labels. While 
printers and computer-based barcodes can theoretically be 
used to overcome legibility problems, there is alWays the 
chance of a typographical input error or even tampering With 
the printed label or barcode itself. 

[0076] The heretofore unappreciated solution to this prob 
lem is to perform a DNA ?ngerprint or genotyping analysis 
at the same time as the diagnostic or prognostic analysis 
thereby uniquely linking the results of the diagnosis to the 
particular individual being diagnosed. This simultaneous 
genotyping step for sample identi?cation purposes should 
tremendously simplify sample tracking in diagnostic labo 
ratories. 

[0077] One of the advantages of the method of the present 
invention is that the molecular barcode of the genomic DNA 
of the sample can be determined at any time during the 
collection or processing of a biological sample. In one 
embodiment, the unique molecular barcode is determined at 
the time of sample collection, prior to any further diagnostic, 
prognostic and/or target organism detection. In this Way, the 
opportunities for misidenti?cation and/or handling errors are 
considerably decreased. Once the molecular barcode of the 
sample is determined, a record is kept of the molecular 
barcode that corresponds to each sample for later sample 
identity veri?cation. 

[0078] In another embodiment, the unique molecular bar 
code of the genomic DNA sample is determined simulta 
neously during processing of the genomic DNA sample for 
diagnostic, prognostic and/or target organism detection. In 
this instance, because the unique molecular barcode is 
determined during processing of the genomic DNA sample 
for diagnostic, prognostic and/or target organism detection, 
the only requirement is that the particular tests employed 
must be compatible. 

[0079] This completely automatable technology for 
screening biological samples and comparing their unique 
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DNA marker pro?les permits rapid and ef?cient identi?ca 
tion of individual biomolecules Whose presence, absence or 
altered expression can be or is associated With a disease or 
condition of interest. Thus, in its simplest form, the present 
invention provides a method and an apparatus for analyzing 
a biological sample for the presence of a disease condition 
and/or disease predisposition and/or infectious agent and 
simultaneously determining the DNA ?ngerprint or geno 
type of the biological sample so as to provide internal 
identi?cation of the biological sample. 

[0080] 5.1. Methods of Determining the Molecular Bar 
code of a Subject 

[0081] In general, DNA ?ngerprinting or DNA typing for 
the determination of one’s molecular barcode, as Well as 
other methods of genotyping, pro?ling and DNA identi? 
cation analysis, refer to the characteriZation of either simi 
larities or one or more distinctive features in the genetic 

make up or genome of an individual, a variety or race, or a 

species. The general rule is that the closer the genetic 
relationship is, the greater the identity or more appropriate 
the similarity of genomes, and consequently distinctive 
features in the genome Will be rarer. These similar or 

distinctive features can be revealed by analyZing the DNA of 
an organism after cleaving the DNA With a restriction 
endonuclease. Because of their high degree of sequence 
speci?city, restriction endonucleases Will cleave DNA mol 
ecules in a very speci?c fashion. The result is that a 
reproducible set of DNA fragments Will be produced. DNA 
fragments can be fractionated according to their length on 
porous matrices, or gels, yielding typical banding patterns, 
Which constitutes a DNA ?ngerprint or molecular barcode of 

the organism’s genetic makeup. 

[0082] When the ?ngerprints of very closely related spe 
cies, varieties or races are compared, the DNA ?ngerprints 
can be identical or very similar. When differences are 

observed Within otherWise identical DNA ?ngerprints, such 
differences are referred to as DNApolymorphisms: these are 

neW DNA fragments Which appear in a DNA ?ngerprint. 
The DNA is said to be polymorphic at that position and the 
novel DNA fragment can be used as a DNA marker. DNA 

polymorphisms detected in DNA ?ngerprints obtained by 
restriction enZyme cleavage can result from any of the 
folloWing alterations in the DNA sequence: mutations abol 
ishing the restriction endonuclease target site, mutations 
creating neW target sites, insertions, deletions or inversions 
betWeen the tWo restriction sites. 

[0083] Such DNA polymorphisms are generally referred 
to as Restriction Fragment Length Polymorphisms or 
RFLPs. Such mutational changes Will behave as bona ?de 
genetic markers When they are inherited in a mendelian 
fashion. Consequently, DNA polymorphisms can be used as 
genetic markers in much the same Way as other genetic 
markers: in parentage analysis, in genetic studies on the 
inheritance of traits, or in the identi?cation of individuals. 

[0084] In accordance With the present invention, the terms 
genotyping, ?ngerprinting, and DNA typing are meant to 
include the use of any means knoWn to those skilled in the 
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art for determining an individual’s genotype molecular 
barcode. For example, and Without limitation, and as Will be 
explained in more detail beloW, techniques for genotyping 
can be nucleic acid based including siZe fractionation, allele 
speci?c oligonucleotide (ASO) hybridiZation, sequencing, 
restriction fragment length polymorphism (RFLP) analysis, 
denaturation temperature analysis, mass spectrometry analy 
sis, etc. The genetic typing may be performed on genomic 
DNA, mitochondrial DNA or may be based on typing the 
RNApresent in a cell. See e.g., Zang Y. H. & McCabe E. R., 
RNAAnalysis from NeWborn Screening Dried Blood Speci 
mens, Hum. Genet. (1992) 89(3): 311-4. Further, the typing 
methodology may be any that is currently used in the art, 
including techniques that are sequence based, siZe analysis 
based, hybridiZation based or a combination thereof. Gen 
erally, DNA samples may be ampli?ed before analysis in a 
PCR or PCR-like reaction. Genetic typing methodologies 
are Well knoWn to those of ordinary skill in the art. 

[0085] DNA ?ngerprinting to determine one’s molecular 
barcode as used in the context of the present invention is 
therefore a broad term used to designate methods for assess 

ing sequence differences in DNA isolated from various 
sources, e.g., by comparing the presence of marker DNA in 
samples of isolated DNA. Typically, DNA ?ngerprinting is 
used to analyZe and compare DNA from different species of 
organisms or DNA from different individuals of the same 

species. DNA sequence differences detected by ?ngerprint 
ing are referred to as DNA polymorphisms. The presence of 
a DNA polymorphism in an organism’s DNA can serve to 

indicate that the genetic origin of such an organism is 
different from the genetic origin of organisms Whose DNA 
does not have the polymorphism. Such DNA polymor 
phisms can result, e.g., from insertion, deletion, and/or 
mutation events in the genome. 

[0086] Thus, in accordance With one embodiment of the 
present invention there is provided a method for identi?ca 
tion of a biological sample of a mammal, Which comprises 
the steps of: 

[0087] a) obtaining a genomic DNAsample from said 
mammal; 

[0088] b) performing ampli?cation of the genomic 
DNA sample using at least tWo primers for ampli? 
cation of at least tWo DNA markers; and 

[0089] c) identifying the ampli?ed DNA markers 
from step b), Wherein the genomic DNA sample’s 
unique combination of ampli?ed markers represents 
the molecular barcode for identi?cation of the bio 
logical sample. 

[0090] In accordance With a preferred embodiment of the 
present invention there is provided a method for identi?ca 
tion of a biological sample of a mammal, Which comprises 
the steps of: 

[0091] a) obtaining a genomic DNAsample from said 
mammal; 

[0092] b) performing DNA ampli?cation of the 
genomic DNA sample using at least tWo primers for 
ampli?cation of at least tWo DNA markers, Wherein 
said DNA marker ampli?cation primers are selected 
from the group consisting of the folloWing primer 
pairs: 
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D3Sl 35 8 5 ' Primer ACTGCAGTCCAATCTGGGT (SEQ 

3 ' primer ATGAAATCAACAGAGGCTTG; (SEQ 

D5S8 l8 5 ' Primer GGGTGATTTTCCTCTTTGGT (SEQ 

3 ' primer TGATTCCAATCATAGCCACA; (SEQ 

D7S82O 5 ' Primer TGTCATAGTTTAGAACGAACTAACG (SEQ 

3 ' primer CTGAGGTATCAAAAACTCAGAGG; (SEQ 

D l 3 S 3 l 7 5 ' Primer ACAGAAGTCTGGGATGTGGA (SEQ 

3 ' primer GCCCAAAAAGACAGACAGAA; (SEQ 

and 

Dl6S539 5' Primer GATCCCAAGCTCTTCCTCTT (SEQ 

3 ' primer ACGTTTGTGTGTGCATCTGT; (SEQ 

and 

complementary sequences thereto; and 

[0093] c) identifying the ampli?ed DNA markers 
from step b), Wherein the genomic DNA sample’s 
unique combination of ampli?ed markers represents 
the molecular barcode for identi?cation of the bio 
logical sample. 

[0094] In accordance With the present invention, any 
genetic-marker technologies are adaptable to the determi 
nation of one’s molecular barcode, including restriction 
fragment-length polymorphism (RFLP) Bostein et al (1980) 
Am J Hum Genet 321314-331; single strand conformation 
polymorphism (SSCP) Fischer et al. (1983) Proc Natl Acad 
Sci USA 8011579-1583; Orita et al. (1989) Genomics 51874 
879; ampli?ed fragment-length polymorphism (AFLP) Vos 
et al. (1995) Nucleic Acids Res 2314407-4414; microsatillite 
or single-sequence repeat (SSR) Weber J L and May P E 
(1989) Am J Hum Genet 441388-396; rapid-ampli?ed poly 
morphic DNA (RAPD) Williams et al (1990) Nucleic Acids 
Res 1816531-6535; sequence tagged site (STS) Olson et al. 
(1989) Science 24511434-1435; genetic-bit analysis (GBA) 
Nikiforov et al (1994) Nucleic Acids Res 2214167-4175 (the 
entire contents of Which are incorporated by referemnce in 
its entirety); allele-speci?c polymerase chain reaction 
(ASPCR) Gibbs et al. (1989) Nucleic Acids Res 1712437 
2448, NeWton et al. (1989) Nucleic Acids Res 1712503 
2516; nick-translation PCR (e.g., TaqMan.TM.) Lee et al. 
(1993) Nucleic Acids Res 2113761-3766; and allele-speci?c 
hybridization (ASH) Wallace et al. (1979) Nucleic Acids 
Res 613543-3557, Sheldon et al. (1993) Clinical Chemistry 
39(4)1718-719 (the entire contents of each of Which are 
hereby incorporated by reference in their entirety). Kits for 
RAPD and AFLP analyses are commercially available, e.g., 
from Perkin Elmer Applied Biosystems (Foster City, Calif.). 
For example, the restriction fragment length polymorphism 
(RFLP) technique employs restriction enZyme digestion of 
DNA, folloWed by siZe separation of the digested DNA by 
gel electrophoresis, and hybridization of the siZe-separated 
DNA With a speci?c polynucleotide fragment. Differences in 
the siZe of the restriction fragments to Which the polynucle 
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otide probe binds re?ect sequence differences in DNA 
samples, or DNA polymorphisms. See Tanksley, Biotech 
nology 71257-264 (1988). 

[0095] 5.2. Methods of Diagnosis of a Subject 

[0096] In accordance With the present invention, the par 
ticular methods that can be employed for the diagnosis of a 
subject to determine Whether a subject is afflicted With a 
particular disease or disorder, or is at risk of developing a 
particular disorder, the existence of genetic lesions or muta 
tions can be detected by, for example, but not limited to, 
ascertaining the existence of at least one of: 1) a deletion of 
one or more nucleotides from a given gene; 2) an addition 
of one or more nucleotides to a given gene; 3) a substitution 
of one or more nucleotides of a given gene; 4) a chromo 
somal rearrangement of a given gene; 5) an alteration in the 
level of a messenger RNA transcript of a given gene; 6) an 
aberrant modi?cation of a given gene, such as of the 
methylation pattern of the genomic DNA; 7) the presence of 
a non-Wild type splicing pattern of a messenger RNA 
transcript of a given gene; 8) a non-Wild type level of a the 
protein encoded by a given gene; 9) an allelic loss of a given 
gene; and 10) an inappropriate post-translational modi?ca 
tion of the protein encoded by a given gene. As described 
herein, there are a large number of assay techniques knoWn 
in the art Which can be used for detecting lesions in a given 
gene. 

[0097] For example, in certain embodiments of the inven 
tion, detection of a genetic lesion involves the use of a 
probe/primer in a polymerase chain reaction (PCR) (see, 
e.g., US. Pat. Nos. 4,683,195 and 4,683,202), such as 
anchor PCR or RACE PCR, or, alternatively, in a ligation 
chain reaction (LCR) (see, e.g., Landegran et al. (1988) 
Science 24111077-1080; and NakaZaWa et al. (1994) Proc. 
Natl. Acad. Sci. USA 911360-364), the latter of Which can be 
particularly useful for detecting point mutations in a given 
gene (see, e.g., Abravaya et al. (1995) Nucleic Acids Res. 
231675-682)(the entire contents of each of Which are hereby 
incorporated by reference in their entirety). This method can 
include the steps of collecting a sample of cells from a 
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patient, isolating nucleic acid (e.g., genomic, mRNA or 
both) from the cells of the sample, contacting the nucleic 
acid sample With one or more primers Which speci?cally 
hybridize to the selected gene under conditions such that 
hybridization and ampli?cation of the gene (if present) 
occurs, and detecting the presence or absence of an ampli 
?cation product, or detecting the siZe of the ampli?cation 
product and comparing the length to a control sample. It is 
anticipated that PCR and/or LCR may be desirable to use as 
a preliminary ampli?cation step in conjunction With any of 
the techniques used for detecting mutations described 
herein. 

[0098] In certain embodiments of the invention, alterna 
tive ampli?cation methods include, but are not limited to, 
self sustained sequence replication (Guatelli et al. (1990) 
Proc. Natl. Acad. Sci. USA 87:1874-1878), transcriptional 
ampli?cation system (KWoh, et al. (1989) Proc. Natl. Acad. 
Sci. USA 86:1173-1177), Q-Beta Replicase (LiZardi et al. 
(1988) Bio/Technology 6:1197)(the entire contents of each 
of Which are hereby incorporated by reference in their 
entirety), or any other nucleic acid ampli?cation method, 
folloWed by the detection of the ampli?ed molecules using 
techniques Well knoWn to those of skill in the art. These 
detection schemes are especially useful for the detection of 
nucleic acid molecules if such molecules are present in very 
loW copy numbers. 

[0099] In another embodiment of the present invention, 
mutations in a selected gene from a sample cell can be 
identi?ed by alterations in restriction enZyme cleavage pat 
terns. For example, sample and control DNA is isolated, 
ampli?ed (optionally), digested With one or more restriction 
endonucleases, and fragment length siZes are determined by 
gel electrophoresis and compared. Differences in fragment 
length siZes betWeen sample and control DNA indicates 
mutations in the sample DNA. Moreover, the use of 
sequence speci?c riboZymes (see, e.g., US. Pat. No. 5,498, 
531) can be used to score for the presence of speci?c 
mutations by development or loss of a riboZyme cleavage 
site. 

[0100] In other embodiments of the present invention, 
genetic mutations can be identi?ed by hybridiZing a sample 
and control nucleic acids, e. g., DNA or RNA, to high density 
arrays containing hundreds or thousands of oligonucleotides 
probes (Cronin et al. (1996) Human Mutation 7:244-255; 
KoZal et al. (1996) Nature Medicine 2:753-759)(the entire 
contents of each of Which are hereby incorporated by 
reference in their entirety). The use of automated scoring 
techniques and sophisticated data analysis softWare permits 
the collection of large amounts of data very quickly. (see 
e.g., US. Pat. No. 5,827,482; US. Pat. No. 5,821,060; US. 
Pat. No. 5,795,716; US. Pat. No. 5,763,599; US. Pat. No. 
5,741,644; US. Pat. No. 5,733,729; US. Pat. No. 5,733,509; 
US. Pat. No. 5,731,152; US. Pat. No. 5,728,532; US. Pat. 
No. 5,671,303; US. Pat. No. 5,632,957; US. Pat. No. 
5,605,662; US. Pat. No. 5,599,668; US. Pat. No. 5,593,839; 
US. Pat. No. 5,571,639; US. Pat. No. 5,561,071; and US. 
Pat. No. 5,445,934 (the entire contents of each of Which are 
herein incorporated by reference in their entirety). See also; 
Wang D. G., et al., Large-scale identi?cation, mapping, and 
genotyping of single-nucleotide polymorphisms in the 
human genome, Science (1998) 280 (5366): 1077-82; Hacia 
J. G., et al., Evolutionary sequence comparisons using 
high-density oligonucleotide arrays, Nat. Genet. 
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(1998)18(2): 155-8; Livache T., et al., Polypyrrole DNA 
chip on a silicon device: example of hepatitis C virus 
genotyping, Anal. Biochem. (1998) 255 (2): 188-94; Past 
inen T., et al., Minisequencing: a speci?c tool for DNA 
analysis and diagnostics on oligonucleotide arrays, Genome 
Res. (1997) 7(6): 606-14; Wang J., et al., Nucleic-acid 
immobiliZation, recognition and detection at chronopoten 
tiometric DNA chips, Biosens. Bioelectron. (1997) 12 (7): 
587-99; Hacia J. G., et al., Detection of heteroZygous 
mutations in BRCA1 using high density oligonucleotide 
arrays and tWo-colour ?uorescence analysis, Nat. Genet. 
(1996) 14(4): 441-7; Schena M., et al., Parallel human 
genome analysis: microarray-based expression monitoring 
of 1000 genes, Proc. Natl. Acad. Sci. Usa (1996) 93(20): 
10614-9; Southern E. M., DNA chips: analysing sequence 
by hybridiZation to oligonucleotides on a large scale, Trends 
Genet. (1996) 12(3): 110-5; Stimpson D. I., et al., Real-time 
detection of DNA hybridiZation and melting on oligonucle 
otide arrays by using optical Wave guides, Proc. Natl. Acad. 
Sci. Usa (1995) 92(14): 6379-83; Pease A. C., et al., Light 
generated oligonucleotide arrays for rapid DNA sequence 
analysis, Proc. Natl. Acad. Sci. Usa (1994) 91(11): 5022-6); 
Shumaker et al., Mutation Detection by Solid Phase Primer 
Extension, Hum. Mutation (1996) 7:346-54 (the entire con 
tents of each of Which are hereby incorporated by reference 
in their entirety). 

[0101] For example, and not by Way of limitation, genetic 
mutations can be identi?ed in tWo-dimensional arrays con 
taining light-generated DNA probes as described in Cronin 
et al., supra. Brie?y, a ?rst hybridiZation array of probes can 
be used to scan through long stretches of DNA in a sample 
and control to identify base changes betWeen the sequences 
by making linear arrays of sequential overlapping probes. 
This step alloWs the identi?cation of point mutations. This 
step is folloWed by a second hybridiZation array that alloWs 
the characteriZation of speci?c mutations by using smaller, 
specialiZed probe arrays complementary to all variants or 
mutations detected. Each mutation array is composed of 
parallel probe sets, one complementary to the Wild-type 
gene and the other complementary to the mutant gene. 

[0102] In yet another embodiment of the present inven 
tion, any of a variety of sequencing reactions knoWn in the 
art can be used to directly sequence a given gene and detect 
mutations by comparing the sequence of the sample nucleic 
acids With the corresponding Wild-type (control) sequence. 
Examples of sequencing reactions include those based on 
techniques developed by Maxim and Gilbert ((1977) Proc. 
Natl. Acad. Sci. USA 74:560) or Sanger ((1977) Proc. Natl. 
Acad. Sci. USA 74:5463). It is also contemplated that any of 
a variety of automated sequencing procedures can be uti 
liZed When performing the diagnostic assays ((1995) Bio/ 
Techniques 19:448), including sequencing by mass spec 
trometry (see, e.g., PCT Publication No. WO 94/16101; 
Cohen et al. (1996) Adv. Chromatogr. 36:127-162; and 
Grif?n et al. (1993) Appl. Biochem. Biotechnol. 38:147 
159)(the entire contents of each of Which are hereby incor 
porated by reference in their entirety). 

[0103] Other methods encompassed Within the present 
invention for detecting mutations in a selected gene include 
those methods in Which protection from cleavage agents is 
used to detect mismatched bases in RNA/RNA or RNA/ 
DNA heteroduplexes (Myers et al. (1985) Science 
230:1242). In general, the technique of mismatch cleavage 
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entails providing heteroduplexes formed by hybridizing 
(labeled) RNA or DNA containing the Wild-type sequence 
With potentially mutant RNA or DNA obtained from a tissue 
sample. The double-stranded duplexes are treated With an 
agent Which cleaves single-stranded regions of the duplex 
such as Which Will exist due to base pair mismatches 
betWeen the control and sample strands. RNA/DNA 
duplexes can be treated With RNase to digest mismatched 
regions, and DNA/DNA hybrids can be treated With S1 
nuclease to digest mismatched regions. 

[0104] In other embodiments of the present invention, 
either DNA/DNA or RNA/DNA duplexes can be treated 
With hydroxylamine or osmium tetroxide and With piperi 
dine in order to digest mismatched regions. After digestion 
of the mismatched regions, the resulting material is then 
separated by siZe on denaturing polyacrylamide gels to 
determine the site of mutation. See, e.g., Cotton et al. (1988) 
Proc. Natl. Acad. Sci. USA 85:4397; Saleeba et al. (1992) 
Methods Enzymol. 217:286-295 (the entire contents of each 
of Which are hereby incorporated by reference in their 
entirety). In a preferred embodiment, the control DNA or 
RNA can be labeled for detection. 

[0105] In still another embodiment of the present inven 
tion, the mismatch cleavage reaction employs one or more 
proteins that recogniZe mismatched base pairs in double 
stranded DNA (so called DNA mismatch repair enZymes) in 
de?ned systems for detecting and mapping point mutations 
in cDNAs obtained from samples of cells. For example, the 
mutY enZyme of E. coli cleaves A at G/A mismatches and 
the thymidine DNA glycosylase from HeLa cells cleaves T 
at G/T mismatches (Hsu et al. (1994) Carcinogenesis 
15 :1657-1662)(the entire contents of Which are hereby 
incorporated by reference in their entirety). According to an 
exemplary embodiment, a probe based on a selected 
sequence, e.g., a Wild-type sequence, is hybridiZed to a 
cDNA or other DNA product from a test cell(s). The duplex 
is treated With a DNA mismatch repair enZyme, and the 
cleavage products, if any, can be detected from electrophore 
sis protocols or the like. See, e.g., US. Pat. No. 5,459,039. 

[0106] In other embodiments of the present invention, 
alterations in electrophoretic mobility Will be used to iden 
tify mutations in genes. For example, single strand confor 
mation polymorphism (SSCP) may be used to detect differ 
ences in electrophoretic mobility betWeen mutant and Wild 
type nucleic acids (Orita et al. (1989) Proc. Natl. Acad. Sci. 
USA 86:2766; see also Cotton (1993) Mutat. Res. 2851125 
144; Hayashi (1992) Genet. Anal. Tech. Appl. 9:73-79)(the 
entire contents of each of Which are hereby incorporated by 
reference in their entirety). Single-stranded DNA fragments 
of sample and control nucleic acids Will be denatured and 
alloWed to renature. The secondary structure of single 
stranded nucleic acids varies according to sequence, and the 
resulting alteration in electrophoretic mobility enables the 
detection of even a single base change. The DNA fragments 
may be labeled or detected With labeled probes. The sensi 
tivity of the assay may be enhanced by using RNA (rather 
than DNA), in Which the secondary structure is more sen 
sitive to a change in sequence. In a preferred embodiment, 
the subject method utiliZes heteroduplex analysis to separate 
double stranded heteroduplex molecules on the basis of 
changes in electrophoretic mobility (Keen et al. (1991) 
Trends Genet. 7:5)(the entire contents of Which are hereby 
incorporated by reference in their entirety). 
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[0107] In yet another embodiment of the method of the 
present invention, the movement of mutant or Wild-type 
fragments in polyacrylamide gels containing a gradient of 
denaturant is assayed using denaturing gradient gel electro 
phoresis (DGGE) (Myers et al. (1985) Nature 313:495)(the 
entire contents of Which are hereby incorporated by refer 
ence in their entirety). When DGGE is used as the method 
of analysis, DNA Will be modi?ed to insure that it does not 
completely denature, for example by adding a GC clamp of 
approximately 40 bp of high-melting GC-rich DNA by PCR. 
In a further embodiment of the present invention, a tem 
perature gradient is used in place of a denaturing gradient to 
identify differences in the mobility of control and sample 
DNA (Rosenbaum and Reissner (1987) Biophys. Chem. 
265:12753)(the entire contents of Which are hereby incor 
porated by reference in their entirety). 

[0108] Examples of other techniques for detecting point 
mutations include, but are not limited to, selective oligo 
nucleotide hybridiZation, selective ampli?cation, or selec 
tive primer extension. For example, oligonucleotide primers 
may be prepared in Which the knoWn mutation is placed 
centrally and then hybridiZed to target DNA under condi 
tions Which permit hybridiZation only if a perfect match is 
found (Saiki et al. (1986) Nature 3241163); Saiki et al. 
(1989) Proc. Natl. Acad. Sci. USA 86:6230)(the entire con 
tents of each of Which are hereby incorporated by reference 
in their entirety). Such allele speci?c oligonucleotides are 
hybridiZed to PCR ampli?ed target DNA or a number of 
different mutations When the oligonucleotides are attached 
to the hybridiZing membrane and hybridiZed With labeled 
target DNA. 

[0109] Alternatively, allele speci?c ampli?cation technol 
ogy Which depends on selective PCR ampli?cation may be 
used in conjunction With the method of the instant invention. 
Oligonucleotides used as primers for speci?c ampli?cation 
may carry the mutation of interest in the center of the 
molecule (so that ampli?cation depends on differential 
hybridiZation) (Gibbs et al. (1989) Nucleic Acids Res. 
17:2437-2448)(the entire contents of Which are hereby 
incorporated by reference in their entirety) or at the extreme 
3‘ end of one primer Where, under appropriate conditions, 
mismatch can prevent or reduce polymerase extension 
(Prossner (1993) Tibtech 11:238)(the entire contents of 
Which are hereby incorporated by reference in their entirety). 
In addition, it may be desirable to introduce a novel restric 
tion site in the region of the mutation to create cleavage 
based detection (Gasparini et al. (1992) Mol. Cell Probes 
6:1)(the entire contents of Which are hereby incorporated by 
reference in their entirety). It is anticipated that in certain 
embodiments of the present invention ampli?cation may 
also be performed using Taq ligase for ampli?cation (Barany 
(1991) Proc. Natl. Acad. Sci. USA 88:189)(the entire con 
tents of Which are hereby incorporated by reference in their 
entirety). In such cases, ligation Will occur only if there is a 
perfect match at the 3‘ end of the 5‘ sequence making it 
possible to detect the presence of a knoWn mutation at a 
speci?c site by looking for the presence or absence of 
ampli?cation. 

[0110] Yet another means of analyZing genetic informa 
tion is “dynamic allele speci?c hybridization” (DASH). This 
technique uses labeled oligonucleotides in a multiWell for 
mat that Will ?uoresce When the oligonucleotide exists in a 
double-stranded form, but not When it is single-stranded. 








































