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Commentary 

An Oligonucleotide Array to Detect Genetically 
Modified Events in Potato 

MALLIGA M. NAGARAJAN and SOLKE H. DE BOER* 
Canadian Food Inspection Agency 

Abstract. For rapid and simultaneous detection of transgcnic elements in genetically mod- 
ified (GM) food crops, we explored DNA array technology. Forty-four oligonucleotide 23- 
to 31-mers were selected to use in an array on the basis of melting temperature and se- 
quence specificity. Selected oligonucleotides consisted of DNA fragments corresponding 
to structural and regulatory elements and selectable markers used in developing transgenic 
crops, such as potato. Other oligonucleotides represented endogenous genes from potato to 
serve as positive controls and from heterologous crops, such as soybean and canola, to 
serve as negative controls. Amino-terminated oligonucleotides were hand-spotted on acti- 
vated nylon membrane with a commercial spotting device. Target DNA was isolated from 
foliage of transgenic and nontransgenic crops, including potato, and labeled with 
digoxigenin-dUTP by random priming following restriction digestion to reduce DNA frag- 
ment size. Hybridization signals were visualized by an alkaline phosphatase anti-DIG-Fab 
conjugate and the chemiluminescent substrate, CDP-star. We detected the presence or ab- 
sence of transgenic elements in transgenic and nontransgenic potato samples. Preliminary 
studies demonstrated that more specific and sensitive hybridization signals were generated 
from an oligonucleotide probe array than from a PCR product array. We anticipate that 
oligonuclcotide probe arrays will be useful for regulatory monitoring of transgenic events. 
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Introduction 

The demand to detect GM traits in agricultural products is increasing. Further- 
more, with the introduction of new GM crop varieties, detection in crop plants 
will become even more complex in the future. Even though traditional PCR for 
detecting GM crops (Markus et al., 1999; Kota et al., 1999) has high sensitivity 
and specificity, only one target gene can be detected in most cases. Multiplex 
PCR methods can be used for detecting more than one target sequence, such as 
CaMV 35S-P, nos-P, nos-t, npt II, and cpsps in soybean and tobacco (Tao et al., 
2001). However, it is difficult to apply conventional methods to confirm 
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and authenticate PCR products generated when multiplex methods are used to si- 
multaneously amplify 2 or more DNA fragments (Li et al., 2001). Developing a 
successful PCR method is difficult when the source of the introduced functional 
or structural genes is unknown. Genetic modification details may be unknown be- 
cause of proprietary work and because different sequences are adopted by differ- 
ent companies to produce the same GM trait in crops. This is exacerbated when 
unapproved genetic modifications whose sequences are not commonly available 
are introduced. The extreme sensitivity of PCR is also problematic because the 
slightest DNA contaminant can serve as a PCR template. PCR primer pairs target- 
ing the T-DNA of Agrobacterium tumefaciens integrated into the plant genome, 
for example, can result in products that cannot be clearly differentiated from 
sequences amplified from natural contamination by tumorogenic Agrobacterium 
strains (Wassenegger et al., 2001). 

Oligonucleotide arrays offer a potential solution by interrogating the ge- 
nome directly at the DNA sequence level (Kingsley et al., 2002; Beattie, 1997; 
Salazar and Caetano-Anoll6s, 1996). A large number of possible probe sequences 
can be immobilized within an oligonucleotide array. Arrays are versatile and easy 
to fabricate, and hybridization results are obtained in a single assay with a labeled 
target sample. Furthermore, a range of oligonucleotide sequences of similar theo- 
retical T m can be screened at a given hybridization stringency to determine their 
efficiency in generating satisfactory signal intensity following hybridization with 
various targets that may be present in GM plants. It allows for the development of 
a satisfactory array and possibly high-throughput methods for the simultaneous 
monitoring of transgenic sequences. 

The 2 basic types of arrays arc microarrays on glass slides and high-density 
filter arrays (HDFA) on nylon membranes. We explored the feasibility of using an 
oligonucleotide membrane array for the detection of transgene-specific events in 
crops using GM potatoes as a primary target. Here we report optimized conditions 
for the design and immobilization of oligonucleotides onto a membrane to con- 
struct a prototype array, the synthesis of digoxigenin-labeled DNA target samples, 
and hybridization conditions for the array that allow for sensitive and specific 
chemiluminescent detection of various transgenic elements present in crops such 
as potato, canola, and soybean. (Note that terminology used in this article 
describes the DNA spotted to the membrane surface as the probe and the 
digoxigenin-labeled DNA sample that hybridizes to the array as the target.) 

Materials and Methods 

Plant material 

The tubers used were of non-GM potato cultivar Shepody and of GM potato 
cultivars NL-10-Atlantic (line ATBT04-06, 27, 30, 31, 36), NL-20-Shepody (line 
SEMTI5-02, 15), NL-30-RBK-350 (line RBMT21-350), and NL-30-RBK-082 
(line RBMT22-082). Seeds of GM canola lines MSI/RFI and HCN92 and GM 
soybean line GTS-40-3-2 (SI4M7RR) were also used. 
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Nucleic acid extraction 

Target DNA for labeling was extracted by using a DNeasy Plant Maxi kit 
(Qiagen, Mississaga, Ontario) with minor modifications. Young leaves were har- 
vested from 2- to 4-week-old plants grown under standard greenhouse conditions. 
Briefly, 0.7-1 g of these leaves was finely minced and mixed with 6 mL of pre- 
heated lysis buffer and 40 laL of RNase A (100 mg/mL) (Qiagen) and incubated 
for 1 h at 65~ To the lysate mix, 2.2 mL of the precipitation reagent was added 
and incubated on ice for 10 min before further processing according to the manu- 
facturer's instructions. Purity of eluted DNA was determined by measuring 
the A260/A280 ratio, and the concentration was calculated from the 260 nm 
absorbance. 

DIG labeling of target DNA 

For random primed DIG labeling, 4-5 [.tg of purified DNA was digested with re- 
striction endonuclease Mbo 1 for 4 h (Sambrook et al., 1989). DNA fragments 
were purified from the digestion reaction mix with the MinElute reaction cleanup 
kit (Qiagen) according to the manufacturer's instructions. DIG-labeling was per- 
formed following denaturation of the DNA fragments in a boiling waterbath for 
10 min and snap chilling for about 5-10 min. Five microliters of DIG-High Prime 
mix (Roche Diagnostics, Laval, Quebec) was added to 20 ~L of chilled denatured 
template DNA. The reaction mix was incubated at 37~ overnight. The labeling 
reaction was stopped by adding 2.5 laL of 0.5 M EDTA and heating at 65~ for 
10 min. The reaction mix was increased to 100 I-tL with deionized water and puri- 
fied using the QIA Quick PCR Purification Kit (Qiagen). Concentration of labeled 
target DNA was determined by means of chemiluminescent dot blot analysis of 
serial dilutions as specified by Roche Diagnostics. 

Fabrication of" oligonucleotide probe array 

Oligonucleotide probes were designed to detect various transgene- and 
endogene-specific sequences present in selected crops (Table 1). Sequences of 
most of the probes used in this study were selected from public data banks, such 
as GenBank. Optimal probes ranging in length from 23- to 31-mer with a melting 
temperature of 63~ and similar G+C content were designed using the software 
Array Designer 2.0 (Premier Bio-soft International, Palo Alto, CA, USA). The 5' 
C6 amino-terminated oligonucleotides were purchased from Biotechnology Re- 
search Institute, National Research Council of Canada (Montreal, Quebec). 

Amino-terminated oligonucleotides were diluted to a concentration of 
20-30 laM in sodium bicarbonate buffer (50 mM [pH 9.6]). A duplicate set of di- 
luted oligonucleotides were spotted onto preactivated Immunodyne ABC mem- 
branes (Pall Europe Ltd, Portsmouth, UK) with aldehyde surface chemistry by 
using a VP 384 multiblot replicator manifold (V&P Scientific Inc., San Diego, 
CA, USA) according to the manufacturer's instructions. Blotted membranes were 
air-dried for 30 min and blocked for 20 min at RT in blocking solution (2 x SSC 
[1 • SSC is 0.15 M sodium chloride plus 0.015 M sodium citrate], 0.5% blocking 
reagent [w/v] ]Roche], 0.05% Tween20), rinsed in 2 x SSC for 20 min, air-dried 
again, and stored for long-term use in an envelope at RT. 
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Hybridization of arrays with labeled targets 

Dot blot hybridizations were performed in a reverse mode with immobilized and 
unlabeled oligonucleotides on the membrane (Lrvesque et al., 1998; Fessehaie et 
al., 2003) with minor modifications. Hybridization onto the blotted array was per- 
formed with denatured random primed DIG-labeled DNA targets from selected 
crops. Briefly blotted membranes were prehybridized for 1.5 h in hybridization 
buffer (5 x SSC, 1% blocking reagent [w/vl [Rochel, 0.1% N-lauroylsarcosine 
lw/v], 0.02% SDS) at 57~ Hybridizations were performed in roller bottles from 
6 h to overnight at 57~ with 10 mL of hybridization buffer containing 
100 ng/mL of denatured digoxigenin-labeled target DNA. After hybridization, 
membranes were washed twice with 2 x SSC/0.1% SDS at RT for 10 min each 
and twice with 0.5 • SSC/0.1% SDS at hybridization temperature for 15 min 
each. 

Chemiluminescent detection 

Before detection, membranes were blocked by incubation with 1% blocking solu- 
tion (Roche) for 30 min at RT. Digoxigenin was detected by incubation with a 
1:10,000 dilution of antidigoxigenin alkaline phosphatase conjugate (Roche Diag- 
nostics) in 1% blocking solution (Roche) for 30 min at RT. Membranes were 
washed and, for chemiluminescent signal generation, incubated with the chemilu- 
minescent substrate CDP-star (Roche). Membranes were sealed, and chemilu- 
minescent images were gathered by exposing the membrane from 10 min to 2 h in 
the Syngene Genegnome imager system (Synoptics Ltd, Cambridge, UK). Signal 
intensities were later analyzed and compared. 

Results 

Development of oligonucleotide probes 

All oligonucleotides were synthesized with C6 amino linker modification to en- 
hance covalent attachment to the activated membrane surface. Optimal probe dilu- 
tions were determined by binding different concentrations of oligonucleotides 
(10-35 I.tM) to the membrane. The optimal concentration was 25 I.tM. To optimize 
the hybridization temperature, membranes spotted with the same panel of opti- 
mized probe concentrations were hybridized with digoxigenin-labeled target DNA 
at temperatures ranging from 52-59~ Cross-reactions of several labeled target 
DNA samples with heterologous probes were observed when 6 x SSC buffer was 
used for hybridization. Cross-reactions were minimized by using a 5 x SSC buffer 
at incubation temperatures ranging from 54-59~ and increasing the washing 
stringency. Hybridization at 57~ was optimal. However, increasing the tempera- 
ture above 57~ in order to minimize cross-hybridization of some probe elements 
had an adverse effect on sensitivity at all points with decreased signal intensity 
(data not shown). All further hybridizations were done at 57~ on membranes 
spotted with 25 I, tM of oligonucleotides in duplicate. 



Oligonucleotide array for detecting GM events 265 

Specificity of the oligonucleotide probe array 

To determine whether arrayed probe elements retained their expected hybridiza- 
tion specificity with labeled samples, we evaluated hybridization results with la- 
beled DNA extract from a transgenic potato cultivar NL-30-RBK-082. The array 
revealed substantial discriminatory hybridization to the targeted sequences (Fig- 
ure 1, Table 2). Under hybridization conditions, nucleotides designed for targeting 
the transgene regulatory sequence showed a differential hybridization pattern. Of 
3 oligonucleotides (probes 26-28) targeting the FMV-promoter, only probes 26 
and 28 hybridized to the test DNA (Table 2). Of 3 oligonucleotides (probes 9-11) 
targeting the transgenic functional cry 3A gene, test DNA only hybridized to 
probes 9 and 10. Nonspecific hybridization was observed only with oligo- 
nucleotide probe 21 (out of probes 19-21), which targets the transgene fragment 
encoding PVY coat protein rendering PVY virus resistance, a trait not present 
in the tested cultivar, NL-30-RBK-082 (Table 2). Some other unrelated oligo- 
nucleotides, such as probes 2, 3, 15, and 16 targeting transgenes bar, barstar, 
bxn-nitilase, and pat, respectively, also displayed nonspecific hybridization. 
Endogene-specific hybridization was observed with oligonucleotide probes from 
potato, but not with heterologous endogene-specific sequences targeting cruciferin 
A from canola and lectin from soybean (Table 2). 

Evaluation of oligo probes 

The specifcity of the probe array for detecting GM-specific sequences was evalu- 
ated using a non-GM potato cultivar Shepody, which served as a negative control 
for transgene structural and regulatory sequences. In general, hybridization results 
scored on the basis of specificity and signal intensity matched the expected results 
(Table 3). Moreover, results with other GM potato cultivars (e.g., NL-10-Atlantic, 
NL-20-Shepody, NL-30-RBK-350) and GM lines from canola (MSI/RF1, HCN 
92) and soybean (GTS-40-3-2) clearly revealed the specificity and discriminatory 
potential of the array (Table 3). Following hybridization experiments with a num- 
ber of labeled targets, differentiating GM potato cultivars from the non-GM po- 
tato cultivar and from other transgenic crops with comparable efficiencies was 
possible (Table 3). Selective discriminatory probes with distinctive targeting prop- 
erties were identified: transgene-specific oligonucleotide probes 9 and 10 for cry 
3A; 13 and 14 for epsps-CP4 of transgenic potato and soybean, respectively; 
20 for pvy coat protein; 22 and 23 for CaMV-35S-P; 24 for CaMV-t; 26 and 
28 for FMV-P; 30 for nos-P; 32 and 33 for nos-t; 36 for npt II; endogene-specific 
oligonucleotide probe 40 for canola cruciferin; 42 for patatin; and 43 for soybean 
lectin (Table 3). Thus, the array permitted the identification of not only major 
functional transgenes present in potatoes, but also several common regulatory 
elements present in transgenic plants (e.g., promoters nos-E CaMV-35S-P, and 
FMV-P; terminators nos-t and CaMV-t; marker nptII). 

Discussion 

We have described the development of an oligonucleotide array used for the 
simultaneous detection of GM traits in potatoes. Our approach was to use labeled 
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Figure 1. Chemiluminescent reaction of DIG-labeled target DNA from transgenic potato cultivar, 
NL-30-RBK-082, following hybridization to probes on an oligonucleotide array. Oligonucleotides 
were spotted in duplicate; A-B (probes 1-16); C-D (probes 17-32); E-F (probes 33-44); the last 4 
spots in rows E and F spotted with buffer control. See Table 1 for probe identity. 

Table 2. Hybridization of DIG-labeled target DNA from transgenic potato cultivar NL-30-RBK-082 
to oligonucleotide probes in a membrane array. 

Oligo Oligo 
Probe Length Targeted Gene Hyb. Probe Length Targeted Gene Hyb. 
No. (nt) Fragment Results No. (nt) Fragment Results 

1 26 bar 23 28 CaMV -35S-P 
2 28 bar + 24 25 CaMV- t 
3 27 barstar + 25 27 CTP (A. thaliana) + 
4 25 bla 26 27 FMV-P + 
5 27 crylA(b) 27 26 FMV-P 
6 24 cry 1A(b) 28 25 FMV-P + 
7 26 cry 1A(c) 29 27 mas-P 
8 26 crylC + 30 25 nos-P + 
9 25 cry3A + 31 27 nos-P 
10 27 cry3A + 32 25 nos-t + 
11 30 cry 3A 33 23 nos-t + 
12 25 epsps-cp4 (potato) + 34 31 3' rbcs-E9 + 
13 26 epsps-cp4 (potato) + 35 26 Aada 
14 26 epsps-cp4 (RR- soy) 36 25 npt II 
15 24 bxn-nitrilase + 37 27 npt II 
16 24 pat + 38 25 T-DNA left border 
17 25 plrv-replicase 39 26 T-DNA right 

border 
18 23 plrv-replicase + 40 25 cruciferin A 
19 24 pvy-coat protein 41 26 patatin + 
20 27 pvy-coat protein 42 27 patatin + 
21 26 pvy-coat protein + 43 25 soy-lectin 
22 25 CaMV- 35S-P 44 25 maize-invertase 

g e n o m i c  D N A  rather  than a P C R - a m p l i f i e d  p roduc t  (Fesseha ie  et al., 2003; Saiki  

et al., 1989) to hybr id ize  to the o l igonuc leo t ide  array. This  a l lows  for  the s imul ta-  

neous  de tec t ion  o f  mul t ip le  t ransgenic  targets  wi thout  pr ior  k n o w l e d g e  o f  the 

inser t ional  even t  or even t s  p resen t  in the crop.  C h e m i l u m i n e s c e n t  de tec t ion  for  
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the presence of GM-specific target sequences in potato focused on optimizing 
conditions, including hybridization stringency conditions and the length and con- 
centration of synthetic oligonucleotide probes immobilized on the membrane. 
Hybridization experiments were performed under different conditions (buffer 
composition, temperature, washing stringency) to reduce cross-reactive signals 
and to improve discrimination. In many cases, clear reproducible hybridization 
signals were readily differentiated at levels well above background. Some 
cross-hybridization occurred, probably when probes shared a high percent of se- 
quence identity with unknown native endogenous genes present in the plants. 
Other stringency conditions could have minimized cross-reactive signals. We se- 
lected stringent annealing conditions to ensure maximum specificity, with hybrid- 
ization above 54~ a temperature generally recommended for oligonucleotide 
membrane arrays. As a result, we were able to interpret hybridization results on a 
yes or no basis and correlate them with the known presence or absence of a 
transgene sequence in the target samples. A non-GM potato cultivar Shepody was 
included as a negative control to assess the specificity of the hybridization signals 
generated. Hybridization results support the specificity of the signals generated 
with some discriminatory probes being identified among the 44 oligonucleotide 
probes that were screened. Other heterologous GM crops were used as checks 
(Table 3). Results suggest the usefulness of oligonucleotide array-based methods 
for detecting a number of GM-specific traits in crops. 

The favorable results are ascribed to the use of probes with identical melt- 
ing temperatures, similar GC content, and similar length; the aldehyde-activated 
surface chemistry of the membrane for efficient immobilization of the oligo- 
nucleotide probes; and the sensitivity of chemiluminescent signal detection. 
Because different DNA sequences with similar composition may exhibit dramati- 
cally different hybridization properties and all hybridizations must take place un- 
der identical conditions, a better array design can be accomplished by screening a 
number of probes in prior experimental hybridizations before including them in a 
targeted oligonucleotide array consisting of a limited number of probe elements 
(Anthony et al., 2001; Brown and Anthony, 2000; Southern et al., 1999, 1994). It 
is feasible to include more than one specific probe element for any given GM trait 
in an array, thereby increasing the potential for error-proof detection. It is also 
possible to automate quantification of signal intensities when a high-density array 
consisting of a large number of probe elements is used. Robotic spotting of the 
membrane would also facilitate the fabrication of a robust and a cleaner array 
while minimizing the variation in spot sizes that can occur during manual dot 
blotting. 

Our approach allowed for a flexible design and adjustable stringency 
conditions for modulating mismatched cross-hybridization in order to develop a 
satisfactory oligonucteotide array for monitoring GM crops. Cross-hybridization 
reactions observed with some probes and heterologous targets can perhaps be 
overcome by including more screening probes in the array for different target se- 
quences. Moreover, such flexibility allows for the addition of new probes as new 
GM crops are approved and for monitoring unapproved GM events. 

We evaluated the performance of selected transgene- and endogene-specific 
amplified and purified PCR probes ranging in size from 160-250 bp spotted onto 
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membrane arrays. Our results showed considerable cross-hybridization of labeled 
target DNA with heterologous PCR probes on the array regardless of the hybrid- 
ization buffer and stringency conditions used involving high temperature and 
low ionic strength (data not shown). Moreover, some DNA sequences cannot be 
amplified efficiently, resulting in low amounts of PCR products that may be inad- 
equate to produce good quality arrays. Besides, producing PCR probes is a 
time-consuming and error-prone approach involving rigorous quality control 
(Atifi et al., 2002). These constraints prompted us to explore an alternative detec- 
tion strategy using the oligonucleotide probe array. We obtained reproducible and 
adequately specific hybridization patterns and detected the presence of transgene- 
and endogene-specific sequences in selected crops. In addition, spotted mem- 
branes can be stored at ambient conditions for long-term use and can be reused 
without substantial loss of sensitivity, thereby facilitating standardization across 
different hybridization experiments (Fessehaie et ai., 2003). Furthermore, array 
hybridization data are easily amenable for automated analysis because the loca- 
tion of each signal is absolute. This offers significant advantages to analysis speed 
and the ability to perform tests simultaneously with little additional equipment. A 
number of target sequences can be detected in a single hybridization experiment 
before concluding whether a crop is GM. Thus, arrays provide a superior alterna- 
tive with a dynamic range of detection capabilities compared to the conventional 
PCR and antibody-based immunoassays currently being used to detect GMOs in 
crops (Lipton et al., 2000; Brett et al., 1999). 

Our results represent a novel and preliminary report of an oligonucleotide 
array with the potential for simultaneously detecting some widely occurring com- 
mon and specific transgenic sequences in crops. The method is rapid and conve- 
nient and can detect a number of insertional events. The possibility of including 
additional probes specific for a new GM crop makes the approach ideal for early 
detection and investigation of transgenic crops. We anticipate that one can obtain 
a satisfactory targeted oligonucleotide array for use in microarray as well to en- 
hance its suitability for routine use in detecting approved and undeclared GM 
events. The oligonucleotide array may then have great potential where it can 
be conveniently adapted for simultaneous determination of plant pathogens by 
including probes targeting specific markers associated with pathogenesis 
(Chizhikov et al., 2001) and for simultaneous differentiation of different cultivars 
by including appropriate genetic markers in the array. 

Acknowledgments 

We thank Toni-Lynn DeHaan and the greenhouse staff, Bob Jenkins and 
Marcellin Garneau tbr growing the plants, and Len Ward for technical help. 

References 

Anthony RM, Brown TJ, and French GL (2001) DNA array technology and diagnostic 
microbiology. Expert Rev Mol Diagn 1: 30-38. 

Atifi ME, Dupr6 1, Rostaing B, Chambaz EM, Benabid AL, and Berger F (2002) Long 
oligonucleotide arrays on nylon for large-scale gene expression analysis. Biotech 33: 
612-617. 



270 Nagarajan and De Boer 

Beattie KI. (1997) Genomic fingerprinting using oligonucleotide arrays. In: 
Caetano-Anoll6s G and Gresshoff PM (eds). DNA Markers: Protocols. Applications, 
and Overviews, pp 213-224. John Wiley and Sons, New York, NY. 

Brett GM, Chambers S J, Huang L, and Morgan MRA (1999) Design and development of 
immunoassays for detection of proteins. Food Control 10: 401-406. 

Brown TJ and Anthony RM (2000) The addition of low number of 3' thymine bases can 
be used to improve the hybridization signal of oligonucleotides for use within arrays 
on nylon supports. J Microbiol Meth 42: 203-207. 

Chizhikov V, Rassoly A, Chumakov K, and Levy DD (2001) Microarray analysis of 
microbial virulence factors. Appl Environ Microbiol 67: 3258-3263. 

Kota R, Holton TA, and Henry RJ (1999) Detection of transgenes in crop plants using 
molecular beacon assays. Plant Mol Biol Rep 17: 363-370. 

Fessehaie A, De Boer SH, and L6vesque CA (2003) An oligonucleotide array for identifi- 
cation and differentiation of bacteria pathogenic on potato. Phytopathology 93(3): 
262-269. 

Kingsley MT, Straub TM, Call DR, Daly DS. Wunschell SC. and Chandler DP (2002) 
Fingerprinting closely related Xanthomonas pathovars with random nonamer 
oligonucleotide microarrays. Appl Environ Microbiol 68: 6361-6370. 

Li J, Chen S, and Evans DH (2001) Typing and subtyping influenza virus using DNA 
microarrays and multiplex reverse transcriptase PCR. J Clin Microbiol 39: 696-704. 

L6vesque CA. Harlton CE, and De Cock AWAM (1998) Identification of some oomycetes 
by reverse dot blot hybridization. Phytopathology 88: 213-222. 

Lipton CR, Dantlick JX, Grothaus GD, Hunst PL, Magin KM, Mihalik CA. Rubio FM. 
and Stave JW (2000) Guidelines for the validation and use of immunoassays for deter- 
mining of introduced proteins in biotechnology enhanced crops and derived food 
ingredients. Food Agric lmmunol 12: 153-164. 

Markus L, Brodmann P, Pietsch K, Pauwels J, and Anklam E (I 999) IUPAC collaborative 
trial study of a method to detect genetically modified soybeans and maize in dried 
powder. Food Comp Add 82: 923-928. 

Saiki RK, Walsh PS, Levenson CH, and Erlich HA (1989) Genetic analysis of amplified 
DNA with immobilized seqt, ence-specific oligonucleotide probes. Proc Nail Acad Sci 
USA 86: 6230-6234. 

Salazar NM and Caetano-Anoll6s G (1996) Nucleic acid scanning-by-hybridization of 
enterohaemorrhagic Escherichia coli isolates using oligodeoxynucleotides array. Nucl 
Acids Res 24: 5056-5057. 

Sambrook J, Fritsch EF, and Martin CK (1989) Molecular Cloning: A Laboratory Manual. 
Cold Spring Harbor Laboratory Press, New York. 

Southern EM. Mir K, and Schepinov M (1999) Molecular interactions on microarrays. 
Nature Genet (Suppl 21): 5-9. 

Southern EM, Case-Green SC, and Elder JK (1994) Arrays of complementary oligo- 
nucleotides for analyzing the hybridization behavior of nucleic acids. Nucl Acids Res 
22 1368-1373. 

Tao Z, Cai X-E Yang S-I., and Gong Y (2001) Detection of exogenous genes in geneti- 
cally modified plants with multiplex polymerase chain reaction. Plant Mol Biol Rep 
19: 289-298. 

Wassenegger M (2001) Advantages and disadvantages of using PCR techniques to charac- 
terize transgenic plants. Mol Biotech 17: 73-82. 


