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DOT-BLOTS/NUCLEIC ACID SPOT 
HYBRIDIZATION (NASH)

VIRUS-SPECIFIC NUCLEIC ACID SPOT HYBRIDIZATION (NASH)

Sap extracts spotted on membrane          Hybridization and development
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STRIPPING AND RE-PROBING BLOTS TO DETECT MULTIPLE 
VIRUSES BY NASH

Hybridized with probe for virus “A”          Stripped and re-probed to detect virus “B”

= dually infected with “A” and “B” 

SEQUENTIAL PROBE VERSUS MULTIPROBE
Hybridized with probe for virus “A”          Probed for both virus “A” and virus “B”

Unable to differentiate viruses “A” and “B” 
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MIXTURES OF RIBOPROBES

• SANCHEZ-NAVARRO ET AL. (1999) J. VIROL. METHODS 82:167-175
CARNATION – DIG-labelled riboprobes to CarMV CVMV CRSV CARNATION – DIG-labelled riboprobes to CarMV, CVMV, CRSV, 
CIRV, CLV mixed; CERV not detected because of necessity for RNase
treatment to eliminate background

• IVARS ET AL. (2004) EUR. J. PLANT PATHOL. 110:275-283
PELARGONIUM – Mixed DIG-RNA probes to PFBV and PLPV

• CAN MIX AND MATCH RIBOPROBES FOR SPECIFIC VIRUSES, AND 
IDENTIFY INFECTED PLANTS, BUT NOT IDENTIFICATION OF WHICH 
SPECIFIC VIRUS(ES) ARE PRESENT

POLYPROBES

• SINGH ET AL. (1994) J. VIROL. METHODS 49:221-234
POTATO – Multimeric DIG-labelled riboprobes increased sensitivity of PSTVdPOTATO Multimeric DIG labelled riboprobes increased sensitivity of PSTVd

detection compared to multimeric cDNA probes

• HERRANZ ET AL. (2005) J. VIROL. METHODS 124:49-55
STONEFRUIT TREES – DIG-labelled riboprobes for two (PPV-ACLSV), four (PNRSV-

APMV-PDV-APLPV) or six (PPV-ACLSV- PNRSV-APMV-PDV-APLPV) viruses 

• TECHNICALLY SIMPLER THAN MIXING RIBOPROBES, AND ALLOWS 

DETECTION OF ANY OF THE VIRUSES, BUT NOT IDENTIFICATION OF 

WHICH SPECIFIC VIRUSES ARE PRESENT
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POLYPROBE – HERRANZ ET AL. (2005)

Polyprobe assembly

Herranz et al. (2005) J. Virol. Methods 124:49-55

MACROARRAYS AND 
MICROARRAYS
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COMPARISON OF NASH VS. MACROARRAYS/MICROARRAYS

• NASH • MACROARRAYS/MICROARRAYS

- Unlabeled plant extracts/nucleic acids 

spotted on substrate

- Labeled probes hybridized to samples on 

membranes

- Localization of labeled virus-specific probe 

identifies infected samples 

- Unlabeled virus specific probes spotted on 

substrate

- Labeled (directly or after amplification) 

nucleic acid samples hybridized to array

- Localization of labeled sample NA identifies 

virus(es) present

* *
*

** * ** *
**

*
*

= plant extracts = virus-specific probe = labeled plant extract NA
* * **

* = label

(virus) A             B            C            D            E

MACROARRAYS AND MICROARRAYS

• DIFFERENTIATED BY SCALE (10’S TO 1,000’S OF PROBES)

VIRUS SPECIFIC PROBES ARE ARRAYED ON A SUBSTRATE  AND • VIRUS-SPECIFIC PROBES ARE ARRAYED ON A SUBSTRATE, AND 
LABELLED EXTRACTS ARE HYBRIDIZED AGAINST THE ARRAY 
(essentially inverted NASH)

• HYBRIDIZATION SIGNAL REVEALS WHICH VIRUS(ES) ARE PRESENT

• MIXED INFECTIONS OF DISTINCT VIRUSES OR STRAINS CAN BE 
DISTINGUISHED BY APPROPRIATE PROBESDISTINGUISHED BY APPROPRIATE PROBES
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MACRO- AND MICROARRAY

• UNLABELED VIRUS-, STRAIN- OR GROUP-SPECIFIC PROBES ARE 
ARRAYED ON A SOLID SUPPORT

• PROBES MAY BE cDNA CLONES, PCR PRODUCTS, OR 
OLIGONUCLEOTIDES (15- TO 70-mers)

• SAMPLE TOTAL NUCLEIC ACIDS ARE AMPLIFIED USING UNBIASED 
AMPLIFICATION TECHNIQUES

• AMPLIFIED DNA IS POST-LABELED (ENZYME, ISOTOPE, OR DYE LABEL) 
AND HYBRIDIZED TO THE ARRAY

• HYBRIDIZATION PATTERN IS ANALYZED

PROBES
- Earliest microarrays used PCR products of 200-1000 bp amplified from cDNA libraries; labor intensive and 

prone to error; long probes tolerate mismatches, and lower specificity; must ne denatured prior to hybridization
- Currently typical to use defined synthetic oligonucleotides of 20-70 nt; apply at uniform concentration; no need 

to denature; terminal modifications and/or spacers can orient the probe on the array, minimize steric hindrance

• MACROARRAYS

- typically 10’s to 100’s of probes

- typically spotted on membranes

- enzymatic, isotopic, or dye labeling 0f 

sample (target) nucleic acids

- representative conserved host probes as a 

• MICROARRAYS

- typically 100’s to 1000’s of probes

- typically spotted on glass or plastic supports

- typically fluorescent dye labeling of 

amplified sample (target) nucleic acids

- representative conserved host probes as a 

control for efficiency of amplification and 

hybridization

- probes may be arranged in patterns to 

allow rapid visual analysis of results

control for efficiency of amplification and 

hybridization

- instrumentation and software required to 

capture and analyze results
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PROBE DESIGN

• LONGER PROBES > GREATER MISMATCHING, GREATER PROBABILITY OF DETECTING RELATED 

SEQUENCES

- 50-70-mer oligos ideal for group-specific detection (using sequences highly conserved at genus 50 70 mer oligos ideal for group specific detection (using sequences highly conserved at genus 

or family level) or virus-specific detection 

• SHORTER (15-25-mer) PROBES CONFER HIGHER SPECIFICITY

• PROBES TO BOTH (+) AND (-) STRANDS 

- both strands of sample NA are amplified by unbiased PCR

• SEVERAL PROGRAMS AVAILABLE FOR PROBE DESIGN, SOME SPECIFICALLY FOR MICROARRAYS

- G+C content

- Melting temperature (Tm)

- Lack of self-annealing (hairpin formation)

UNBIASED TARGET AMPLIFICATION

• FOR RNA VIRUSES REACHING HIGH CONCENTRATION, IT WOULD BE POSSIBLE TO LABEL 

TARGET DNA DIRECTLY (RT WITH RANDOM PRIMERS)TARGET cDNA DIRECTLY (RT WITH RANDOM PRIMERS)

• FOR VIRUSES/VIROIDS AT LOW CONCENTRATION, AMPLIFICATION SIGNIFICANTLY INCREASES 

DETECTION

• UNBIASED AMPLIFICATION LABELS ALL NUCLEIC ACIDS PRESENT; SOME DIFFERENTIAL 

AMPLIFICATION, BUT SUPERIOR SENSITIVITY TO MULTIPLEX PCR

• DEPLETION OF RIBOSOMAL RNA AND OTHER HIGH-TITER HOST RNAs PRIOR TO UNBIASED DEPLETION OF RIBOSOMAL RNA AND OTHER HIGH TITER HOST RNAs PRIOR TO UNBIASED 

AMPLIFICATION SIGNIFICANTLY IMPROVES SIGNAL:NOISE RATIO FOR LOW-TITERED VIRUSES, 

WITHOUT PREVENTING DETECTION OF HIGH-TITERED VIRUSES
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SOLANACEOUS CROP MACROARRAY (Keith Perry, Cornell U.)

Spiked internal RNA  control 
for RT, PCR, labelling & 
hybridization

rDNA & internal controls 
to identify coordinates

Labeled oligonucleotide 
as internal control for 
hybridization

Uninfected Potato Plant

SOLANACEOUS CROP MACROARRAY (Keith Perry, Cornell U.)

Tobacco etch virus (potyvirus) infected sample
(note some cross-hybridization with probes to other potyviruses)
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PLANT VIRUS MACRO- AND MICROARRAYS
• POTATO VIRUSES:
- PCR-generated probes (711-1201 bp); PVY (3 isolates); PVX, PVS (2 isolates), PVA -

Boonham et al. (2003) J. Virol. Methods 108:181-187
40 t li (4+  i ) PVY  PVX  PVS  PVA  PVM  PLRV B t i k t l  (2005) J  - 40 nt oligos (4+ per virus) PVY, PVX, PVS, PVA, PVM, PLRV - Bystricka et al. (2005) J. 

Virol. Methods 128:176-182
- ~70 nt oligos (12 per virus) PVY, PLRV, CMV, host rRNA - Agindotan & Perry (2007) 

Phytopathology 97:119-127
• CUCURBIT VIRUSES

- PCR generated probes (500-700 BP); six tobamoviruses, plus PVX, CMV, and ZYMV -
Lee et al. (2003) J. Virol. Methods 110:19-24

• CMV SEROGROUPS AND SUBGROUPS• CMV SEROGROUPS AND SUBGROUPS
- 24 nt oligos specific for serotype or subgroup – differentiated 14 CMV isolates to 
serogroup I or II, and 9 of 10 serogroup I isolates to correct subgroup - Deyong et al. 
(2005) J. Virol. Methods 123:101-108

• PPV
Conserved and isolate-specific 70-mer oligos - Pasquini et al. (2008) J. Virol. Methods 
147:118-126

UNIVERSAL PLANT VIRUS MICROARRAY

• INTENDED TO DETECT ALL KNOWN PLANT VIRUSES TO SPECIES LEVEL

- BASED ON SEQUENCES AVAILABLE AS OF JANUARY 2010

• POTENTIAL TO DETECT PREVIOUSLY UNKNOWN VIRUSES TO FAMILY OR GENUS LEVEL

- four ‘Family-specific’ and four ‘Genus-specific’ oligos, plus four oligos per recognized virus 

species; additional ‘Family’ and ‘Genus’ level probes from largest virus groups

• 9,556 VIRUS-SPECIFIC OLIGO PROBES

• 44 CONTROL PROBES (CONSERVED PLANT GENES)

• PROBES DUPLICATED ON GLASS SLIDES

• APPLICABLE TO ANY HOST SPECIES (USING BROADLY APPLICABLE NUCLEIC ACID EXTRACTION 

PROTOCOL)
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DESIGN OF UPVM 
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>306,000 60-mer oligos at increment of 15 nt from each viral genome; selection from 
those based on hybrization criteria 

UPVM REPRESENTATION OF PROBES
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CKC: universal procedure for isolating nucleic acids from plants
Henderson and Hammond (2013) Molecular Biotechnology 53:109-117

Family Genus species virus ug/0.1g 260/280 260/230 RIN

Amaranthaceae Iresine herbstii 25.9 2.1 2.1 6
Amaryllidaceae Cyrtanthus elatus ValMV 6.9 2.0 2.1 7.4
Annonaceae Asimina triloba 31.1 2.0 2.2 7.3
Balsaminaceae Impatiens hawkeri IFBV 10.8 2.1 2.2 7.4
Berberidaceae Nandina domestica 27 4 2 0 2 3 nd

CKC Isolation 

Berberidaceae  Nandina domestica 27.4 2.0 2.3 nd
Bignoniaceae Catalpa speciosa 25.8 2.1 2.2 8.1
Cannaceae Canna hybrid CaYMV 13.4 2.1 2.2 nd
Caryophyllaceae Dianthus caryophyllus 6.6 2.1 1.9 6.8
Convolvulaceae Ipomoea batatas SPFMV 15.3 2.1 2.0 8.9
Cucurbitaceae Cucumis sativus WMV 16.1 2.1 2.3 7.8
Euphorbiaceae Euphorbia milii EuRV 15.1 1.9 2.2 7.1
Fabaceae Cercis canadensis 1.6 1.8 1.1 6.8
Fagaceae Quercus sp. 23.0 2.0 2.0 7.0
Iridaceae Belamcanda chinensis ISMV 30.0 2.0 2.3 nd
Lamiaceae Lavandula angustifolia 15.9 2.1 2.3 7.0
Liliaceae Tricyrtis formosana TrVY 9.2 2.1 2.3 6.5
Lythraceae Lagerstroemia indica 3.1 1.9 1.4 7.7
Magnoliaceae Magnolia grandiflora 20.7 2.1 2.2 6.3

60 Species

35 families
Malvaceae Abutilon ×hybridum AbMV 39.0 2.1 2.3 na
Onagraceae Fuchsia triphylla 2.5 1.5 1.7 6.8
Poaceae Lolium multiflorum LoLV 21.3 2.0 2.3 6.7
Polemoniaceae Phlox stolonifera 5.8 1.7 1.3 6.8
Primulaceae Lysimachia congestiflora 21.0 2.1 2.3 7.2
Rosaceae Chaenomeles japonica 1.7 1.6 0.8 7
Rosaceae Prunus armeniaca 24.1 2.1 2.2 7.2
Rutaceae Citrus x sinensis CTV 13.0 2.1 2.2 6.7
Scrophulariaceae Mazus reptans Carlav. 9.9 2.1 2.3 7.7
Solanaceae Nicotiana benthamiana TuMV 25.2 2.1 2.3 7.6
Ulmaceae Celtis reticulata x sin. 34.9 1.9 1.7 7
Verbenaceae Verbena hybrid 10.5 2.1 2.0 7.5

Diverse samples – polysaccharides,
phenolics,  alkaloids, gums, resins

SAMPLE LABELING FOR MICROARRAYS

2.5-15µg RNA 200ng RNA

label cDNA ABC amplification

Amino-allyl dNTPs incorporated

5 3NNNNN

5 3NNNNNN
1st Strand

53

2nd Strand

53

5 3NNNNN

5 3NNNNNN

53 Round A

Round B

Round A

NNNNNN

NNNNNN

y p
for labeling with fluorescent dye

ABC unbiased target amplification 
based on Bohlander et al. (1992), 
as modified by Wang et al. (2003)

pcr

aa-pcr

Round B

Round C
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HYBRIDIZATION AND SCANNING

• CY3-LABELED cDNA MIXED IN 3× SSC, 25 mM HEPES, 0.25% SDS, AND 

DENATURED BY BOILING DENATURED BY BOILING 

• ADD TO UPVM SLIDE UNDER A LIFTERSLIP, AND PLACED IN SLIDE HYBRIDIZATION 

CHAMBER

• HYBRIDIZE >6 h (USUALLY OVERNIGHT) IN 65°C OVEN

• WASH IN 0.57× SSC, 0.028% SDS; THEN 0.057× SSC

• DRY, AND SCAN AT 10µM RESOLUTION (GENEPIX 4000B MICROARRAY 

SCANNER) USING APPROPRIATE GAL FILE

After 

UPVM slide 
prior to 
hybridization

hybridization 
and scanning
(red reveals 
location of 
probes; green 
or white reveals 
positive probes)
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HYBRIDIZATION INTENSITY ANALYSIS

GenePix scan

Decreasing 
intensity

GenePix scan

Uchip
(Fischer Lab)

CUCUMBER MOSAIC VIRUS SAMPLE

red reveals location of 
probes; green or white 
reveals positive probes
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“ Family”           ::  “Genus”  ::             “Species”                       :: “Assigned Taxon”
Bromoviridae :: Cucumovirus :: Cucumber mosaic virus-RNA2  :: “Bromoviridae”

Quantification of probe intensities

CMV-infected sample of 
Nicotiana benthamiana

All results highlighted in blue font 
show identification as a member 
of the family Bromoviridae, genus 
Cucumovirus, with probes for both 
RNA 1 and RNA 2 of CMV 
yielding high responses.
Note also high intensity results for 

Results (GPR file) opened in Excel and sorted (ZA) on Cy3 channel background corrected pixel values

multiple control plant sequences.
Results in red are single probes 
for unrelated viruses; some ‘virus-
specific’ probes react non-
specifically to many samples, 
including ‘healthy’

E-Predict – FINDING VIRUS SIGNATURES

Urisman et al. 
Genome Biol. 2005 
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SIMILARITY MATRIX BETWEEN UNKNOWN & GENBANK VIRUSES

African cassava mosaic virus-infected sample

Intensity 
ordered

Multiple
begomovirus-
specific 
probes (blue); 
single probes 
for other virus 
types (red)
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T-Predict results, ACMV-infected sample

Probability score identifies  
ACMV-specific probes, 
followed by two other 
begomoviruses, and then 
much lower probabilities for 
other virus-specific probes

EXAMPLES OF VIRUSES VALIDATED TO “SPECIES” LEVEL
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USES FOR BROAD-SPECTRUM MICROARRAYS

• QUARANTINE - POTENTIAL ABILITY TO INTERCEPT AND IDENTIFY KNOWN VIRAL THREATS TO 
U.S. AGRICULTURE, WITHOUT REQUIRING PRIOR KNOWLEDGE OF TYPES OF VIRUS THAT 
MAY BE PRESENT
- Simultaneous detection of viruses with RNA or DNA genomes, and of all components of mixed infections
- Prevent introduction of new viruses in materials being imported for further propagation (germplasm, breeding materials, 
ornamentals)

• EXPECTED TO BE ABLE TO IDENTIFY NOVEL VIRUSES TO GENUS LEVEL, ALLOWING FURTHER 
CHARACTERIZATION BY OTHER METHODS, AND KNOWLEDGE OF LIKELY VECTORS OR MEANS 
OF SPREAD

• ABILITY TO MAKE PROSPECTIVE SURVEYS TO IDENTIFY POTENTIAL THREATS IN CROPS AT • ABILITY TO MAKE PROSPECTIVE SURVEYS TO IDENTIFY POTENTIAL THREATS IN CROPS AT 
SOURCE

• SCREENING OF NUCLEAR STOCKS/NEW VARIETIES/GERMPLASM BEFORE INTRODUCTION AND 
LARGE-SCALE PROPAGATION 
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