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S STRIPPING AND RE-PROBING BLOTS TO DETECT MULTIPLE
g VIRUSES BY NASH =
et Hybridized with probe for virus “A” Stripped and re-probed to detect virus “B”
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=-dually_infected with “A” and “B” ..
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s SEQUENTIAL PROBE VERSUS MULTIPROBE
N Hybridized with probe for virus “A” Probed for both virus “A” and virus “B” i

Unableto differentiate viruses “A” and “B”_.
—
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4 MIXTURES OF RIBOPROBES

* SANCHEZ-NAVARRO ET AL. (1999) J. VIROL. METHODS 82:167-175
CARNATION — DIG-labelled riboprobes to CarMV, CVMYV, CRSY,
CIRY, CLV mixed; CERV not detected because of necessity for RNase

treatment to eliminate background

* [VARS 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 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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__COMPARISON OF NASH VS. MACROARRAYS /MICROARRAYS

* NASH ¢ MACROARRAYS/MICROARRAYS
- Unlabeled plant extracts/nucleic acids - Unlabeled virus specific probes spotted on
spotted on substrate substrate
- Labeled probes hybridized to samples on - Labeled (directly or after amplification)
membranes nucleic acid samples hybridized to array
- Localization of labeled virus-specific probe - Localization of labeled sample NA identifies
identifies infected samples virus(es) present
N plant extracts TN\= virus-specific probe WZ labeled plant extract NA
* = |abel
& £ a
(virus) A B C D E
w = =
e
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— MACROARRAYS AND MICROARRAYS

—t

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

* 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 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

\-/ paml

e
~ - Earliest microarrays used PCR products of 200-1000 bp amplified from cDNA libraries; labor intensive and
e 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 * MICROARRAYS

- typically 10’s to 100’s of probes - typically 100’s to 1000’s of probes
- typically spotted on membranes - typically spotted on glass or plastic supports
- enzymatic, isotopic, or dye labeling Of - typically fluorescent dye labeling of
sample (target) nucleic acids amplified sample (target) nucleic acids
- representative conserved host probes as a - representative conserved host probes as a
control for efficiency of amplification and control for efficiency of amplification and
hybridization hybridization
- probes may be arranged in patterns to - instrumentation and software required to
allow rapid visual analysis of results capture and analyze results

. 2,
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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

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)

\-/ paml

UNBIASED TARGET AMPLIFICATION

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

eSS ——
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Uninfected PotcﬁoM

rDNA & internal controls Labeled oligonucleotide Spiked internal RNA control
to identify coordinates as internal control for for RT, PCR, labelling & —
hybridization hybridization
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_SOLANACEOUS CROP MACROARRAY (Keith Perry, Cornell U.)
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- PLANT VIRUS MACRO- AND MICROARRAYS
o
* POTATO VIRUSES:
i - 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 nt oligos (4+ per virus) PVY, PVX, PVS, PVA, PVYM, PLRV - Bystricka et al. (2005) J.
Virol. Methods 128:176-182
- ~70 nt oligos (12 per virus) PVY, PLRV, CMYV, host rRNA - Agindotan & Perry (2007)
Phytopathology 97:119-127
e CUCURBIT VIRUSES
- PCR generated probes (500-700 BP); six tobamoviruses, plus PVX, CMV, and ZYMYV -
Lee et al. (2003) J. Virol. Methods 110:19-24
e CMV SEROGROUPS AND SUBGROUPS
- 24 nt oligos specific for serotype or subgroup — differentiated 14 CMV isolates to
serogroup | or Il, and 9 of 10 serogroup | 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
w = =
e S’
\/ e’
- UNIVERSAL PLANT VIRUS MICROARRAY
e
~ « 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
e APPLICABLE TO ANY HOST SPECIES (USING BROADLY APPLICABLE NUCLEIC ACID EXTRACTION
PROTOCOL)
‘J
w = 2
— /.
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t increment of 15 nt from each viral

UPVM REPRESENTATION OF PROBES

Distribution of UPVM Probes (60 mer)

= ssDNA (1902)
= Retroviruses (468)
= dsRNA (748)

i = (-)ssRNA (606)
‘ = (+)ssRNA (5564)
= Viroids (268)

= Plant Controls (44)

Total Probes 9600
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Henderson and Hammond (201 3) Molecular Biotechnology 53:109-117

CKC: universal procedure for isolating nucleic acids from plants

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 21 74
CKC Isolation Annonaceae Asimina triloba 31.1 2.0 22 7.3
Balsaminaceae Impatiens hawk eri IFBV 10.8 2.1 22 74
F Berberidaceae  Nandina domestica 27.4 2.0 23 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 19 6.8
T Conwlwlaceae Ipomoea batatas SPFMV  15.3 2.1 20 8.9
F 0 Cucurbitaceae___ Cucumis sativus WMV 161 2123 7.8
Euphorbiaceae  Euphorbia milii EuRV 15.1 1.9 22 7.1
\/ Fabaceae Cercis canadensis 1.6 18 11 6.8
Fagaceae Quercus sp. 23.0 2.0 20 7.0
60 Species idaceae Belamcanda chinensis__[SMV____30.0 20 23 __nd
’ Lamiaceae Lavandula angustifolia 15.9 2.1 2.3 7.0
Liliaceae Tricyrtis formosana TrvVY 9.2 2.1 2.3 6.5
> 35 families Lythraceae Lagerstroemia indica 3.1 19 14 7.7
F g Magnoliaceae Magnolia grandiflora 20.7 2.1 2.2 6.3
’ Malvaceae Abutilon xhybridum AbMV 39.0 2.1 2.3  nal
Onagraceae Fuchsia triphylla 2.5 1.5 1.7 6.8
‘ Poaceae Lolium multiflorum LoLV 21.3 2.0 23 6.7
U Polemoniaceae  Phlox stolonifera 5.8 17 1.3 6.8
Primulaceae Lysimachia congestiflora 21.0 2.1 23 7.2
Rosaceae Chaenomeles japonica 1.7 1.6 0.8 7
D. I I h .d Rosaceae Prunus armeniaca 24.1 2.1 22 7.2
lverse Sdmp es — po YSGCC ari eS, Rutaceae Citrus x sinensis CTV 13.0 2.1 22 6.7
) 0 - Scrophulariaceae Mazus reptans Carlav. 9.9 2.1 23 7.7
phenol ICS, lka |OIdS, gums, resins Solanaceae Nicotiana benthamiana  TuMV 252 21 2.3 7.6
Umaceae Celtis reticulata x sin. 34.9 1.9 17 7
Verbenaceae Verbena hybrid 10.5 2.1 20 75
“vaar®
= / \
= label cDNA ABC amplification
2.5-15Ug RNA 200ng RNA
5 —" NNNNN e 3 5 ™ NNNNN s 3
14 Strand Round A
5 NNNNNN s 3
5 NNNNNN s 3
3 5 e NNNNNN
g s Round A
2" Strand
3== NNNNNN s 5
. . —
Amino-allyl dNTPs incorporated Round B
for labeling with fluorescent dye ——— per
ABC unbiased target amplification S
9 P Round C
based on Bohlander et al. (1992 __ aa-per
’ ——
as modified by Wang et al. (2003)
\ y o
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— HYBRIDIZATION AND SCANNING

e

* CY3-LABELED cDNA MIXED IN 3% SSC, 25 mM HEPES, 0.25% SDS, AND
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 0.057X SSC

* DRY, AND SCAN AT 10puM RESOLUTION (GENEPIX 4000B MICROARRAY
SCANNER) USING APPROPRIATE GAL FILE

o \-/ -
e
_ l
‘/’

' —
After
hybridization

UPVM slide and scanning
prior to (red reveals

hybridization location of
probes; green
or white reveals

positive probes)

12
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GenePix scan

Tévedat

¥ ¥ -

0611326
2 48536302 ..

£ 623EM33 ..
20732351,
BANIITIA,

Uchip :
(Fischer Lab) | -

Genbank Record Tide

Genbark ...
Jatrocha v...
Cherry sms...
Hydranges ...

Lo laters...

Tamin

Taxon nfo (PMantirus_nuccore_30-2010-1%...
Intropha yelow mossc [nda s - Bego..
Chrry small orcullr virod-ioe RNA 2 - Ch,
Piargmman viroid -> undassded virods -
Tymovesles > ssRHA positivestrand vinus,
L bnbenit wiruss - Lolanieus +» Alhaliex
Lk Enbent wirus -3 Lalsieus -> Alphafies...
Tomata chiorotic dwarf viroid - unclassifie..
Cherry smal arcull virosd-iae BINA -3 undla,

Pear blster canker v <> Apscyareid -3
Cycad beaf necross vinus > Bodnaviug ->
Carmot motthe virus satelite ANA -3 UT reds.

Mt s X -3 UT Sollt Phas vinas X -3 Pa.

Tulp virus X - Potesnving - Alphaflexnvind...
rudeorhshdavi..

Maize fine strask vinus -

e VLS -3 Potyans -,
Rice yelow motte vrus -> Scbemovrus -3 .
Broad been wit virus 2 -> Fabavius > Co...
CASSAVA VS MOSSE VIS -3 CAVEMOVILS ...
g
ST  ———
Ageratum yelow ven Taman wus -3 Bege.
Grapeving feck virus <> Macudavinus - Ty,

£z

HYBRIDIZATION INTENSITY ANALYSIS

——
Decreasing
Intenaty . .
intensity
0 rewee. -

|y

s0in

n

-]

Save as custer...

-

CUCUMBER MOSAIC VIRUS SAMPLE

red reveals location of
probes; green or white
reveals positive probes

13
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Quantification of probe intensities i
J * Family” = “Genus” “Species” = “Assigned Taxon”
Bromoviridae :: Cucumovirus :: Cucumber mosaic virus-RNA2 :: “Bromoviridae” —
-
E F AN
S 0} X F532 Median - BS32 R
NA::NA::NA::Control Plant Seq Arabidopsis_rbel 65352
NA::Control Plant Seq Arabidopsis_rbcL.11 # 65343 MV-infeci’ed sam Ie Of
iridae::Cucumovirus: :Cucumber mosaic virus segment RNA1:: Cucumovirus 62867594 _nt0401.60 # 65336 C p
Contra Plant Seq Im_185 rANA-2 ) 65326 N . .
:Control Plant Seq 2m_185_rANA-2.11 65325
vms e Nicotiana benthamiana
:Control Plant Seq Zm_5.85 rRNA- 65301
A::Control Plant Seq 2m_185_rRNA-4.11 65290
:Control Plant Seq 2m_255 rRNA-7.11 65279
:Control Plant Seq 2m_255 rANA-5.11 65260 . . .
Contro Plant Seq Zm 185 RS 65256 All results highlighted in blue font
:Control Plant Seq 2m_255 rRNA-6.11 65240
:Control Plant Seq 2m_5.85_rRNA-1 65230 H s B
Conrl vt sed 155 A 65198 show identification as a member
:Control Plant Seq 2m_255_rRNA-7 65184
Control Plant Seq Im_255_rRNA-6 65136 H iri
NA::NA::Control Plant Seq 2m_255 rRNA-S + 65135 Of The fqmlly BromOV|rldael genus
Geminiviridae:: Begomovirus::Tomato leaf curl Toliara virus::Tomato leaf curl Toliara virus 154090425_nt00S1.60 # 64251 Cucumovirus, with p robes for both
Bromoviri i aspermy virus::C irus 17978215_nt0401.60 # 62634 v
Bromoviridae::Cucumovirus::Cucumber mosaic virus segment RNA2::Tomato aspermy virus seqment 2 222039_nt2342.60 # 44569 R NA '| and R NA 2 of CMV
Bromoviridae::Cucumovirus::Cucumber mosaic virus segment RNA2::Tomato aspermy virus seqment 2 222039_nt2317.60 # 43619 R A A
Bromoviridae::Cucumovirus: :Cucumber mosaic virus segment RNA2::Bromoviridae 222039_nt1792.60 # 43306 yleldlng hlgh responses.
Br iri i aspermy virus::C irus 7530172_nt1978.60 # 24871 . . .
NA:NA::NA:: Control Plant Seq Nb_Ubiquitin. 11 # 22524 Note also h'gh infensity results for
Br i aspermy virus::C us 17467151_nt1976.60 # 18901 mUItipIe control plunt sequences.
Br iri i aspermy virus::C irus 17978215_nt3167.60 # 18179 N .
Bromoviridae::Cucumovirus: :Cucumber mosaic virus segment RNAL:: Cucumovirus 62867594_nt3176.60 # 14747 ResuITs In red are smgle probes
d::UnciqsETTied :Cherry small circular viroid: 41661_nt171.60 # 13970 f | i e
18157543 11240160 # 13797 or unrelated viruses; some ‘virus-
ape g
226426431_nt276.60 # 8290 SpeCIfIC probes react non-
73426684_nt5535.60_re # 7646
NA::Conrol Plant Seq No_Ubiguitin # 6418 specifically to many samples,
Bromoviridae::Cucumavirus: :Cucumber mosaic virus segment RNA1::Cucumovirus 189514257_nt3140.60 # 5547 . - n y
Bromoviridae::Cucumovirus: :Cucumber mosaic virus segment RNA1::Cucumber mosaic virus 62867594_nt3276.60 # 5547 Includlng heq"h)’
Geminiviridae::Mastrevirus::Maize streak virus: :Maize streak virus - [Raw] 3892617_nt0826.60_rc # 5020
cl i virus p virus LR2-AF039204_nt14941.60  # 4583

-

Results (GPR file) opened in Excel and sorted (Z>A) on Cy3 channel background corredted pixel values ./

J —
E-Predict — FINDING VIRUS SIGNATURES

Experimental cbserva

e 0

Hybridization
Microarray pattern

Environmental or
clinical sample

Ranked wiral
identities and
probability
estimates

Pattern to profile
comparisons

Alignment to
microarray probes

Theoretical

GenBank energy profiles

Environment

Predicted observations

Genome Biol. 2005
- L et
e’ /.

Urisman et al. —

14
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~ Test
Virus

Virus1 §

€0 mar Oligos {1 to 9800)

Virus 2 |||
L,

i

s

\ SIMILARITY MATRIX BETWEEN UNKNOWN & GENBANK VIRUSES

N

! African cassava

» — s [ErRe
St ntrol Plant Seq
:Contrl Plant Seq
iContral Plant Seq

apevine leafroll: virus 2 p leafroll

::Cantrol Plant Seq
:Control Plant Seq
::Cantrol Plant Seq
iContral Plant Seq
NA:NALNA: (Cantrol Plant Seq
Potyviridae::Potyvirus::Chilli veinal mottle vir
NA::NA::NA::Control Plant Seq
NA:NANA: :Cantrol Plant Seq
NA:NALNA: :Cantrol Plant Seq

nigrum potyvi

virus X::Mint virus X

cassava mosaic virus::African cassava mosaic virus
yellow vein

mild leaf curl virus::Viruses

viroid

Unclassified::Unclassified::Cherry small circular viroid::Cherry small circular viroid-like RNA 2

NA::NA::NA::Control Plant Seq

leaf curl virus::Viruses
cassava mosaic virus::African cassava mosaic virus

Cantrol Plant Seq
‘Cantral Flant Seq

potato leaf curl virus::Begomovirus
leaf crumple vir B us
potato leaf curl virus::Viruses

::Cantrol Plant Seq

lone: :Tomata yellow dwarf betasatellite::UT Split Honeysuckle yellow vein mesaic virus satellite DNA beta
::Cantrol Plant Seq

Patyvirus:: BEan COMMON MOSaic Necross virus: {Bean common masaic Necrasis virus

::Control Plant Seq
iascia yellow mottle virus: :Diascia yellow mottie virus

Alphafiex viridae:: Potexvirus::Lettuce virus X::UT Split Scallion virus X
Twmaviridae: :Maculavirus e nus sat rvo
UPVM_P1_012-ACMV.txt

mosaic virus-infected sample

E [FI G [H] 1 I
1D X ¥  DiaF543 MedianFs43
2m_255_rRNA-6 #2 wae we 65535
Zm_255_rANA-6.11 #a 222|822 65535
Zm_255_rRNA-7.11 #2 wae w2 65535
LR2-AFD39204_nt14941.60 #2 #z# 22 65535
Zm_255_rRNA-7 #2 wEE wE 63748
Zm_185_rANA-2 42 #2222 49476
Zm_255_rANA-5.11 #4 #ad 82 44990
Zm_255_rRNA-5 #4 #ag 82 42342
Zm_18S_rRNA-4.11 22 wop w2 39647
32331144 nt2251.60 #2 wEE w22 35767
Zm_185_rRNA-3.11 #4 wad we 23461
Zm_185_rANA-3 2 #2222 20266
Nb_Ubiquitin.11 #4 #ag 82 19564
62327433_nt1387.60_rc 22 wop w2 19129
9626669 _nt0246.60_rc 27 wop o2 16365
151428448 nt1426.60 rc  ## ##4 #4 14813
225698175 nt1718.60 rc &2 #22 22 10711
166788519 nt226.60 rc #% #as 82 10444
86141661 _nt171.60 22 wop w2 8738
Zm_185_rRNA-2.11 27 wop a2 8303
198385354 nt1728.60 rc  ## ### ## 8105
5230633 _nt0101.60_rc 22 #2222 BOAE
Nb_Cab #% #as 82 7383
Nb_Cab.11 #4 #ag 82 7283
195963278 nt1751.60_rc  #2 wee g2 6481
18051744 nt0326.60_rc 27 wop a2 6211
195963276 _nt1B0L.60 rc  ## #28 ## 6082
Zm_5.85_rRNA-1 #4 wad we 5625
156151281 _nt0B13.60 w2 guz 22 4786
Arabidopsis_rbcl.11 #4 #ag 82 4608
73426684_nt5535.60_rc 22 wop w2 4440
Zm_5.85 rRNA-1.11 27 wop a2 4282
194473848 NtIB77.60 rc  ## #28 ## 4093
189458579 nt245L.60 rc  ## ##4 #4 4013
Arabidopsis_rbel w8 wes|0e

18845B579_nt4076.60_rc

Intensity

ordered

Multiple
begomovirus-
specific

15
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/ T-Predict results, ACMV-infected sample
- —

Taxon NCEI Tax 1D Score

' =-U12b
Gemiviandae e . .
+ African cassava mosaic virus 10817 0.0954844 Pl‘obdblllf)’ score identifies
+ African cassava mosaic virus-Ug222077 0.0841919 o
+ African cassava mosaic virus-[Ce222061 0.0793771 ACMV-SpeCIfIC probes,
+ African cassava mosaic virus seq10817 0.0770119 followed by two other
# Squash leaf curl China virus - [CL393625 0.0719915 .
# Squash leaf curl China virus - [PL335396 0.0683372 begomoviruses, and then
# Squash leaf curl China virus - [PL540030 0.0683372 iliti
# Tomato leaf curl Gujarat virus 219299 0.0675923 e pI’ObilllfleS for
# Tomato leaf curl Gujarat virus - [ 269306 0.0675923 other virus-specific probes
# Tomato leaf curl New Delhi virus 270143 0.0632402

= Closterovindae
* Grapevine leafroll-associated vir64003 0.083573
# Tomato chlorosis virus 67754 0.0101335
# Tomato chlorosis virus segment 67754 0.0095213
# Tomato chlorosis virus segment 67754 0.0093393%
# Lettuce chlorosis virus 642478 0.0089813
# Cucurbit yellow stunting disordei51330 0.0079712
# Lettuce chlorosis virus segment 1642478 0.0066821.
# Cucurbit yellow stunting disordei51330 0.0066267"
# Strawberry crinivirus 3 499955 0.0060796
# Grapevine leafroll-associated vir5S5951 0.0059755
=-MNo famidy
+ Tomato leaf curl China virus sate278069 0.0250101
+ Tomato leaf curl betasatellite 220812 0.0130398
# Tomato yellow dwarf disease ase427315 0.0129154 o’
# Okra leaf curl disease associatec 169689 0.0119452
# Beet necrotic yellow vein virus 31721 0.0112973
# Tomato yellow leaf curl China vir2 18846 0.010873 D
[ Save A as test | [ Show Settings |

\_/ —
___EXAMPLES OF VIRUSES VALIDATED TO “SPECIES” LEVEL >

Geminiviridac: Betaflesiviridas
— ACMV: Affican cassava mosalc virms PhIVS: Phiox vims S

FACMY:. Fast affican camava mosaic virs PVS: Polato vims 8
SLCMYV: Sri-Lankan cassava mosiac virns
BeYDV: Bean yellow dwarf virus CMY: Cucumber mosaic virus
BCTV: Beat curly fop virns

Yircaviridae:
FPotvviridas: TMYV: Tobacoco nossic viros
PYY: Polato virus ¥
TEV: Tobacco cich virus Bunvaviridae:
CBSIV: Cassava brown sircak Uganda virus

OuMV: Ourmia melen virus
Alphallextviridae:
PepMYV: Pepino mossic vins All results obtained without sample amplification
AIMY: Attermambers mossic virus

Examples of detectlon of mixed Infectlons J

Bam yellow mosuie vins + Al mosaic vires (CKC > direst labelad cDINA)
Ligustrmn lmnﬁcﬁngqanirm+L‘numlrrnmi:ri’ns(EKC>Dﬂ'l>ABC)

S /.
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— USES FOR BROAD-SPECTRUM MICROARRAYS
St
— * 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)
e 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
e 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
w = =
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