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INDUSTRY SUMMARY.

New tests have been developed for the detection of chrysanthemum stunt (CSV) and potato
spindle tuber viroids (PSTV). These new tests are more cost effective, sensitive and reliable
than existing tests, and the turn around time for diagnosis has been reduced from seven days

to one day.

CSV and PSTV are both highly contagious and cause two of the most devastating diseases of
horticultural crops. They are spread by the handling and propagation of infected material, and
by contaminated machinery and tools. The only way to,control these diseases is the use of
pathogen tested propagating material combined with good hygiene. The key to controlling
CSV and PSTV is the ability to detect them in plant tissue prior to their introduction into a

Pathogen-Tested scheme or during an epidemic.

CSV causes a wide variety of symptoms that reduce the quality and yields of
chrysanthemums. Outbreaks of CSV can cause devastating crop losses: in 1987 a major
outbreak occurred in Victoria that was estimated to have cost the chrysanthemum industry in
excess of $ 3 million. CSV is controlled in Australia by the use of pathogen tested planting

material,

PSTV is a quarantinable disease of potatoes that is not known to occur in Australia. PSTV
causes a wide variety of symptoms that affect the yield and quality of potatoes. An outbreak
of PSTV in breeding material in Victoria and NSW in 1982, resulted in the destruction of all
but 100 single tested tubers, in the National Breeding Program. All seed potatoes that enter
Australia are tested for PSTV during post entry quarantine,

In the past the test used for the detection of CSV and PSTV was a commercially available
¢DNA probe kit manufactured by Bresatec. However, due to limited demand and
developments in the more sensitive polymerase chain reaction (PCR) technology, Bresatec
has ceased production of these kits. The aim of this project was to develop PCR tests for the
detection of CSV and PSTV and compare them to the cDNA kits currently used for detection.
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As aresult of this development and comparative study the PCR tests have been adopted by
Crop Health Services and the Australian Quarantine Inspection Service (AQIS) for the
diagnosis of both CSV and PSTV.




TECHNICAL SUMMARY.

The aim of this study was to develop reverse transcriptase polymerase chain reaction (RT-PCR)
tests for the detection of chrysanthemum stunt viroid (CSV) in chrysanthemums and potato
spindle tuber viroid (PSTV) in potatoes. The sensitivity and the cost effectiveness of the RT-
PCR was compared to the cDNA probe in the laboratory for both viroids.

Sequences for both CSV and PSTV were obtained through the Australian National Genetic
Information Service (ANGIS) and compared through computer analysis for regions of
homology between strains. Primers were developed in highly conserved regions for the two
known strains of CSV and the 13 known strains of PSTV. Where possible ANGIS was used to
compare these primers with other DNA sequences from possible contamination sources during

template preparation.

RT-PCR was found to be more sensitive, far less time consuming and more cost effective than
cDNA probes for both CSV and PSTV. It was also found that RT-PCR could be carried out on
sap extracts of expanding leaf tissue from new, emerging potato sprouts or chrysanthemum
tips. However, where plant material is older, 2 more rigorous RNA purification is
recommended. Dilution experiments showed that PCR could detect less than 0.0148 ng of
viroid RNA and at least 1 infected plant in 200 for CSV. PSTV could be detected in 16.8 ng of
total RNA from PSTV infected plants. One infected PSTV plant in 20 could be detected. Turn
around time for a viroid test could be reduced from seven days using the cDNA probe to one

day using the RT-PCR.



2. RECOMMENDATIONS.

Extension/ adoption by industry of research findings.
PCR was compared to a cDNA probe for the detection of chrysanthemum stunt (CSV) and

potato spindle tuber viroids (PSTV), and the following recommendations are made.

¢ The PCR for CSV was found to be cost effective, reliable, and very sensitive. Itis
recommended that the PCR test be used for the routine detection of CSV in

chrysanthemums,

¢ The PCR for PSTV was found to be cost effective, reliable, and very sensitive. It is
recommended that the PCR test be used for the routine detection of PSTV in potatoes.

¢ The PCR tests for both viroids have been adopted by Crop Health Services at the
Institute for Horticultural Development, and staff from this team have been trained in this
technology. The Australian Quarantine Inspection Service has adopted these tests for
post entry quarantine testing. These new services are corrently being advertised to all

potential clients.

Directions for future research/extension.

Improvements in crop monitoring and hygiene have reduced losses due to CSV. Industry
needs to continue the development of an awareness program which in combination with
regular diagnostic checks can be used to minimise outbreaks of CSV. Through vigilant
quarantine, PSTV has been prevented from entering the country. To maintain Australia’s
PSTV free status AQIS should to continue with regular PSTV checks on all imported potato

cultivars.

As only one strain of each viroid was available for assessment due to quarantine regulations,

it is recommended that further strains be assessed if they become available.



3. TECHNICAL REPORT.

Development of RT-PCR for the detection of chrysanthemum stunt and potato spindle
tuber viroids.

Jane Moran and Fiona Constable.
Introduction,

Chrysanthernum stunt viroid (CSV) and potato spindle tuber viroid (PSTV) are highly
contagious diseases of chrysanthemums and potatoes respectively. They spread quickly
throughout a crop by the handling and cultivation of infected plants. PSTV is not known to
occur in Australia and is a quarantinable disease, however, there was an outbreak in the
breeding material in Victoria and NSW in 1982. As aresult all breeding material in the
National Breeding Program was destroyed except for 100 single tested tubers. During 1987 a
major outbreak of CSV in Victoria caused a $3 million loss to the chrysanthemum industry.

The only way to deal with a CSV or PSTV outbreak is to destroy infected plants. This means
economic loss to the grower, especially where whole crops are involved. The best way to
control these diseases is to use high health propagating material combined with good hygiene.
In Australia these two diseases are controlled by pathogen-tested schemes that are managed by
the relevant industry, and quarantine regulations. It is a part of the current Australian
Quarantine Inspection Service (AQIS) post entry quarantine protocols that all potatoes are
tested for PSTV and other diseases before they are released to the industry. High health

chrysanthemum cuttings are tested for CSV and other diseases prior to release to industry.

Potato spindle tuber was first recognised as a disease of potatoes by Martin (1922) in the United
States and the causal agent was originally thought to be a virus. Diener (1971) eventually
showed the causal agent be a low molecular weight RNA and named the agent a "viroid".
PSTV causes a wide variety of symptoms that affect the yield and quality of potatoes.
Although symptoms on the plant are often not obvious, tubers are severely affected. Infected



tubers are smaller, may be elongated with tapered ends and they have more cracking than

usual.

Chrysanthemum stunt was first recognised as a disease by Dimock (1947) in the United States.
Again the causal agent was originally thought to be a virus but, in 1972, evidence showed that
chrysanthemum stunt disease is also caused by a viroid (Diener and Lawson, 1972). CSV
causes a wide variety of symptoms that reduce the quality and yields of chrysanthemums.
Flowering can occur up to 10 days earlier, and flowers may be bleached and distorted.

Infected plants are often stunted, attaining only half their normal size.

Viroids are the smallest disease agents of plants known to man. They exist as single stranded,
covalently closed circular RNA molecules (Gross, 1985) that are unencapsidated and range
from 2350 bases to almost 600 bases long (Singh and Singh, 1995). CSV and PSTV are
approximately 354 bases and 359 bases respectively.

At the Institute for Horticultural Development a virus diagnostic service is offered to
chrysanthemum and potato growers for the detection of viroids. In the past the test used for
the detection of PSTV and CSV was a commercially available cDNA probe kit. This test is
time consuming and costly and the kit is no longer being manufactured. With the
development of the polymerase chain reaction (PCR) for the detection of small amounts of
DNA and RNA, much more rapid and cost effective tests for all types of pathogens, including
viroids can be developed. Reverse transcriptase (RT)-PCR has been developed for the
detection of CSV by Kusunoki ez al. (1993}, showing that this disease agent can be detected
by a routine RT-PCR method. There are no known RT-PCR tests available for PSTV.

The aim of this study was to develop PCR techniques for the detection of CSV in
chrysamhcniums and PSTV in potatoes, and then compare these tests with the cDNA probe

with respect to sensitivity, reliability and cost effectiveness.



Materials and Methods.
1. Samples.

One isolate of CSV and one isolate of PSTV were imported with approval from AQIS. The
infected plants were maintained in the AQIS post entry quarantine nursery, at IHD
Knoxfield, under strict quarantine conditions, isolated in a secure glasshouse, operating on
normal day length and a temperature range of 25-30°C. Healthy plants were maintained in a
separate glasshouse operating on normal day length and a temperature range of 18-25°C.
Fresh young growing tips from chrysanthemums and new emerging sprouts from potatoes

were used for testing,

A pure preparation of the circular form of CSV (3.7 ng/ul) was produced by Brendan
Rodoni (1989) at the Plant Research Institute, Department of Agriculture, Burnley, Victona
and is held at THD.

2. RNA extraction methods
a. Total RNA extraction procedure

Total RNA was purified using a modification of the method from Rowhani et al. (1993),
(Yan Wan Chow Wah, pers. comm.). Where possible, RNase, DNase and protease free
chemicals were used. All buffers were sterile filtered prior to use. Mortars and pestles were
bleach, acid and sterile distilled water washed prior to use. Glassware, stirring beads and
spatulas were baked at 180°C for 3 hours. Re-useable plastic-ware was soaked with 3%

hydrogen peroxide then sterile distilled water rinsed.

One gram of plant material was chopped and placed in a cold mortar and pestle containing 5
ml of cold extraction buffer (95 mM K;HPQ4.3H,0, 30 mM KH,PQ,, 10% sucrose, 2%
polyvinyl pyrrolidine (PVP-10), 0.15% BSA fraction V, and 0.1mM ascorbic acid, bovine
serum albumin (BSA, fraction V) and ascorbic acid were added just prior to use then the pH

was adjusted to 7.6). The sample was incubated for 10 minutes to plasmolyse the cells and



then ground to a sharry. A further 5 m! of extraction buffer was added and the sample ground
égain. The slurry was centrifuged at 750 g for 5 minutes to remove larger organelles and cell
debris. The supernatant was transferred into a clean centrifuge tube and centrifuged at
16,800 g for 20 minutes to pellet the nucleic acids. The supernatant was discarded and the
tube allowed to drain briefly then placed on ice. The pellet was resuspended in 2 ml of TE-1
buffer (50 mM Tris, 10 mM EDTA, pH 8.0 containing 0.1% B-mercaptoethanol added just
prior to use). After resuspension, 250 ui 10% sodium dodecyl sulphate (SDS) was added and
the sample incubated at 60°C for 10 minutes. The sample was cooled on ice for one minute
then centrifuged at 16,800 g at 4°C for S minutes. The supernatant was transferred to sterile
tubes, 400 pl of 5SM potassium acetate was added and the sample was incubated on ice for 30
minutes and then centrifuged at 16,800 g for 15 minutes. The supernatant was transferred to
a sterile tube, 300 pl 3M sodium acetate pH 5.2 was added followed by 3 ml of ice cold
isopropanol, incubated for one hour at -20°C and then centrifuged at 14,500 g for 20 minutes
at 4°C. The pellet was resuspended in 500 pl TE-2 (10 mM Tris, 1 mM EDTA, pH 7.4),
then 250 uL 4M NaCl and 370 pl ice cold isopropanol were added. The sample was
incubated at -20°C for one hour. The sample was centrifuged at 16,800 g for 20 minutes at
4°C. The pellet was rinsed with 70% ethanol and vacuum dried, then resuspended in 200-
300 pl of TE-2. RNA concentration was determined spectrophotometrically.

b. Rapid extraction procedure

Sap extracts were produced using a modification of the method of Thomson and Dietzgen
(1995). A | mm square of expanding leaf tissue from new emerging potato sprouts or
chrysanthemum tips, were squashed in 30 pl of 100 mM Tris, pH 7.6, containing 1 M KCI
and 10 mM EDTA. Samples were boiled for 10 minutes and then placed immediately on an
ice slurry. A Ipl aliquot of this extract was diluted in 9 pul of distilled water and 2 pl of this
diluent was used as template for RT-PCR.




3. Sequences and primers.

Sequences for two isolates of CSV and 13 isolates of PSTV were obtained through the
Australian National Genetic Information Service (ANGIS). All sequences were aligned
against each other to determine conserved regions. Primers were designed for CSV and
PSTV in the areas where the sequences for each viroid showed the greatest homology. The
primers were compared where possible against likely contaminants, such as plant RNA, other

plant pathogens and human contamination, using ANGIS.

4. PCR.

Sap extracts, total RNA or pure viroid RNA, were denatured by boiling for 10 minutes,
placed onto an ice slurry to prevent renaturation. Sap extracts were diluted as above, and 2l
used as template for the RT-PCR reaction. The GeneAmp RNA PCR kit (Perkin-Elmer
Cetus, Norwalk, CT), or Access RT-PCR System (Promega Corporation), were used
according to the manufacturers' directions for cDNA synthesis and PCR amplification
(Appendix 1).

The GeneAmp RNA PCR kit has a two step protocol where the RNA is copied to DNA, the
reverse transcription (RT) step, and with the addition of further ingredients PCR is performed
on the copy DNA (¢cDNA). For the RT reaction 1pl of a 50uM solution of the downstream
primer was used. The RT reaction was carried out in a thermocycler at 23°C for 5 minutes,
42°C for 20 minutes, 99°C for 5 minutes and a 4°C hold. For the PCR reaction, 1ul of a 50
UM solution of each primer pair was used. The PCR mixture was added to the RT reaction
and an initial denaturing step was carried out at 94°C for 1 minute followed by 335 cycles of
denaturation at 94°C for 30 seconds, annealing for 30 seconds at 57°C for CSV or 55°C for
PSTV and extension at 72°C for 1 minutes. A fina! extension at 72°C for 5 minutes was

then done finishing with a 4°C holding step.

The Access RT-PCR System is a one step reaction where all components are added to the

tube at the same time. For the RT-PCR reaction, 1l of a 50 uM solution of each primer pair
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was used. The RT-PCR was carried out in a thermocycler using the following cycling
method. RT was carried out at 48°C for 45 minutes followed by a 94°C denaturation for 2
minutes. PCR was then carried out for 40 cycles, DNA was denatured at 94°C for 30
seconds, annealed for 1 minute at 57°C for CSV or 55°C for PSTV and extended at 68°C for
2 minutes. A final extension at 68°C for 7 minutes was then performed finishing with a 4°C

hold.

Amplification products were analysed by electrophoresis in 1.5% agarose gels in TBE (0.045
M Tris borate, 0.001 M EDTA pH 8.0), visualised by staining with ethidium bromide (5
pg/mil) and photographed with UV transillumination.

4. cDNA probe

The CSV and PSTV non-radioactive kit (Bresatec) using a photobiotin labelled
c¢DNA probe for the detection of viroids in plant extracts was used according to the
manufacturer's specifications (see Appendix 2).

5. cDNA/RT-PCR comparison.

In order to test the sensitivity of the RT-PCR and the cDNA probe, crude and purified
extracts of CSV and PSTV were diluted and tested as above. Pure CSV RNA or total RNA
from PSTV infected plants were diluted in water to 1/1000 for both the cDNA probe and RT-
PCR. Sap extracts of CSV or PSTV infected material were diluted in healthy chrysanthemum
or potato sap extracts respectively to 1 plant in 200 for CSV and 1 plant in 100 for PSTV.
Diluted sap extracts from CSV infected plants were tested to 1 plant in 100 for the cDNA
probe.
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Results,

1. Extraction

The modified Rowhani ez al. (1993) method proved to be reliable for extracting total RNA
from old and young PSTV infected potato plants. The rapid extraction method was unreliable
on older tissue for both CSV and PSTV and should only be used on expanding leaf tissue
from new emerging potato sprouts or chrysanthemum tips. Neither method was useful where
chrysanthemum plants were kept in a cold environment for greater than one month (results

not shown).

2. Primers.

One primer set was designed for CSV and four sets of primers were designed for PSTV
(Table 1). All primer sets were tested against sap extracts and pure viroid RNA for CSV or
total RNA for PSTV.

The primers developed for CSV RT-PCR gave consistent results using both RT-PCR kits
with sap and pure CSV RNA. A single band of 354 bp was produced from both pure CSV

RNA and infected sap extracts and no bands were seen from healthy sap extracts.

The primer pair TG21/CT20 was selected. They gave consistent results for PSTV using both

RT-PCR kits with sap and total RNA extracts. A single band of 258 bp was produced from

infected sap extracts and total RNA from infected material. No bands were seen from sap
extracts or total RNA from healthy material. The primer pairs PSTV-F/PSTV-R, CG20/CT18
and CG19/CA 19 were unreliable (results not shown).
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Table 1. Primers developed for CSV and PSTV

Viroid | Primer pairs Primer sequences Upstream or | Position* | PCR product
Downstream size (bp)
csv CSV-F 5-CGG GGA AAC CTG GAG upstream 93-111
GAA G-3
354
CSV-R 5-GAT CCC TGA AGG ACT | downstream 90-70
TCT TCG-3'
PSTV PSTV-F 5-TGT GGT TCA CAC CTG upstream 22-42
ACCTCC-3
359
PSTV-R 5“GGA ACCACG AGTTTA | downstream 21-2
GTT CC.3
PSTV CG19 5'-CGG CCG ACA GGA GTA upstream 144-162
ATTC-Y
330
CAl9 5'-CAG TTC GCT CCA GGT | downstream 115-97
TTC C-3'
PSTV TG21 5-TGT GGT TCA CAC CTG upstream 22-42
ACCTCC-3'
258
CT20 S“CTTCAG TTG TTTCCA | downstream 280-261
CCG GG-3'
PSTV CG20 5-GGA AAC CTG GAG ACT upstream 97-113
GG-3'
349
CT18 5-CTG AAGCGC TCCTCC | downstream 86-69

GAG-¥

*Position numbers of primers for CSV are the location from the first nucleotide base in the first

published sequence (Haseloff and Symons 1981). Similarly position numbers of primers for

PSTYV are the location from the first nucleotide base in the first published sequence (Gross ef

al. 1978).
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3. Comparison of sensitivity of the GeneAmp RNA PCR kit and the Access RT-PCR System
for CSV and PSTYV in sap and RNA extracts.

a. CSV

Results from dilution series showed that the RT-PCR kits had similar sensitivity using pure
CSV RNA. CSV could be detected to levels as low as 0.0148 ng by the Access RT-PCR
System (Fig. 1) and the GeneAmp RNA PCR kit (Fig. 2).

Figure 1. Agarose gel showing dilutions of pure CSV RNA Figure 2. Agarose gel showing dilutions of pure CSV RNA
amplified by RT-PCR using the Access RT-PCR System. amplified by RT-PCR using the GeneAmp RNA PCR kit.

Lane 1, water control; Lane 2, total RNA from healthy Lane 1, 100 bp ladder, Lane 2, water control; Lane 3, total
chrysanthemum; Lane 3-11 pure CSV RNA (ng): 7.4, 1.48 RNA from healthy chrysanthemum; Lane 4-12 pure CSV RNA
0.74, 0.0.37, 0.148, 0.074, 0.037, 0.0148; Lane 12, 100 bp (ng): 7.4, 1.48 0.74, 0.0.37, 0.148, 0.074, 0.037, 0.0148.

ladder.
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Using the sap extracts both the Access RT-PCR System (Fig. 3) and the GeneAmp RNA PCR
kit (Fig. 4) could detect one CSV infected plant in 200 while still giving a bright signal.

Figure 3, Agarose gel showing CSV infected sap extracts
diluted with healthy sap extracts and amplified by RT-PCR
using the Access RT-PCR System. Lane 1, water control;
Lane 2, healthy chrysanthemums. Lane 3, CSV infected
chrysanthemum; Lane 4, 1:5 (infected : healthy); Lane 5,
1:10; Lane 6, 1:20; Lane 7, 1:50; Lane 8, 1:100; Lane 9,
1:200; Lane 10, 100 bp ladder.

Figure 4. Agarose gel showing CSV infected sap extracts
diluted with healthy sap extracts and amplified by RT-PCR
using the GeneAmp RNA PCR kit. Lane 1, 100 bp ladder,
Lane 2, water control; Lane 3, healthy chrysanthemums.
Lane 4, CSV infected chrysanthemum; Lane 5, 1:5 (infected :
healthy); Lane 6, 1:10; Lane 7, 1:20; Lane 8, 1:50;

Lane 9, 1:100; Lane 10, 1:200.
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b. PSTV

PSTV could be detected in 16.8 ng of total RNA purified from PSTV infected plants with the
TG21/ CT20 primers using the Access RT-PCR System (Fig. 5) and the GeneAmp RNA PCR
kit (Fig 6).

Figure 5. Agarose gel showing dilutions of total RNA from Figure 6. Agarose gel showing dilutions of total RNA from
PSTV positive plants amplified by RT-PCR using the Access PSTV positive plants amplified by RT-PCR using the
RT-PCR System. Lane 1, water control; Lane 2, total RNA GeneAmp RNA PCR kit. Lane 1, 100 bp ladder; Lane 2,
from healthy potatoes; Lane 3-11, dilutions of total RNA from water control; Lane 3, RNA from healthy potatoes;

PSTV infected plants (ng): 1680, 336, 168, 84, 33.6, 16.8, 8.4, Lane 4-12, dilutions of total RN A from PSTV infacted plants
3.36, 1.68, ; Lane 12, 100 bp ladder. (ng): 1680, 336, 168, 84, 33.6, 16.8, 8.4, 3.36, 1.68.
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The dilution series on sap extracts of PSTV infected potatoes showed that one plant in 20
could be detected by both the Access RT-PCR System (Fig. 7) and the GeneAmp RNA PCR

kit (Fig. 8).

Figure 7. Agarose gel showing dilutions of PSTV sap extracts Figure 8. Agarose gel showing dilutions of PSTV sap extracts
amplified by RT-PCR using the Access RT-PCR System. amplified by RT-PCR uvsing the GeneAmp RNA PCR kit
Lane 1, water control; Lane 2, healthy potato; Lane 3, PSTY Lane 1, 100 bp ladder; Lane 2, water control; Lane 3, healthy
infected potato; Lane 4, 1:5 (infected : healthy), Lane 5, 1:10; potato; Lane 4, PSTV infected potato; Lane 5, 1:5 (infected :
Lane 6, 1:20; Lane 7, 1:50; Lane 8, 1:100; Lane 9, 100 bp kealthy); Lane 6, 1:10; Lane 7, 1:20; Lane 8, 1:50; Lane 9,
ladder. 1:100.

The GeneAmp RNA PCR kit occasionally gave inconsistent results with both the sap extracts
and total RNA from PSTV infected material using all primer sets (results not shown).
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4. cDNA probe

Results from the cDNA probe show that it is not as sensitive as PCR. Reasonably strong
signals could be obtained from 1.11 ng of pure CSV and very weak signals were obtained
down to 0.222 ng (Fig. 9). Total RNA extracts of PSTV infected material had reasonable
signals down to 504 ng and very weak signals were obtained down to 42 ng (Fig. 10).

Figure 9. Detection by cDNA probe of CSV infected Figure 10. Detection by cDNA probe of PSTV infected
material. 1, negative control; 2, positive control; 3, kit material, -6, sap extract dilutions as for RT-PCR to 1:100;
positive control DNA; 4-9, sap extract dilutions as for RT- 7. sap extract negative control; 8. negative control;

PCR to 1:100; 10, sap extract negative control; 11-19, pure 9, positive control; 10, kit positive control DNA; 11-19, total
CSV RNA dilutions as for RT-PCR; 20, chrysanthemum RNA from PSTV infected plants dilutions as for RT-PCR;
total RNA. 20, total RNA from healthy potato plants.

When sap extracts were used neither viroid could be detected.
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5. cDNA/RT-PCR comparison.

The RT-PCR, using either kit, was found to be at least 75 times more sensitive than the
¢DNA probe for the detection of CSV and 30 times more sensitive for the detection of PSTV.

(Table 2.)

Table 2. Levels of detection (ng) of pure CSV RNA and total RNA from PSTV infecetd
potatoes using the Access RT-PCR System, the GeneAmp RNA PCR kit or the cDNA probe.

Access RT-PCR GeneAmp RNA PCR | ¢cDNA probe
System kit

CSV 0.0148 0.0148 1.11

PSTV 16.8 16.8 504

RT-PCR, using either kit, was also able to detect viroids in sap extracts while the cDNA

probe could not.
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Discussion.

In order for a grower to implement disease control strategies a correct diagnosis must be
made. Both CSV and PSTV can be devastating to their respective host crops and rapid
identification of these disease agents can help to prevent further spread of the disease in the
field. This is especially important as the symptoms of both viroids in their hosts may not be
immediately obvious to the grower, especially for PSTV where the above ground symptoms

are minor.

Any test offered by a commercial diagnostic service must be accurate, reliable and have a
rapid turn around time. It is extremely important that the test is reliable and easy to use,
growers cannot afford to wait a week for a commercial laboratory to trouble-shoot a test that
has failed to work. A rapid turn around time is extremely important for a disease that can

spread easily and rapidly.

The RT-PCR for both viroids has a rapid turn around time and results can be obtained within
six hours after the receipt of the samples. The ability of the RT-PCR to detect both viroids in
sap extracts decreases the turn around time since lengthy purification procedures for RNA are
not required. This results in cost savings in labour that can be passed onto growers. Also, the
results from sap extracts indicate that it is possible to bulk samples when many are being

tested, again resulting in cost savings to growers.

The rapid extraction procedure, since it is simple and rapid, enables many samples to be
processed simultaneously. This extraction procedure is most reliable when expanding leaf
tissue from new emerging potato sprouts or chrysanthemum tips are used. Plants for testing
should be maintained at 25°C as this is the optimum temperature for viroid replication. This
increases viroid titre (Singh and Singh, 1995). Older chrysanthemum and potato material
may give unreliable results with the rapid extraction procedure. The modified method of
Rowhani er al. (1993} is more likely to produce a reliable result with older material but this
method takes one day to produce total RNA and only a small number of samples can be

processed at a time.



The RT-PCR test for CSV had been developed by Kusunoki et al. (1993) where a full length
product was produced. However this method required a rigorous extraction procedure that

slowed down the turn around time for testing and was therefore not used.

While both kits were equaily sensitive the one step PCR is most likely to be adopted as the
routine diagnostic test. The one step PCR is far easier to use since all ingredients for the RT
reaction and the PCR reaction are added to the tube at the one time, limiting the chance of
contamination. The two step RT-PCR requires the tube to be opened after the RT reaction,
increasing the chance of contamination and thus false positives. Also, it was found that the
one step Kit was more reliable than the two step kit for PSTV testing, making it the preferred
option for routine viroid diagnosis by RT-PCR, Whether this is true of other one step kits has

yet to be determined.

The cDNA probe, while reasonably sensitive, is tedious and time consuming and takes one
week before results can be obtained. The RNA must be purified before use, and the number
of extracts that can be produced at any one time is limited. The test itself takes three days to
run and many hours of labour adding greatly to the cost. The one advantage of the test is that
a large number of samples can be processed at once. However, it is unlikely that this number
would exceed that done comfortably via PCR within the time it would take to carry out a
cDNA test.

The RT-PCR test will replace the cDNA probe, especially as the commercial cDNA probe kit
is no longer available. New technology is often more sensitive, rapid and cost effective than
older methods and can improve our ability to test for disease organisms. Indeed, the RT-PCR
is more sensitive, rapid and cost effective than the cDNA probe for CSV and PSTYV detection.
Also, in our hands the RT-PCR was reliable with crude and purified extracts of both viroids.
The RT-PCR is the diagnostic test that we recommend for the detection of CSV and PSTV.
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Appendix 1.

Manufacturers' instructions for the use of the GeneAmp RNA PCR kit (Perkin-Elmer-
Cetus) and the Access RT-PCR System (Promega Corporation).



PERKIN ELMER

FOR RESEARCH UISE ONLY
NOT FOR USE IN DIAGNOSTIC PROCEDURES
Part No. NAQB-0143 Sea nolice to purchaser
The Pethun-Eling GaneAmp & 1IHA PCA Kit and ANA PCA Coro Ka ata dasigned Kor use v the dotortion and analysis of gene axpression al tha
RANA javel. InChudod des rodgeris to park the [ o of FNEA 1o c LM fusing cloned Mudne Leukemia Vius [Mul V] Reverse
Transcrplase) and subsedquenl anyhcilon fusing 1the GunaArmy: Polymease Chaw Reacton |"PCR”) process snd Amp#Tag ® ONA Polyinarase)
allin a snghs Jeacnen lue? 3.0 21 A '} t Atasa My isolated from human placenta, s inchadad For inhibilion of cenlain
rhammakan Alusas.d Sulhicant reartonts s provikdud for 100 1everse transcrplion reachions {20 pL eachy and 100 PCR amplilications
(300 pL pach).

Tha comptate GenesAmp RMNA PCA Kit also conlaing a posinve conbrol ANA templata iranscribed lrorm the plasmid pAW 109, Plasmbd AWI09 con-
tamg an wysen o a syntheld knear anay ol pimer saruances Tor muliple largel genes construcked such that “upsiream™ prmer sites ara falowad
Ly COMPRMeEnlary StOuncus 10 o "duwnstomn” [ sites w1 1he $ama order. Tha insert s pAW103 is ideatical to the Inserl previously
deasCibet FOr plrsud (AW LOB (Frigurs 1)1 T raness aicloged i ths kil llank a0 - bu sile and can be used to amplily o 308 bp saquence wilhin
the e Sulhuient pAW 108 BEA 1w providud 100 50 1everse ranscriphon/3npilicalion reactions at 108 copies per reuction.

The Gereamp PCA process 15 a simphe and poworiul ineihod inveniad by K. Mulbs, which akows in vifra amplificalion of DHA seomants (including
cDMaY' 2 thiough 3 succession ol ncubanon staps ol differon enpaanwes 88 The Genedmp PCH process is hasad on Lhe repsiilion of this
cycle ana can amphly DHA senients by ot wast 105 fold ivid potentially as high as 109 lokd under the cendilions described below

NOTICE TO PURCHASER: LIMITED LICENSE

Tho purchase pnce o Ihis prosuct mcinges a lmiled, Hon-iranstarable license under LLS. Patenls 4,683,202, 4,683,195 and 4,965,188 or their for-
&N Countrparts, et by ol 3 Hoche e okl F Hlofinann-La Hocha Ltd 10 use only this amount of the product Lo praclice the
Polpmerasy Clian Fuachon ("PUH il relied (rocessas ouscnbed m said patents solely 1or the 1 and davelof i aclivilies of 1he pui-
CHaser when i DG 1% usct Wi CONPI e wab an aothongan themal cyclen Mo nght b0 ped o olter ¢ fab services of any kind
usieng PCH, il hnfinng vathont & fon repofiiug 1he Tasuits of purchaser's achviies bor 3 lea o ciher commercial consideralion, is hereby granted
by EHCaton of whlupped Furiben mloniahon o pechisseg keenses 16 pracbca the PCR process may be oblained by condacting the Director of
Licensmg al The PuckmEinue Corparation. Apphut Biosysiems Dmsion, 850 Lincoin Centre Drive, Foster City, Calilomia 94404 or at Aoche
tAalecutal Systenis, ot | 1 1AS Atharie Aoratims, Alairwa v, Calitorma 94501,

LIST OF KIT COMPONENTS

Siare the GeneAmp ANA SR K or e IHA FCR Coro K -20%C i a constanl tenperalue reezar, W stored under tha proper conditions, the
O] vl finn Ly prerdirnancs Beough e conteod dale ponted on W label faporfaal Note: Reverse Transcriptase and ANase inhibitor
are sensitive to ale onidation, Keop thove reogants ol -20°C unlid [ush prios 1o use. All wated 18 ized, ulirahhersd waler,
redened 1o as "I witer™  Leluiu usa, thaw lioZen components ang mis will by vortexing.

GeneAmp*

RNA PCR Kit
Part No. NB08-0017

RNA PCR Core Kit

Reageny Pant Hg. Yolume  Pescription
= MLV Reverse Teanscnpaase HU0B-0018 100 L S0 WL, Beverse ransconbes ANA 1o cDMNA
< Atlase lbalor HEOB- 0119 100l 20 WM., Wiikats Hiasa activity
§? AnghTaips (1A Potymexases  H001-0060 SOl 5 WL, Extends prmers during PCR amplification
3 uAlP 320 10 ) )
Ba | v naoa.ooo7 | 20 10mi b Deoxyribonucieasida wiphasy dissolvad in
a g oGIP i 20 DM D4 water; titraled with NaOH (o pH 7.0
E { are 320u 10mM
i 2 AOX FCH Bullen TSmh 500 mM KC 100 mid Tns-HO, pH 8.3, Provides prelemed pH and ionic sirength lar
ER ] NBOB-0010 { reverse runscnphion and PCA amplification
¥ o 25 kA LG, Solutumn ESml 25 mM MgClL. Required for enzyme activity
3 fandein He sy HODB.013F BNt 50 i+ Randoin pewners bor reverss lranscription of RNA
SRS TR It HECE.0128 100 4L 50 pra+ of Poly o saded prmer for reverse transcnption of Ak
Seguonce S-TTYTTTITTITTTITTIT- 3
++ Prc DRSS 50 pL 15 pid+ of “Downsireacn™ I1.-ba pekner lor roverse iranscriplion and amplification ol
PAWIDS AHA Sequence: 5'-CATGTCAAATTTICACTGCTICATCC-3
¢ Pruner A5 50 pL 15 i+ of "Upsiream™ IL- Y primver ko ddhpification of pAW109
Sequence; 5-GTCTCTGAATCAGAAATCCTICTATC-3
PAWIGE HEas NBOB-003?  E0uL b x 106 copiesfiL. HNA transcribed from pAW0S; in 30 pg/mL E.coll rRNA; in

1 mM EDTA, 10 mi MaCl, 1hni Tas-HC), pH B.0
* Supphiad o 10mid Tns HCLplI8 3
44 Doy itk Lar prandigand Sopatinely as @& sel ol 200 pl. each 6 25 b4 Sclulions (Pan Ho. NS0G-00T8).

ENZYME CHARACTERISTICS

AmphiTaq* DNA Polymerase
{Nuoaynitonucleosideliphosphiale: DHA Duoxyuct Jy ! LEC 21T}

Tha key component  he Genednp RHA PCA Hit of RHA PCR Core il is AmphTaq DHA Polymerase {Part No. NBO1-0060}. MM-EMr
AmphTag DA Polypinerasa & o coCemlananl, theanostsiiu, 94 kDa DA polymerase encoded by a modified ferm of the Thermus aqualicus DN:_\
polyMerase Geng winch has bieun mseitud wio an Eschoncma cob host 19 18 Many of 1he leatuies ol AmpiTay® Otta Palymerase alse make i
eacehent tor DHA sequoncng (Part Mos, HB0S-0001, H808-0035, N808-0110). AmplTag® DNA Polymerase and Halive Taq DMA Polymerase
wire A B RIA Al S OF0 8% awood By Hollinann-La Rocha e, Addinenal patent applications on genes encoding thar-

cra et baa 11 S T,

Concentration:
Lt Dadinition:

Analysis Conditions 10

Storage Buffer,

Siorage Tamperatura:

Associated Activities:

5 Unils/ul

One unit of anzyme.is dedined as the amouwnt St will neoporata 10 nmclas ol JNTPs into acid inschdle maledial ¢
30 minutes in a 10 mnue Ncubalon al 74°C undor b soalysis contiiens below,

25 miA TAPS (tris-{hydroxymelivyll- mathyl - aming - peopanasalionic acd, sodivm sali, pH 9 3 at room temperaiune).
50 aabd KCJ, 2 mid MgCL,, ¢ mibt B-meccaptoathanal; 200 phl Gach of dATP, dGIP.OTTE, 100 pM fa-12P)-alTP
{0.05-0.1 Cirmmeole); salmon spamt DNA, activaled by & phaubfication of metbods in ml. 19; mixed in & boal volume
50 pl and incubaled al 74°C Jor 0 nunulas.

20 m Tris-HCH, pH B 0 {at rooim tempecaiwe), 100 mikd KCL 0.5 mid EDTA (ethylenadiami tic acid), 1 mb’
(dithioshreitel), 50% {wiv} Glyceioh, 0.5% (wiv) Twean 2U+, 0 5% (wiv] Nondat Pae,
Suore AmpkiTag ® DHA Polymarass at -20°C, in a constun lenperatrs fesezer. if stored undes propar condilions. 1
enzyna will eemain active twough tha comtrol Jate prindu.s on B labud ’
Endonuckiase and exomuclease activities wera nol deteclable aliar one how ncubalion of 600 ng of supercoiled
PBRIZZ (dam™, dem™ ) o 800 ng of Mspl-digastad pBFI22 DMA, raspoctively, a1 747G, in the presence of B units «
AmphTag® DHA Polymevase. Tl enzyme lias o fork-lko- shuclues dapendent, polymenzaton eonancad 5 16 3" m
aso aclivity buk facks a 3" ke §° exonuckeasa aclivigy 1.8
Mul¥ Reverse Transcripase
{DNA Hucleolidyieanstarase [ARS Dincctod) EC 2.7.7 49

MuLY Reversa Transcriplase Murine Leukeania Virus Raverse Transceplase) s an HHA-dupandent DNA polymerase that uses single strande.

AN a5 a lainplata in Lhe presence ot a primer 1o sy

Concantration:
Socrce:
Uit Detinition:

Storage Butler

26 d Cumplg ary DA vl This gz yme is sutablo for syaibasis of lirst stiand «
S0 Linita/pl. "
This enzyma ks pusiliod frem Eschenchia coli exprassing ihw pof gene of Mul Y on a plasmid,

One unit i the amouw of enzyms thal mcorporales 1 nmioke ol JTTP into acid precipi able matedal v 10 miautes 8
37°C using poly 1A * alige dfT) ;4 a5 temploty primer. The rativ ol oliga ofT) to poty 7805 300,

20 M Teis-HCI, pH 7.5, 0.1 mhs Ha,EDTA, 1 ks DT, 8 012 {w/v) Nanidat PA0¢, 50% {vAv) Glyceroh, in DEPC
{diethylpyrocanounate) realed O Water,

The schemalic diagrwn i Figure 1 on next page (nol drawn (2 scale) shows tha genurat arcangement of thy RMNA transcribed rom plasmid

PAWTDS. Tha DNA sequances ko 1 othar GenaAmplimsr® prmsrs w the conted) « DHA sequencus afe provicged n Table 1.8 Tha DM151 an
DM 152 pnmer sei amplity 4 421-bp sequence trom authentic JL- b kIINA Based on the pesdioning of e DM151/DM152 primer pai, a 308-
product is amphfied 1rom pAW109-doived CONA. Seu followiig 1abka for Cairecl zizus o Iho products producad witlh hese primers, roim eill
PAWIGY or iANA.

Table 1. GenaAmphmar® Primers dor L yngpdkking anmd Olhet Amphcons in pAW 109 ANA.

GENE PRIMER INFORMATION PCA PRODUCT SIZE FROM P:;
NAME NAME SEQUENCE pawios [ mRna NUMBE
M| i | Sepemcers GOTIOGIGTEATAGGAGASS 5. osbp a2sop | Neos-ox
MOSF | G0 | Sceuomen 5 TOGGACGOABGOETTSIEATG 3 30209 wp | Neosoc
e o ey ey O
POGF8 | QLo | Seamecs 8- TT1CICACCTGOAGAGGICG o 0009 2600 | neosox
o | | s remeotnee) T |y | mee | weo
G | | e o EANGECT AGABACATALTOA 3 303 2me | Neoso
e g:::z m :glgé%i::: ?FS:QIA c:g ?rlcf:\ : :Eca . 080 121m0p NBO8.0¢
L0 | Oiiee | Semmence 5-T0GAOARCACOAGTTGTTOCTOGR 5 | 3060P iop | He0s-x
-2 oa136 Sopsance & TATITCAGATOGOTITAGTICOAG 3+ | 0P 2200p | HBOB-X
s | | s | o | ame |
oo | st | S 5 GAGNTTICICIGTATOOOACC ) s0wp 2rocp | nios-ox




u‘!z ® ® n.‘lz T «

“ w i @, % . w am
SHIHI IR
TP W O R P A R R BamHi

-——*’“‘——tﬂk_lll[llllli[li [TIITII T LT Taaton—

Hink Linker
"'M"ol" TEce g.'- Nav )

ByfEN

Bell

Figure 1. pAW10S Insert,

© PROTOCOLS FOR REVERSE TRA!'SCRIPTION OF ANA AND PCR AMPLIFICATION OF cDHA

: 0 Reverse Transeriplon Protocol. This protocal for 1l - conrol In the comphete GengAmp® RNA PCR Kil will provide an exampla ko users of
ither kil Conteal comnponends can be purchased soparat Yy

1 Prepare 3 Master Mix ot reverse banscriphon by adu g ihe reagents in 1he order and proportions shown below (Soa Sections 4.1 and 4.2),

Corponem Vel Einal Concentration
25 mk MgCl; Saluhon 4l SmM
10% PCA Budter B 2L X
2 DEFC Treated D) Walet 2L* —
= 1 4GP 2mL 1 mM
5 § aarp 2al. 1 mM
H JTTP for JUTP. Section 6.4} 2t ¥ mM
z acTp 2L t mM .
Fase Inlubiter fal 1l
MLV Reverse Transcnplase Ypi 2.5 UL
Rancom Hexamess 2.5 1M
.o -of-
Cligo d(Ths 19l 25 M
ot -or-
D152; "Downzbiean” Pnmes 0.75 uM
** pAWID9 A } ) copies (of mora)
Lo [FUE] -or-
User provided experimantal samphe _Shpgiotal RNA

Total reverse iranscuplion vokme, mchabng sang-o  20pL

Any comibnaton of water and sample volumes tan b+ usen as long as the fnal volums equals 20 pL.
+ Sae SecUon 5.9 for ingl oS on Jiding the pAW 19 ANA.

" using randam hexamars of Chga diT),, &% reversa transceiptase primer, akow all Wubes to Incubate at room lemp For 10 mi The room
amperalue incubaticn allgws 1o tha extension of the ey aneric primers of Clige diT)y, by reverse | ptage, The led primers will then
mmain annealed to e RNA 1emplate upen 1asng 1he sea hoo lenperature 1o 42°C. Incubaie all (ubes in a Parkin-Edmer GeneAmp PCR
aslrument System as fobows,

Tabls 2. Peikan-Ekner GendAmg PCR Instunient Sy 'R Transcrif Profile Times and Tomperatuwes.
Tube (for revar:.a branscriplion) Times & Tomperatures for Reverss Transcription
Peakon Fnoe Gy ™ vonme Ie Onl
PG Insteamen System) Tube Typs in A tube — 1 Cycle Only
Olopth Transcribe [ b I Cool
DHA: Therminl Cycler or [ GonaAmp PCA 200t STEP CYCLE
ONA Fhormol Heaction 15 min B i 5 min
Cyelar 480 moor-oigry [ 1% s8I0 i I 99°¢ | i
Microdmmp'™ CYLE
Frooehon
GeneAmp PCR 20 pk
System 9600 HE01-0537 0 o naother 15 min 5 min S min
(NO01-0540¢ 4220 98¢ 5°C
ME01-0612)

.2 Except lor amplilicions in the Perkin-Edmer GenaAm; ' PCR System 9600, canteol evapmaﬂoﬂ of refhping by overlaying the mix with 50 to
W) pb of minerat oil (Sigma Chomicad Co., 51, Lowis, MO, Fiat. Ho, M5004} The il showtd nod indenlere when withdrawil P I the entire vol-
.ma is io be recoverad. 100 pt. of high parily chiorafonm o be added atior amplilication. The aquecus phase cl'm!ahing the DHA will then lloal on
na chloroform-od mixluce, afowing 0asy colection. The u=- of AmpkWax'™ PCR Gem 100 {Part No. 3080100} as an alternallve 10 oif ray also

creass repeoducdnily in amplilication whoh used tor Hol “starts at low 1argat number or with high background DHA concentrations {Section 8.5).17

2.0 PCR Protocol
2,1 For each sample prapare a ewnimum of 78 pl of PCA Master dx a3 shown Lo low. {See Sections 4.1 and 4.7}

Compenen Yolume Einat Cangernlistion
25 m MgCL, Solution apl 2 a4
10% PCR Bulfer B apl "

DI Watar 65.5 L. -
AmpiiTag® DNA Polymerase 05, 25Unoogl.

Tatal PFCR Master Mix volurmna par sample 1L
2.2 Dispanse 78 pL ol the PCA Masiar Mix into sach reverse iranscrption reaction tube. Change lips belwesn addilions 10 avoid sarple car

2.3 Disponsa the primars Into sach tube. Changs tips betwesn primer addfions to avoid sample camyover, For ihw pAW 103 RNA supplied w
this kit, use Ihe DMIST/DMI52 primer set. If & “downstream”™ prismer was used for the reverse Wansciption reaction {e.g.. DM152), than & sho
not be added again. Wstead, subshitule 1 pl DI water,

Componen) Yohine Einat Concentraticn
D152 "Downglream” Primer 1 pl 0.15 pM Can to mixed test, hen add 2 pl per tube.
DM151 “Upstraam” Primer t b 015 ||M Higher cuncemrations ymay ba used.

Tha linal vohsma of aach tuba should now be 100 uL. fincluding 20 pl. kom the reverss iranscriplion reaction).
2.4 Spin e tubes for sppeoximately 30 ds fn a microcentritug:

3.0 Yemperature Cycling for the G | Resgeants. Opliowsm .}u‘ o Mo GeneAmp PCR Process & achieved using a Genadmp
PCA insirument System.

Stora samples at 8°C or less wntl ready 10 use (with the GaneAmp® PCR Carry-on 1t Provendion Kil [Part Ho, HEDR-0068) use 72°C).

Table 3. Perkin-Elmer GeneAmg PCR kash b Syt ' PCR Profile Tinwrs and Temperaturas.

Porkin-Elmer Tube (kr PCRY Timas & Temperatwres lor Ampliication wilh this ¥it
(L]
4 Exch ol 35 Cycles
PORInsliumant | Typg Type  [VOlMa HLMGE itial Step Final Step
Systom Ivapor bviet) Maelt Anneal-Exlend
DA Thermal SIER CYCLE SMEPCVCLE THEDBRLAY:
CWUD' cam PCR 100 po
eact soc.
DN Thermal FOlS0- 100 it as'C L4 soc. 50 sac, 7 min.
Cycler 490 #u001-0180) toycle 95°C 60°C b
GaneAmp STEP C¥CLE STEP CYCLE TWE CELAY
Thin-Watled
DHA, Tharma Reaction 100 120
Cycler 480 {HBON-USIT) (0H:50-100 i b %?gc : 45 soc 45 s0c, 7 min.
H001-061%) Yorde 95°C 0°C 12°C
MBOI-0137)
MicroAmp™ HOLD CveL HOLD
Gonoamp ™ | " Fanciion 100
PCA System (NBO1-0523} 0 vapor 105 soc. 15 sec 30 sec. © 7 min.
9600 m:m Doirior newded) 9y C 95°C 60'C 126

4.4 Genarat Noles

4.1 Because of the enormoun ampilication possible with the Garadmp PCR procuss, sinall tevels of DNA comamination, especially from pre
PCR amplification reactions, samplss wilh high DHA levels and pasitive conrol teaplatos, can ressll an product [ormation even in the absend:
purposeluw added temnplate DA 2 ¥ possible, Bl reactions should be sel up in a0 ared separalo drem PCRA product analysis. The use of deg

ed or disposat , aohulions and pipeitles (peelerably positive dlsptaoemenl prputias of ips wih hyokOphote: Mers) bor DNA pupuano
reaction mhhg and r' #hysis wil minkmize cross «
4.2 Mix gently {avold generating bubbles) the reverse transcriplase, RNasa Intobdcr, Aapilag® IJHA y of othey ty 1h d

reagents, then sph down i a microcantiituge batkore pipetiing. Piproetta The entyme catetully ond slowly 1he viscosity of the 50% gly:oro( ir\ e
buller can taad 1o pipetting erocs. Using Maslor Mixas jsee aboval will Increase Bccaricy, rotuece entymd koss on bps. and reduce iube-to-tub.
abiky.

4.3. For both iptiun and PCR amphtication, Mastor Mines of reagecits Iwater, bullers, oNTPs, magnesium chioride, and snzym:
all samplas can be prepared lllsl then gliquolted to idividual Iubes whaen teeded Lising sich nuaes vad minimize reagent pipstting losses,
Increase acouracy, amnd reduce the hor of ters. Any 0N of willer, Ay, and eapeinmontal sample volumas can b«

as long a3 tha final total combined volume equais 20 yiL bor the raverss ranscnplion reachon [Sue Section 1.1) and 100 L for the PCR ampht
fion {Ses Sections 2.1 and 2.3). However, care should e laken nol 10 wdd adddwonal ED 1A, cilrale or other chtaions with the pramers of exgn
mantat plo. Fi helator cc ion should pol exceod 0.11 mM,




+ Feverse wanscrphion aod PO amplicalions are | ormait in palypropylena reaction tubes. Parfarm smphklications in Ihe Parkin- Elmer PCR
o ube apRrogiate for your Forkun- Ebu Caneres ™ PFUR nslrument Systeon (see Seclion 5 and the insiroment manual). Perkn-Elmer

‘R reaction tubes provide the bast heat trangler beci: o of thow uvform dit in ihe wells of 1he corresponding insbrument. Since ONA may stick to
istic and sMce puckeasas ara ohan tound on suilaces A may be prelerable 1o use sterile tubes and pipetts lips.

i The reagem concenleabon ranges in tha reaction i 1ocipe dascribed in Sections 1.0 and 2.0 are a usehd stanling place for reversa ranscrip-
1 and PCR amgilitication of diferent AMA targels usin:. primees designed by the user. Oplimization of reactions tor each primer-lemplale par may
necessary and can be achaved by varying magnesine -+ chionde ¢o tration, pimer conc dicn and annaal-axiend lemperature Seclion

1. The eflect of these vanulions can be torad by «amimng Ihe intensilty and distribution of product samplas eleciropharesed on Agarose
Separation af GenaAmp PCR Products (Part No. N1 b-27T74) tok d by hzalion with alhkiium b ining of the gel @

1 The cptimal magnesiun chigride ¢ won fur ol raverse franscoplion and PCA amphlication needs ‘o be datermined empiricatly, by
g concentrtions of Magrasism Chiolda in Hie ranao of 0810 5 ad in 0.5 mM increments lor each prmer set. Too lillke or too much magne-
an chiofide cowld reduce reversa Transonplion and/oe anplificalion efliciency or resull in non-spacific praducts. If the samples contain EDTA, cit-
& of alher chelalods, raise the magnuesasn Ohionde o -ontrabon in the reaction mix propoctionately. Magnesium chloride concemiralions should
a be adjusted in parabel wilh signdicant changes in 31« conc 4 (higher or lower) of sample RNA, cDNA, DNA and dNTPs, to heep free
IGOHESINT $0N CONSland,

! Keep concentialions of dNTPS in 1he reachon mia §x Janced; if the concentiation ol any ocna dNTP is signiicantly differend from the rest, The
wiTagt DNA Polymierase may lond 10 meSncorporale. sow dawn and ferminate prematurety.1?

1 The sequence-specilc prwiers for ANA and cONA should be 15 1o 30 bases i langih. The %G+ C of priners showld be near 50%, 1o maxi-
ra specilicity, To avoid petentiad prablenis, prenors sti-old be puritied by gel electiopt is or HPLC ion-gxchange chromatography. The opli-
il primar concentraions need 10 be dotarrmined emnpark alty, by lesung concentialions in the range of 0.1 to 1.0 pM. Primer concentrations ihal

: 100 10w will rasull i htke or na PCA product, whibe £f ncenteabone Biat ae 100 high may resull in amplication of non- lafgel sequences Pﬂmer
ncenrations in e range of 0 2 10 0.5 pM will waik Joe nost PCA amplifications. Pnmer sequences shoukd not comph k wilkyies th

6 gach other, particadarly 1 the X ends. Tha pruners n Genedmp X PCA Reagenl Kit have been designad with GGACC ovedap at the 3" end, 1o
ow ors Consequence ol complamentary sequencess  Thiw use resulls in produchon of 46 10 50 base pair products callad pricrer dimes, which

o lead to other, larger prmer adifacis This product My y OCCur 10 50me extant even without such an overlap. Reducing each primer concenlra-
o fup 10 5 K, to 0.2 ph) will greatly reduce Suuh piocucts, as will use ol AmpdWax '™ PCR Gom 100 in a Hot Stan. 17

' RMA Reverse Transcription

- Tha paAW109 ANA usedd 38 4 postive control BBINA is enconsnendded 10 be wsed as supplied (See Section 1.1) or can be ditviad (in suloctaved
PG bgated DI water) 10 3s ke as 5 X 107 copius por 11 belore adchng 2 L 1o Ihe seaction and ts stabla for up 10 one hour diluted. In order to
8% user sensiivily in ANA PCR, working ddudions of ta pAW109 RHNA should be mada from the stock concentration. ANAS are very lablle,

¥ therefore precautions must be laken te mwnmiza Al wctuase aclnly dunng sampla prap antt subsequent dikiion.2?

* Tha primer of cONA synibesis can be Fandom Haxarers, Oligo diT),g it poly rA taited mAMA 13 used) or a "downsiieam” primar of your own
sign (DM152 is used in the example protocol). The chiaca of prenar v revirse iransoriplion depands on many Factors and he choice s best
198 on ihe basis ol exparimentation o evaludte 3 Bwe - proing syslems For shon AMAs cnnialmng ng hakping, any of the lhiee priming sys-

ns usudly woek noualty wak  For longor ranscopls o o ndng hakpins, lhia boll 0 gudetnes shoutd be considered.

5.2.1 Random he Try fust, sy ly 4l elhcecy of downsiream penng bs low, for kng s, or for transcripls
comaining hairpins  Use 10 reversa ranscobe g BNA g FdA. mANA, and MINA). The cong ion of Jorn t providad in this kil vall
allow eticien reverse iranscriplion of a1 laist 1 g HNA per reaction.

5.2.2 "Downstream” Primer. Try second. Use ko reve so transcring only ANA hat ins a - Wary sequence. You will naed to have
prior knowiedge of the 1argei sequence and have 1o s; nihesize 1he prmens.

5.2.9 Qag diT)e Avoid lor long mAMA of large tran- cripls il targel 18 1 Kby upsi . Use to ¥ spacilicity by reverse transciibing

anly eukaryotic mPNAS and 1iroviruses with poly rA Lods (Prokaryotic [iHA, rANA, IRNA, and some eukaryotic mRMA do not have poly 1A laks .
Use 10 5anstnpe emne eukaryohc mMA message.

3 Tha RHA segment 10 be banscanbed and Iier amphli «1 can ba at beast 3 kb long, although 100 10 1000 bases are more typical and easir to
1pily. Start with enough copwes of the temjialoe to 1o s1ie of obiaining a signal after 35 cycles: prelerably > 1M copies b less than 1 pg tatal
mpla RNA The pAW109 ANA is provided 3 & hugh enegh concentiahon 10 alow first users of the kil to add much higher levels of this lemplale
a control. Low ¢ A of 13cgel CONA may rogig ugy 10 45 50 cycles o produce sullicient product tor analysis,

4 Sample ANA should be extraciod waly phenol/chilorud wim, pracipidated with ethancl, and redissolved in ANase-free { mM EDTA, 10 mid NaCl,
rmM Ths-HCL pH B 0.

5 Mote: Roverse lransciyuose bivkts 1o cDAA and i thoraby iohititory 1o PCR amlilication. Uinder the condiions provided (2.5 UpL), Ihe 99°C
wBaton 10r 5 mvwies mackviles the reverse lanscopt se amd removes tha inhibitory eflect. If the cone al iplasa s
reased, nachvation of teverse ransoplASe beconurs cuna ditlicull AL 10 LAl of reverse transcriptage, PCH yields may be valiable or 5p0-
fic Fherelore, o syrihesis of fonger HHA Lanscnpls, « rs advisalle 10 vcrease the incubation time during reverse transcrption up 1o 60 min-

15 rathar than ncraase 1he amoun] of reverss ranscnpl 1se added.

+ PCA Amplilication

1 The setechon of 60 C 1o o combined anneal extend §mparddues is optvnal for amphficalion of the pAW 109 cCDNA. It may be recoassary to

v&t OF raise {n tha range of 37 10 65 C) the amaM-exl 1d lemperatues lor olher primer-iempiate pas. Higher annoa-exlend 1amperatures gen-
My resolt in 3 much more specihic product. 3% The opte.al anoseal-extend lemperalure can be delermined empirically by lasting increments of

Z or M35 unlil the marinuen in specibcily and product y-etd is reached. AL these temperatures (37° to 65°C) AmphiTag® DHA Polymerase has sig-
wam activity and enfensian o pnmed leniptates can ocour. For 50me fruner-tempiate pairs, two temperature rather than ilwea lemperatuce

cles may work where the anneal temperahie & above (G Ihe extension i3 completad a1 Lhe anneal temperature, The slower extension rale
Iowes [eMPEralures Midy taqurs oplzalon of Ihe tisse lor such combined anneaf-axtend sleps.

8.2 The lengih of the targel sequance will alfect Ihe required extension lrma. Tyywcally, AmpkTaip ONA Pol has an axlension fate of 2
to 4,000 bases per minule a1 79° 1o 80*C. Pol izalion rales are sigrl ovon bokow 55°C and wath smne tornpiates up ig B5*C.1 Ag th
amound of DNA increases in laler cycles, the number of AmgliTag DNA Polymies ase molecidas inay Lacome hnvling lor the axlension time alk
Increasing the extond times in later cycles may be necessary fo maintan efliciency o ampslicancn Uso the Aulo-Segmenl Extension lealure
Perkin-Exmar DNA Thermal Cychor or DA, Thermal Cyclor 480 of the AUTO program tor the GeneAnp™ PLR System Y600

6.3 The hall lite of AmphiTag® TINA Polymerase |<35 mimnes at >95°C)** suggesic 95°C as the imaximum practeal snelbng temperatura. Il s

impovtant in the early cyclas 10 b sure Lo comp y melt 1he template DNA - Wit high (34 C content DNA, niehing al 97°C for 1ha lirst lew ¢
willhelp produce singla sllanded template kor lhe PCR amplibcation. Tha malting lumperalueo shouky be redirced tar subsequen cycles bec
e dler PCR 3 My melis completaly a1 a lower temparatuce junbess ww PCH product is excassively G+ G nich) than the starting

8.4 Because AmpErgsa™ UHG (UNG), a component In the Gengdmp* PCH Carry Ovr Provention Kit {Port Mo, NBOB-0060), i5 active a1 42°
would ramave any Incotporated Urncll from cDNA during reverse lranscrplion. Users of the GenaAmp® PCR Carry-over Pravention Kil shoul
UNG only 1o the PCR Masler Mix and should keep mixes above 60°C wiila adding UNG il JUTP is used duing teverse transcriplion.

6.5 Ampfit¥ax ™ PCA Gem 100 {Part Ho. NB0B-0100) might also laciktate usa ol iese Kis. ARled birst pipetling Ihe PCR Master Mexinto Ine §
Reaclion uba, put #h one Ampikvax PCA Gem 100. The PCR Master Mk prefovalily would have only one primar, 10 reduce Tha formnation of §
dimer. Nexl, mell ahd solickty the wax belore pipetiing tha reverse ransciipdase nm on 1op of the wax layer. Alter incubating at 42°C for the
reversa iranscriplase stop, the teenperature thould be raised 1o 95°C ke 10 minutus, te macltivalo 1he raverse lransciplase wibout inactivatic
AmpkTag DMA Polymerase. The PCR cycling can then procesd normally. Becasy of the relativoly small volama in e upper layer, this mett
mighl work best using the masinwm voluma lor the lube (Section 3.0).

PERFORAMANCE CHARAGTERISTICS

Each %ot of ihe complala GenaAmp® ANA PCH Kit iPart Ho. HB08-0017) has boan shown, using tha reagem canddions in Sections 1.0 and §
and the cycling condilions in bold itatics of Table 2 in Seclion 3.0, (o yild a visillo 308 -bp band on Agarose ton Sepaatian of Gemedmp PCI
Products (Part Ho, H$30-2774) gols or equavalent stansed wilh athidium brorsde, tlarling wilh 10? copias of pAW109 fiHA.
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ORDERING INFORMATION

PRODUCTS ARE NOT FOR USE IN DIAGNOSTIC PROCEDURES

In tha United States:

For PCR Technical Support call lof-free
1-800-762-4001
FAX: 203-761-2542

representative call;

Austria
To order PCR consumables and reagenis Belgium
cafl loll-free g::f':;'-'

. . d
1-800-327-3002 ~ 1 Czechiosiovakia
To order PCR instruments or 10 reach your sales - g:: g::::_‘ Australia
representative call toll-lree “ | Finland

" 1-800-545-7547 France

' ) Germany
For PCR product literature call toll-free Hungary
1-800-762-4000 Italy

Latin Amuiica-Mexico
fn Europe: Netharlauds
Norway
For PCR Technical Support call Perkin-Elmer's Poland
European Sales Support Cenler in Vatersietten, f?Oﬂ_"EI-' if
Gerrnany at 46/8106/361-115 Spain
Sweden
FAX: 49/8106/6697 SwitzesLuwl
United Kingdom

Outside uf tha United Stales:

For the munber of your local Perkin-Elimer sales

431 1 602 31010

3227259099
359259 1118
514-737-7575
422772507
4542 81 1555
61 3 560 4566
358 0880 144
33 13085 6363
49681501010
36 1176 4011
393923831
52 5651 7077
311820754 81
47 22 68 6565
48 22 33 0936

s 7962172,

341803 4210
46 87 3300 10
41 61 692 §740
44 494 67 6161

GeneAmp™ PCR Instrument Systems from Perkin-Elmaer:

NB01-0150 DNA Thermal Cycler, 120 V, 60 Hz
NB01-0177 DNA Thermal Cycler, 240 V, 50 Hz
NB801-0189 DNA Thermat Cycler, 100 V, 50/60 Hz

NB801-0100 DNA Thermal Cycler 480, 120 V, 60 Hz
NB01-0101 DNA Thermal Cycler 480, 240 V, 50 Hz
NB01-0102 DNA Thermal Cycler 480, 100 v, 50/60 Hz

NE801-0001 GeneAmp™ PCR System 9600, 120 V, 60 Hz
N801-0002 GeneAmp™ PCR System 9600, 240 V, S0 Hz
NB01-0003 GeneAmp*™ PCR System 9600, 100 V, 50/60 Hz
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Access RT-PCR* System and Access RT-PCR Introductory System

Description

Numerous techniques have been developed to measure gene expression in tissues and cells.
These include Northem blots, coupled reverse transcription and PCR amplification (RT-PCR),
RNase protection assays, in situ hybridization, dot blots and S1 nuclease assays. Of these
methods, RT-PCR is the most sensitive and versatile. This technique can be used to determine
the presence or absence of a transcript, to estimate expression levels and to clone cONA products
without the necessity of constructing and screening a cDNA library.

The Promega Access RT-PCR® System is designed for the reverse transcription (RT} and polymerase
chain reaction (PCR) ampiification of a specific target RNA from either total RNA or mRNA (1). This one
tube, two-enzyme system provides sensitive, quick, and reproducible analysis of even rare RNAs.
The system uses AMV Reverse Transcriptase (AMV RT) from Avian Myeloblastosis Virus for first
strand DNA synthesis, and the thermostable 77 DNA Polymerase from Thermus flavus (2) for
second strand ¢cDNA synthesis and DNA ampiification. The Access RT-PCR System includes an
optimized single-buffer system that permits extremely sensitive detection of RNA transcripts, without
a requirement for buffer additions between the reverse transcription and PCR amplification steps
(Figure 1}. This simplifies the procedure and reduces the potentiai for contaminating the samples. In
addition, the improved performance of AMV Reverse Transcriptase at elevated temperatures (48°C)
in the AMV/TH 5X Reaction Buffer minimizes problems encountered with secondary structures in RNA.

Ordering Information

Product Cat.#

Access RT-PCR System ' A1250

Contains sufficient reagents for 100 reactions, including 25 reactions containing Positive Contro!
RNA and primers. includes:
. 500u AMV Reverse Transcriptase, Su/ul
500u 77 DNA Poiymerase, Suiul
iml  AMV/TAS5X Reaction Buffer
1.2ml MgSQy, 25mM
100l dNTP Mixture, 10mM each of JATP, dCTP, dGTP and dTTP
50u)  Positive Control RNA with Carrier (1.25 attomole/ul)
100p! Upstream Control Primer, 15uM
100 Downstream Control Primer, 15uM
13m!  Nuclease-Free Water

. 5 5 5 ¢ & 8w

*PCH Is a patented process. Purchase of this product does not inciude a license to perform PCR. Use of this product is
recommended for persons that efther have a licenss to perform PCR, of are not required to obtain a license,

INSTRUCTIONS FOR USE OF PRODUCT A1250 AND A1260

Revised 12/95. Printed in the USA, .
Part #TB220 Also Avallable on the Iniermnet at httpZ//www.promega.com ]
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Product Cat#

Access RT-PCR Introductory System A1280

Contains sufiicient reagents for 20 reactions and includes reagents for positive control reactions
(Positive Control RNA and primers). Includes:

* & & 2 & 0 2 »

100u  AMV Reverse Transcriptase, Su/pl
100u  7ADNA Polymerase, Su/ul
tml  AMV/T#5X Reaction Buffer

12ml MgSQ,, 25mM

20pl  dONTP Mixture, 10mM each of dATP, dCTP, dGTP and dTTP
- 50ul  Positive Control RNA with Carrier (1.25 attomole/y!)
100p!  Upstream Control Primer, 15uM
100! Downstream Control Primer, 15uM

13mt  Nuclease-Free Water

Storage Conditions: Store all system components at ~20°C. For long-term storage, the Positive
Contro! RNA with Carrier may be stored at ~70°C. The Access RT-PCR Systems are stable for six
months from the date of purchase when stored and handled properly.

. . Genéral Considerations

A. Factors to Consider When Optimizing the Reverse Transcription-PCR Reaction

Printad 1295
Pan #T8220

RNA Template

Successiul reverse transcription is dependent on the integrity and purity of the mRNA used

as the template. Procedures for creating and maintaining an RNase-free environment are
described in reference 3. Use sterile tubes, pipette tips, gloves and diethyl pyrocarbonate
(DEPC)-treated water. When isolating RNA from samples high in ribonuclease activity, use of
a ribonuclease inhibitor such as Promega's RNasin® Ribonuclease Inhibitor is recommended.
For the routing and rapid purification of total RNA from eukaryotic sources, we suggest the use
of Promega's RNAgents® Total RNA [solation System foliowed by digestion with RQ1-RNase-
Free DNase (Cat.# M6101), extraction and ethanal precipitation. Paly(A)+ RNA can be
efficiently isolated from total RNA using the PolyATtract® mRNA Isolation Systems, or directly
from eukaryotic sources with the PolyATtract® System 1000. These systems emable the
isolation of total or poly(A)+ RNA from crude cell or tissue lysates, and result in RNA
preparations sutficiently pure for use in the Access RT-PCR System.

For optimal results using this system, the RNA template, whether a total RNA preparation, an
mRNA population or a synthesized RNA transcript, should be DNA-free. The system’s T# DNA
Polyrerase has no reverse transcriptase activity under the standard reaction conditions (1),
but amplification product will be generated out of these reactions if trace amounts of DNA with
similar sequences are present in the template preparation.

2
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A mmamhla Rpanticne

Synthesize First Strand
cDNA

Denature Template

Synthesize Second
Strand and Amplify DNA

AMV.RT and T/ DNA
Polymerase, Aviv/Til
Reaction Buffer, dNTP
mix, specific upstream
and downstream
primers, MgSOy.
RNA template

\

48°C, 45 minutes

}

Y

94°C, 2 minutes

}

Y

40 cycles

Figure 1. Outline of the Access RT-PCR Systemn protocol,

The minimum amount of RNA that can be amplified using RT-PCR is both template and primer
dependent. For the Positive Control RNA provided, the minimum amount of RNA required is
103 molecules (2.5 zeptomoles, 2.5 x 10-21 moles) (Figure 2A}. Excellent ampiitication results
can be obtained with the Access RT-PCR System using total RNA template levels in the range of
10pg-1ug per reaction {Figure 2B), or poly(A)+ RNA template levels in the range of 1pg—100ng.

Control Reactions

To facilitate optimization and troubleshooting of the RT-PCR reactions, perform both positive
and negative control reactions. Use the supplied Positive Control RNA with Carrier, the Up-
stream Control Primer and the Downstream Control Primer for positive control reactions

(see Figure 2A). For a negative control, substitute sterile nuclease-free water for the RNA template

in the reaction.

Avoiding Contamination of Nucleic Acids

Take great care to minimize the potential for cross-contamination between samples and
prevent carryover of nucleic acid (RNA and DNA) from one experiment to the next. Use a
separate work area and pipettor for pre- and post-amplification steps. Use positive displace-
ment pipets or aerosol resistant tips to reduce cross-contamination during pipetting. Wear
gloves and change them often. Use UNG (4} or another sterilization technique to prevent

DNA carryover {0 subsequent reactions. Note: It is critical to vortex the magnesium stock prior

10 use.

Printed 12/45
Part #TB220
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Molecules af ANA per reaction 8. pg total RNA per reaction
M 108 105 3% 103102 10" 1 0 M pp bp M 106105 10t 103102 10" ¢ 0 M
- 1500 —
w 1000 ~
' — 500 — — 540bp
st B-actin
3230p - amplimear
positive
controi - 100 —
amplimer

Figure 2. Amplitication of specific RNAs using the Access RT-PCR System. Panel A: Serial 10-fold
dilutions of the Positive Control ANA supplied with the system were prepared In nuclease-free water. RT-PCR
reactions containing the indicated amounts of RNA were performed as described in the Section [V using the
control oligonucleotide primers provided with the Access RT-PCR System. Equivalent aliquots of each amplifi-
cation reaction were separated on a 3% NuSieve®/1% agarose gel in 1X TAE bufter containing 0.5pg/ml
ethidium bromide The specific 323bp amplimer is indicated. Lanes M, Promega's 100bp DNA Ladder

(Cat.# G2101). Panet B: RT-PCR reactions containing the indicated amounts of mouse liver total RNA were
performed as described in Section IV, using oligonucleotide primers specific to the mouse B-actin transcript.
The specific 540bp amplimer is indicated. Equivalent aliquots of each amplification reaction were separated
on a 3% NuSieve®/1% agarose gel in 1X TAE buffer containing 0.5pg/ml sthidium bromide. Lanes M,
Promega’s 100bp DNA Ladder (Cat.# G2101).

Magnesium Concentration

The magnesium requirement of both the AMV Reverse Transcriptase and the 71/ DNA
Polyrnerase in the Access RT-PCR System reactions is affected by the final concentration
of nucleotides, oligonucleotide primers and tempiate. The magnesium sulfate concentration
should be optimized for each experimental target/primer combination. Although 1.0-2.5mM
magnesium sulfate is suitable for most applications, titration of the magnesium sulfate con-
centration can significantly improve the sensitivity, specificity and quality of the reverse
transcription and amplification products. To determine the optimal magnesium concentration
for a specific template/primer combination, prepare a reaction series containing 0.5-3.0mM
magnesium sulfate in 0.5mM increments by adding 1, 2, 3, 4, 5 or 6l of the 25mM
magnesium sulfate stock to 50p! reactions.

Prirtted 12/95
Part #TB220 4
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primer Design

A specific prmer sNoUId Le useu ior first sianu syniNesis. SLaCiic prme.s wisl 2y I8
defined sequences and can be used to synthesize cDNA from particular mRNAs, rather than
from the entire mRNA population in the sampie. To differentiate between amplification of cDNA
and ampiification of contaminating genomic DNA, primers may be designed to anneal to
sequences in exons on opposite sides of an intron. An amplification product derived from
genomic DNA will be much larger than the product of the RT-PCR reaction. This size dif-
ference not only makes it possible to differentiate the two products by gel elecirophoresis, it
also favors the synthesis of the smailer cDNA derived product (PCR favors the amplification of
smaller fragments). Regardiess of primer choice, the final concentration of the primer in the
reaction must be optimized. We recommend adding 50pmol of primer (1uM final concentration

in reaction) as a starting point for optimization.
Temperatures

The Access RT-PCR System does not require a template denaturation step prior to initiation of
the reverse transcription reaction, If desired, however, a denaturation step may be incorpo-
rated by incubating a separate tube containing the primers and RNA template at 94°C for

2 minutes. (Do not incubate the AMV Reverse Transcriptase at 94°C,; it will be inactivated.)
The tempiate/primer mixture can then be added to the RT-PCR reaction mix for the standard
reverse transcription incubation at 48°C.

AMV Reverse Transcriptase is active in the AMV/ T 5X Reaction Bufter at temperatures
between 37° and 48°C. We recommend that the reverse transcription reaction be performed at
48°C to minimize the effects of RNA secondary structure and to encourage full-length cDNA
synthesis. Following the reverse transcription incubation, we recommend a two minute
incubation at 94°C to denature the RNA/CDNA hybrid and inactivate the AMV Reverse
Transcriptase. it has been reported that the AMV Reverse Transcriptase enzyme must be
inactivated to obtain high yields of amplification product using thermophilic DNA polymerases
such as Tl DNA Polymerase (5,6).

The sequences of the primers are a major consideration in determining the temperature of the
PCR amplification cycles. An amplification cycle typically consists of a denaturation step
(94°C), a template/primer annealing step (42°-80°C} and an extension step (68°C). For
primers with a high Tp,, it may be advantageous fo increase the suggested annealing and
extension ternperatures. The higher temperature minimizes nonspecific primer annealing,
thus increasing the amount of specific product produced. For upstream primers with a low Tpy,
it may be necessary to decrease the annealing temperature to allow the primer to anneal to
the target template.

incubation Times and Number of Cycles

Efficient first-strand cDNA synthesis can be accomplished in a 20-60 minute incubation at
37°-48°C. We recommend a 45 minute incubation at 48°C as a general starting point.

Following the first-strand cDNA synthesis, the AMV Reverse Transcriptase is inactivated and
the RNA/CDNA hybrid denatured using a 2 minute incubation at 94°C. This step leads directly
into the second-strand cDNA synthesis and PCR amplification phase of the procedure. Most

5
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RNA samples can be detected using 40 cycles of amplification. If the target RNA is rare or it
oniy a small amount of starting material is available, it may be necessary to increase the
number of cycles to 45 or 50. During the extension step, allow approximateiy 1 minute for
every 1kb of amplimer (minimum extension time = 1 minute). A final 7 minute extension at
68°C impraves the quality of the final product by extending truncated product to full-length.

IV. Synthesis and Analy's-is of RT-PCR Products Using the Access RT-PCR System

The reverse transcription and PCR cycling profile provided below should serve as a guideline for
initial experiments. These conditions work well for the detection of the 323bp PCR product

»  generated from the Positive Control RNA using the Upstream and Downstream Control Primers
provided with the Access RT-PCR System. We recammend optimizing the parameters discussed in
Section # for each target RNA.

First Strand ¢cDNA Synthesis

1 cycle [ 48°C for 45 minutes reverse transcription
4
1 cycle 94°C for 2 minutes AMV RT inactivation and
BNA/cDNA/primer denaturation
N

Second Strand cDNA Synthesis and
PCR Amplification

40 cycles 94°C for 30 sleconds denatu.ratlon
: 60°C for 1 minute annealing
68°C for 2 minutes extension
l
1 cycle (Optional) | 68°C for 7 minutes final extension ]
i
1 cycle [ 4°C - soak : |
Printed 12/95
Part #TB220 3
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A. Protocol
Bazgents to T2 Supnlied by tha ifaar
+ template RNA
« downstream oligonucleotide primer
+ ypstream oligonucteotide primer
» nuclease-free light mineral oil (e.g., SIGMA Cat.# M5804)

Printed 12/95
Part #TB220

-Prepare the reaction mix by combining the indicated volumes of Nuclease-Free Water,

AMV/TH 5X Reaction Buffer, dNTP Mix, the specific upstream and downstream primers,
and 25mM MgS0y4 in a thin-walled 0.5mi reaction tube on ice. Mix the components by
pipetting. Add the AMV Reverse Transcriptase and Tff DNA Polymerase to the reaction.
Gently vortex the tube for 10 seconds to mix the components If working with muttiple
samples, a Master Mix may be assembled on ice by combining appropriate mutltiples of
each of the indicated components and transferring 48ul of the master mix to each
reaction tube. Initiate the reaction by adding the template. Use individual pipet tips for all
additions, being careful not to cross-contaminate the samples.

Final
Volume Concentration
Nuclease-Free Water (to a final volume of 50 ul) Xl
AMV/TH 5SX Reaction Buffer (See Note 1) 10ul 1X
dNTP Mix (10mM each dNTP) (See Note 2) 1ul 0.2mM
Downstream primer *S0pmol 1uM
Upstream primer *50pmol TuM
25miM MgS Q4 (See Note 2) 2ul imM
AMV Reverse Transcriptase {Su/ul) 1l 0. tu/d
T DNA Polymerase (Su/ul) 1pl Q. 1u/ul
RNA sample (See Section ll.A} Yul
final volume 50 pl

*A general formula for calculating the number of nanograms of primer equivalent 1o S0pmol is:
50pmot = 16.3ng x b; where b is the number of bases in the primer. For the positive control
reaction, use 3.3pl of both the Downstream and Upstream Control Primers {(S0pmales).
**103-106 copies of a specific target template or 1pg-1ug total ANA, Use 2l of the Positive

Control RNA with Carrier (2.5 attomoles or 1 x 106 copies).

2.  Overlay the reaction with one or two drops (20—40ul} of nuclease-free mineral oil to
prevent condensation and evaporation.

3. Place the tubes in a controlied temperature heat block equilibrated at 48°C and incubate
for 45 minutes.

4. Proceed directly to thermal cycling the reactions for second-strand cDNA synthesis and
amplification {refer to the thermal cycling profile outlined above).

Notes:

1. If a precipitate forms in the buffer, re-solubilize by incubating at 65°C for 15 minutes.

2. Vortex prior to use.
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B. Analysis
1. Analyze the FCR reaciion predusio Dy agarcse g&!l slzglrophorasais of £36 ¢f the tetal
reaction. The products will be readily visible by UV transillumination of an ethidium
bromide stained gel. The amplification product obtained using the Positive Control RNA
with the Upstream and Downstream Control Primers is 323bp long (Figure 3).

Note: An approximétely 220bp amplification product is occasionaily observed with the
Positive Control RNA. This product arises from the amplification of a sequence in the
carrier RNA added to the Control RNA.

C 2. Store the reaction products at —20°C until needed. The reaction products may be purified
using the Wizard™ PCR Preps DNA Purification System (7).

Printed 12/95 :
Pant #TB220 -}
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Bl
101
151
201
251
301
351
401
451
501
551
601
651

701
751
801
851
901
951

igo1
1051
1101
1151

GAATACAAGC
ATAAAAATAT
AATACAAGGG
GCCGCGATTA
CTCGCGATAA
AAGCCCGATG
CAATGATGTT
TGCCTCTTCC
TTACTCACCA
ATATCCTGAG
GCCGGTTGCA
GTATTTCGTC
TGCGAGTGAT
GGAAAGAAAT

TTGGGCETGT
ATCATCATGA
GTGTTATGAG
AATTCCRAACA
TGTCGGGCAA
CGCCAGAGTT
ACAGATGAGA
GACCATCAAG
CTGCGATCCC
TCAGGTGAAA
TTCGATYTCCT
TCGCTCAGGC
TTTGATGACG
GCATAAGCTT

Upstream Conirol Pimer

CATGGTGATT
AGGTTGTATT
TTGCCATCCT
CGGCTTTTTC
GTTTCATTTG
TGTAACACTG

Downstream Control Primer 3'-GACTGAA

GAATAAATCG
GACAACGCAG
GTCCACCTAC
CGGGCGAGCT

TCTCACTTGA
GATGTTGGAC
ATGGAACTGC
AAAAATATGEG
ATGCTCGATG
GCAGAGCATT

AACTTTTGCT
ACCGTTCCGT
AACAAAGCTC
CCCAAARAAA

CTCAAAATCT
ACAATAAAAC
CCATATTCAA
TGGATGCTGA
TCAGGTGCGA
GTTTCTGAAA
TGGTCAGACT
CATTTTATCC
CGGGAAAACA
ATATTGTTGA
GTTTGTAATT
GCAATCACGA
AGCGTAATGG

CTGATGTTAC
TGTCTGCTTA
CGGGAAACGT
TTTATATGGG
CAATCTATCG
CATGGCAAAG
AAACTGGCTG
GTACTCCTGA
GCATTCCAGG
TGCGCTGGCA
GTCCTTTTARA
ATGAATAACG
CTGGCCTGTT

ATTGCACAAG
CATAMACAGTY
CTTGCTCGAG
TATAAATGGG
ATTGPATGGG
GTAGCETTGC
ACGGAATTITA
TGATGCATGG
TATTAGAAGA
GTGTTCCTGC
CAGCGATCGC
GTTTGGTTGA
GAACRAGTCT

TTGCCA T CACCGG c ACT

5'-GCCATTCT
TAACCTTATT
GAGTCGGAAT
CTCGGTGAGT
TATTGATAAT
AGTTTTTCTA

CACCGGATTC
TTTGACGAGG
CGCAGACCGA
TTTCTCCTTC
CCTGATATGA
ATCAGAATTG

AGTCGTC-3’

GGAAATTAAT
TACCAGGATC
ATTACAGAAA
ATAMATTGCA
GTTAATTGGT

ACGCTGA ACGG CGGCTTTGTT

GAGTTGAAGG
GGCAAAGCAA
TCATCAACCG
AARADRAMRRA

CTGCCCTGCC
ATCAGATCAC
AAGTTCAAAR
TGGCGACTCT
AAMADMDRAMDA

GCCGA-5’

GCATCTTCCC
TCACCAACTG
AGAGGATCCC
AAACCGAATT

Figure 3. Sequence of the Positive Control RNA, Upstream Control Primer and Downstream Control
Primer. The expacted cDNA product is 323bp long.

Printed 12/95
Pant #T8220
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V. Troubleshooting

Svmotoms Possible Causes Comments
Low yield or no first RNA degraded Verify the integrity of the RNA by denaturing
strand product agarose gel electrophoresis.

Use Promega's RNAgents® System,

" PolyATtract® mRNA Isoiation Systems or

PolyATtract® System 1000 to rapidly isolate
intact RNA and mRNA.

Ensure that reagents, tips and tubes are
RNase-free. isolate the RNA in the presence
of a ribonuclease inhibitor {e.g., Promega's
ANasin® Ribonuclease Inhibitor)

AMYV Reverse Transcriptase
thermally inactivated

If an initial denaturatiorvannealing step is
introduced into the protocol, be certain to
add the enzyme mix containing AMV
Reverse Transcriptase after the denatura-
tion step and subsequent 48°C equilibration.

Primer specificity

Verify that the “downstream” primer was
designed to be compiementary to the
downstream sequence of the BNA.

Primer annealing

If oligo(dT) was used as a “downstream”
primer, verify that the annealing incubation
was carried out at an appropriate
temperature prior to reverse transcription.

RNA purification
problem

Carryover of reagents {e.g., SDS, NaCi,
heparin, guanidine thiocyanate) from some
RNA purification methods can interfere
with RT-PCR. Reduce volume of target
RNA, perform additional purification steps
or change purification method.

Use Promega's RNAgents® System,
PolyATtract® mRNA Isolation Systems or
PolyATtract® System 1000 to isolate highly
pure RNA and mBNA.

Amplification product

Genomic DNA sequences

Digest the BNA using RQ1 RNase-Free

has a higher than related to the RNA tempiate  DNase.
expected molecular contaminate the RNA
weight preparation

Low yield or no
amplification product

insufficient number of cycles

Return reactions to thermocycier for 5 more
cycles.

Thermocycler programmed
incorrectly

Verify that times and temperatures are
correct.

Temperature too low in some
positions of themmocycler

Perform a set of control reactions to determine
if centain posttions in the thermocycler give
low yields.

Top of thermocycler open

The top must be closed for correct heating
and cooling.

Improper reaction conditions

Reduce the annealing temperature and/or
atlow longer extension times for longer
amplimers. :

Printed 1295
Part $TB220
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Symptoms

Possible Causes

Comments

Low yield orne
amplification product
{continued)

Mizzsing reaciion component

Cheacl *= reaction comoaonents and repeat
the reaction,

Mineral oil problem

The reaction must be overiaid with high
quality, nuclease-free light minerai oil. Do
NOT use autoclaved mineral oil.

Reaction tubes not autoclaved

Autoclaving tubes eliminates contaminants
that inhibit ampilification.

. Insufficient first strand product

See discussion above under "No first strand
product”,

Poor primer design

Make sure primers are not self-compiemen-
tary or complementary to each other. Try a
longer primer.

Incorrect primer specificity .

Verify that the primers were designed to be
complementary to the aporopriate strands.

Suboptimal reaction conditions

Optimize MgSQ4 concentration, annealing
temperature and extension time. Verify that
primers are present in equal concentration,
Vortex the MgSQ4 prior 1o use.

Nucleotides degraded

Keep nuclectides frozen in aliquots, thaw
quickly and keep on ice once thawed. Avoid
multiple freezeithaw cycles.

Target sequence genuinely
not present in target RNA

Redesign experiment or try other sources of
target RNA.

Multiple, nonspecific
amplification products

Suboptimal reaction conditions

Optimize MgSQ4 concentration and
annealing temperature. Vortex the MgSQ4
prior to use.

Poor primer design

Make sure primers are not self-comple-
mentary or complementary to each other,
especially near the 3’ ends. Try a longer
primer. Avoid using three G or G nucleo-
tides in a row at the 3" end of a primer.

Contamination by another
target RNA/DNA

Use positive displacement pipets or aerosol
resistant tips to reduce cross-contamination
during pipetting. Use a separate work area
and pipettor for pre- and post-amplification,
Wear gloves and change them often. Use
UNG (4) or another sterilization technique
to prevent DNA carryaver to subsequent
reactions.

Muitiple target sequences
genuingly exist in target RNA

Design new primers.

Printed 12/95
Part #TB220
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VI. Appendix
A. Composition of Buffers and Solutions
10mM dNTP Mixture

10mM  each of dATP, dCTP,
dGTP and dTTP in
water.

Positive Cantrol RNA with Carrier

1.25amol/ut  1.2kb RNA (prepared byin
vitro transcription)
-Bug/ml  E. colirBNA
10mM  Tris-HCI, pH 8.0
0.tmM EDTA

B. Control Primer Sequences
Upstream Control Primer

5 GCCATTCTCACCGGATTCAGTCGTC 3

C. Related Products

MgSQ, Solution

25mM  MgSOQy in water.

TAE 50X Buffer

242g Tris Base

57.1ml
100mi

glacial acetic acid
0.5M EDTA, pH 8.0

Add deionized water to 1 liter.

Downstream Control Primer
5 AGCCGCCGTCCCGTCAAGTCAG 3

Enzymes

Product Size  Conc. {u/u) _Cat.#
TH DNA Polymerase* 100u 2-6 M1941
S500u 2-6 M1942

{5 x 100u)
Tii DNA Polymerase* 50u M7101
' 250u - M7102

{5 x 50u)
Tth DNA Polymerase* 100u 4-6 M2101
500u 4-6 M2102

{5 x 100u)
AMV Reverse Transcriptase 30Qu 5-10 MS1O
1,500u 5-10 M5102

(5 x 300u)
600u 20-25 M2004

*Some appiications in which this product may be used are covered by patents lssued and applicable in cerain countries.
Because purchase of this product doas not include a license i perform any patented application, users of the product may be
required 1o obtain a patent license dapending upon the particular application and country In which the product Is used. For more

specific iInformation, please contact Promega.

Printed 12/95
Part #TB220
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PCR-Related Reagents

Froauct Size Cone. (i) Cat#d
Recormbinant RNasin® Ribonuclease Inhibitor 2,500u 20-40 N2511
10,000u 20-40 N2512
{4 x 2,500u)
20,000u 20-40 N2513
(2 x 10,000u)
60,000u 20-40 N2514
(6 x 10,000u)
This product is a recombinant protein isolated from E. coli,
Product Size Cone. (ufuly Cat#
RNasin® Ribonuclease Inhibitor 2,500u 20-40 N2111
10,000u 20-40 N2112
(4 x 2,500u)
- 20,000u 2040 N2113
(2 x 10,000u)
60,000u 20-40 N2114
. (6 x 10,000u)
This product is a protein isolated from human placenta. _
Product Size Conc. (u/uhy Cat#
AQ RNase-Free DNase 1,000u 1 M6101
5,000 1 Me102
(5 x 1,000)
Product Size Cat#
BNA Markers, 0.36-9.49kb 50ug G3191
pGEM® DNA Markers 50ug G1741
100bp DNA Ladder 250ul G2101
Random Primers 20ug 1181
Nuclease-Free Water S50mi P1193
_ (2 x 25mi)
PCR: A Practical Approach book 1 book A1000
dATP, 100mM 40pumoles U1201
dCTP, 100mM 4Qumoles U1221
dGTP, 100mM 40umoles Ui211
dTTP, 100mM 40umoles U1231
dATP, dCTP, dGTP, dTTP, each at 100mM 40umoles of each Ui1240
10umoles of each U1330
rtATP, 10mM 0.5ml P1132
rCTP, 10mM 0.5ml P1142
rGTP, 10mM Q.5ml P1152
rUTP, 10mM 0.5mi P1162
rATP, ICTP, rGTP, rUTP, each at 10mM 0.5ml of each P1221
Printed 12/95
Part #TB220 12
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PCR-Related Systems

Preduct | _Cat#
Wizard™ PCR Preps DNA Purification System A7170

Each system provides sufficient reagents for the purification of 50 DNA samples, either with or
without prior gei purification.

Product ‘ | Cat.#
PGEM®-T Vector System | A3600
pGEM®-T Vector System |l A3610
. The pGEM®-T Vector System H includes JM109 Competent Cells (High Efficiency).

Product Cat.#
PinPaint®-Xal T-Vector System | V2610
PinPoint®-Xa1 T-Vector System Il plus competent cells V2850
PinPoint®-Xa1 T-Vector System [f includes JM109 Competent Cells (High Efficiency).

Product Cat.#
E. coli S30 Extract System for Linear Templates ' L1030
Sufficient reagents are provided for 30 x 50ui coupled reactions.

Product Cat#
PolyATtract® System 1000 (includes Magnetic Separation Stand) 25420
PolyATtract® System 1000 (excludes Magnetic Separation Stand) 25400
Product Cat#
PolyATtract® mRBNA Isolation System | Z5210
PolyATtract® mRNA Isolation System il 25200
PolyATtract® mRNA Isolation System i 25300
PolyATtract® mRNA Isolation System |V Z5310
Product Cat#
RNAgents® Total RNA Isolation System Z5110

This system contains sufficient reagents for six RNA isolations, each from 1 gram of tissue or 108
cultured cells.

Product ' Cat.#
Reverse Transcription System A3500
Each system contains sufficient reagents for 100 reactions, processing up to 1pg of RNA per reaction.

Product : Cat#
SILVER SEQUENCE™ DNA Sequencing System Q4130

Each system provides sufficient reageﬁs- for 100 sets of sequencing reactions and staining
reagents for 10 gels.

*For research purpases only. Not for diagnostic or therapeutic use. For non-research uses of the portion of tha vector encoding
the biotinylation sequence, please contact Promega Corporation for licensing information. For non-research uses of the
SoftLink™ Resin, contact Toso Haas, 156 Keystone Drive, Montgomeryville PA 18936, 1-800-366-4875 or (215) 283-5000.

Printad 1295 .
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Product Cat.#

imol® DNA Sequencing System Q4100

Each sysiem provides suilicient reagents for 100 sets of sequencing reactions.
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Appendix 2.

Manufacturer's instructions for the use of the non-radioactive kit (Bresatec) using a

¢DNA probe and photobiotin for the detection of viroids in plant extracts.*

*Only the protocol for CSV is included since the cDNA method for both viroids is the same
with the exception of the treatment of RNA extracts from potatoes. RNA extracts from potatoes
are incubated at 60°C for 10 minutes and immediately placed on ice before spotting onto

nitrocellulose membranes.

25



1. CSV Bresatec

Bresatec Limited
GPQ Box 498
Adelaide, South Ausiralia 5
Austrajia
Telephone (08) 228526
Telex UNIVAD AA3914

Facsimile {08) 224 0464
Incorpovated in South Ausiria

'CHRYSANTHEMUM STUNT VIROID (CSV)

NON-RADIOACTIVE KIT FOR DETECTION IN PLANT EXTRACTS.
USE OF NON-RADIOACTIVE, PHOTOBIOTINTM-LABELLED

DNA PROBES.
L INTRODUCTION
il PRINCIPLE CF METHCD
1T, COMPONENTS OF THE KIT
Iv. EQUIPMENT AND SOLUTIONS REQUIRED
V. PREPARATION OF PLANT EXTRACTS
VL DOT-BLOT HYBRIDIZATION PROCEDURE
VIL - NOTES -
VIIIL REFERENCES

© Bresatec Limited, 1988.
The written material supplied with this kit is subject to copyright and may not

be reproduced in any form or used for any purpose other than that for which it
is supplied, without the written permission of Bresatec.

PhotobiotinTM is a trademark of Bresatec Limited. Patent pending on the
preparation and use of Photobiotin and related compounds.

November, 1988
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1. INTRODUCTION

-The-causative agent of chrysanthemum stunt disease, chrysanthemum stunt viroid
(CSV), is a member of the unique group of plant pathogens known as viroids. Viroids differ
from conventional viruses by several properties; (a) they consist of single-stranded
covalently closed circular RMA species which exist as highly base-paired rod-like structures,
{b) they are not encapsidaied, (¢) they do not seem to code for any proteins, and (d) they
appear to depend compietely and absolutely on host enzymes for their replication and
circularisation. Several sequence variants of CSV have been reported, with sizes ranging
from 353-356 nucleotides (1,2).

Since viroids lack the antigenic coat protein characteristic of viruses, they cannot be
detected by immunological approaches such as the enzyme-linked immunosorbent assay
(ELISA). An alternative approach is to employ nucleic acid hybridization techniques using
recombinant DNA probes (3).

Biotin-labelled probes have advantages over radioactively-labelled probes in terms of
stability, safety and time of detection. This protocol describes the use of a biotinylated
recombinant DNA probe, containing a full-length monomer insert of CSV, for the routine
indexing of CSV in plant extracts by dot-blot nucleic acid hybridization. This photobiotin-
labelled probe has a comparable sensitivity to a 32P-labelled probe with no detectable non-
specific binding to healthy plant tissue (4).

II. PRINCIPLE OF METHOD

A photoactivatable analogue of biotin, PHOTOBIOTINTM, is used for the rapid and
reliable preparation of stable, non-radioactive, biotin-labelled DNA probes for nee in
bybridization studies. When a mixwure ot Photobiotin and nucleic acid is exposed to strong
visible light for 15-20 minutes, one biotin is coupled per 100-150 residues of nucleic acid (5).
After hybridization to target nucleic acid, detection involves addition of an avidin-enzyme
conjugate followed by a substrate; a positive signal is identified by the formation of an
insoluble blue pigment at the site of hybrid formation, '

L. COMPONENTS OF THE KIT
Tube 1. POSITIVE CONTROL DNA (VECTOR PLASMID), 1 ug, lyophilized.

Resuspend in 100 pl sterile §.1 mM EDTA. Prior to spotting, denature the
DNA by heating at 100°C for 5 minutes followed by snap cooling. Store at

-20°C.

Tube 2. SONICATED SALMON SPERM DNA, 50 mg in 10 ml 0.1 mM EDTA.
Store at -20°C,

Tube 3. 150 x DENHARDT’S SOLUTION, 1.5 ml, sterilized. Store at -20°C and

keep free of bacterialt contamination. [1 x Denhardt’s solution: 0.02% bovine
serum albumin, 0.02% Ficoit 400, and 0.02% polyviny! pyrollidone.)

Tube 4. PHOTOBIOTIN-LABELLED double-stranded DNA probe. 5 pg, lyophilized.
Resuspend in 250 ul sterile 0.1 mM EDTA. Store at -20°C in 50 i batches.
Tube 5. AVIDIN-ALKALINE PHOSPHATASE, 100 pg, lyophilized. Resuspend in

200 ul sterile water to give a 500x stock solutlon Store at -20°C in small
batches (e.g. 20-40 ul).

Tube 6. NITRO BLUE TETRAZOLIUM (NBT), 400 pl of a stock solution of
: 75 mg/ml in 70% dimethylformamide. Store at -20°C in the dark.
Tube 7. 5-BROMG-4-CHLOROQ-3-INDOLYL PHOSPHATE (BCIP), 400 ul of a

stock solution of 50 mg/ml in dimethylformamide. Store at -20°C in the dark,




A.

)

o

SR W

8.

3.CSV
IV. EQUIPMENT AND SOLUTIONS REQUIRED

EQUIPMENT
Microcentrifuge
‘Micropipettors and tips (sterile)
Roller leaf press (e.g. Erich Pollahne, West Germany)
for: glass rod filed at one end to fit 1.5 ml Eppendorf tubes]
Sterile forceps, scissors
Wash trays (e.g. lunch boxes 10 cm x 20 cm x 20 cm)
Heat sealable polythene rolls or polythene bags
Polythene bag heat sealer
Shaking water bath
Oven (preferably with vacuum)
Nitrocellulose membranes (Schleicher and Schuell 0.45 pM)
Whatman filter papers

SOLUTIONS

PREPARATION OF PLANT EXTRACTS

Extraction buffer: 0.5 M sodium acetate, pH 6.0, 10 mM MgCla, 3.0% (v/y) SDS,
20% (¥/v) ethanol, 1% (v/v) 2-mercaptoethanol (100 mi).

Water-saturated phenol, 0.1% 8-hydroxyquinoline (100 ml).

Chioroform.

Re-distilled or A.R. ethanol and 70% ethanol. Store at -20°C.

E. coli tRNA (Sigma) solution: 10 mg/ml in 0.1 mM EDTA (1 ml). Store at 20°C.

DOT-BLOT HYBRIDIZATION

20 x 8SC: 3 M sodium chloride, 0.3 M tri-sodium citrate (1 litre).

Deionized formamide (100 mi).

Stir 100 mi formamide with 2 g AmberliteTesin (Sl gma MB-1) for 1 hr, filter and
store at -20°C. Discard the resin,

Sodium phosphate solution: 1 M, pH 6.5 (100 ml).

Sodium EDTA solution: 0.2 M, pH 8.0 (100 ml).

Dextran Suiphate (Pharmacia) solution: 50% (¥/y) in water (100 ml).

Sodium dodecyl! sulphate (SDS) solution: 10% (%/y) in water (200 ml).

_Pre-hybridization buffer: To prepare 20 mi, add the following:

Reagent Volume (ml)

20x SSC - 5.0

'150 x Denhardt’s solution (Tube 3) 0.14
% SDS solution__ -~ ._. 0.4
. M'%%hospb_g@jgugon, 1M, pH 6.5 1.0
Sonicated salmon sperm DNA (5 mg/ml Tube 2) 1.¢
Deionized formamide. 10.0
-'SoﬁTLﬁ‘lEDTW_olufféﬁ”O 2M,pH80 T 0.5
Water— 20

~ 20 ml

Hybridization buffer: To prepare 10 ml, mix the following:
Pre-hybridization buffer 8 ml
50% (%/v) Dextran sulphate solution 2 ml
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Post-hybridization Washing Solution A: 2 x SSC, 0.1% SDS (1 litre).

Post-hybridization Washing Solution B: 0.1 x §3C, 0.1% SDS (1 litre). :

Sterile stock solutions of 20 x SSC, 1 M sodium phosphate (pH 6.5), 0.2 M sodium
EDTA (pH 8.0) and 10% (w/y) SDS can be stored at room temperature.

Stock solutions of deionized formamide, 150 x Denhardt’s solution, sonicated
denatured salmon sperm DNA and dextran sulphate should be stored at -20°C.,

Pre-hybridization and Hybridization buffers should be prepared fresh as required,

COLORIMETRIC DETECTION

Washing Solution I: 0.1 M Tris-HCl, pH 7.5, 1 M NaCl, 2 mM MgCl, 0.05% (v/v)
Triton X-100 (1 litre).
Blocking Solution: 3% (w/y) BSA (Fraction V, Sigma, Cat. No. A-4503) in Washing
Solution I (100 mi).
Untreated BSA can give coloured backgrounds when colour development is allowed
to proceed for more than 1-2 hours. For optimum results, it is strongly recommended
that the BSA solution be prepared as follows:
Dissolve 3 g BSA in 70 ml sterile water in a screw-capped glass bottle and adjust the
resulting solution to pH 3.0 with conc. HC1. Heat in a boiling water bath for 20
minutes, cool to room temperature and adjust to pH 7.5 with 10 M NaOH. During
this pH adjustment, the solution briefly turns turbid but readily clarifies as the pH
nears neutrality. Add 10 mi Solution B (see below) and 5.8 g solid NaCl to give a
final molarity of 1.0. Make to 100 ml with sterile water. This solution can be stored
for several months at 4°C.
Solution B: 1.0 M Tris-HC, pH 7.5, 20 mM MgCl2, 0.5% (v/v) Triton
X-100,
Avidin-Alkaline Phosphatase Solution: Prepared by SOOx dilution of the stock
solution (tube 5) in Blocking Solution (e.g. 2 ul per ml).
FVashing Solution IT: 0.1 M Tris-HC), pH 9.5. l M Na(Cl, 5 mM MgCla

1 litre).
Solution S: 0.1 M Tris-HCI, pH 9.5, 0.1 M NaCl, 5 mM MgCl> (100 ml).
Termination Solution: 10 mM Tris-HCI, pH 7.5, 1.0 mM EDTA (500 ml).

V. PREPARATION OF PLANT EXTRACTS
Healthy and CSV-infected chrysanthemum leaves for diagnosis should be freshly

harvested. Leaf material should be transported cooled and stored at 4°C prior to extraction.
Storage at 4°C (or -20°C) for several days results in negligible loss of viroid. Long term
storage of CSV-infected chrysanthemum tissue at -20°C should be avoided.due to
considerable loss of viroid (our unpublished observations). The following two methods of
extraction are recommended:

Al

SAP EXTRACTION BY ROLLER LEAF PRESS

1. To each gram leaf tissue inserted between the rollers, add 5 ml Extraction
buffer in small amounts and collect the slurry in a2 50 ml cenirifuge tube.
Add 2.5 m! water-saturated phenol and 2.5 ml chloroform, shake for 1 min
and leave on ice for 10 min.
Spin at 10,000 x g at 4°C for 20 min and collect the aqueous phase.
Add 2.5 volume chilied ethanol to all or part of the aqueous phase (50 mi
Corex or 1.5 mi Eppendorf tubes) and leave at -20°C for 1 hour. Centrifuge at
10,000 x g at 4°C for 20 min to obtain the nucleic acid pellet.
5. Wash the pellet in cold 70% ethanol, recentrifuge as above for 10 min, dry
in vacuo and resuspend in 0.1 mM EDTA (100-200 pl/g starting material) and
store at -20°C.,

pwN
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LEAF DISC (SMALL SCALE) METHOD

1.

N CA B

Remove a leaf disc of 1 cm. diameter (approx. 15 mg chrysanthemum tissue)
and place it in a 1.5 mi Eppendorf tube. The leaf disc is best obtained by
placing the leaf between the cap and the top of the Eppendorf tube and then
closing the cap firmly. Alternatively, the end of a disposable pipette tip (blue,
1 ml) can substitute for the Eppendorf cap.

Add 50 ul Extraction buffer to the leaf disc, followed by 50 ul water-saturated
phenoi and 100 pg E. coli IRNA (10 ul of 10 mg/mi stock). Homogenize with
a clean filed glass rod for 2 min.

Add 50l chloroform, vorteX for 30 sec and centrifuge at 12,000 x g for

10 min at room temperature. Collect the supernatant with a drawn-out Pasteur

pipette.

Add 150 pul cold ethanol and leave at -20°C for 1 hour.

Collect the nucleic acid pellet by spinning at 12,000 x g for 30 min at 4°C,
Rinse the pellet in cold 70% ethanol, dry iz vacuo, resuspend in 10 ul 0.1 mM
EDTA and store at -20°C.

VI, DOT-BLOT HYBRIDIZATION PROCEDURE

SPOTTING

1.

Soak a pre-stamped (6 x 6 mm squares) sheet of nitrocellulose in distilled
water for 5 minutes followed by 20 x SSC for 10 minutes or until use. Dry the
filter under a lamp for 5 minutes.

Spot the samples (3 or 4 i) on the nitrocellulose sheet and dry.

Place the filter between two sheets of Whatman filier paper, clip and bake at
80°C for 2 hours (preferably in a vacuum oven). Place the filter in a heat
sealable polythene bag.

HYBRIDIZATION PROTOCOL

1.

Add Pre-hybridization buffer to the bag (0.1 ml/cm? filter). Remove all air

bubbles and carefully seal the bag. Incubate at 42°C for 15 hr (overnight, see

Notes) in a water bath which allows slight agitation.

To denature the probe, add an equal volume of 0.1 M NaOH and_incubate at

room temperature for 13 minutes.

Replace the Pre-hybridization buffer with an equal volume of Hybridization

buffer containing 50-100 ng/mi denatured probe. Re-seal the bag after

carefully removing the air bubbles.

Hybridize in the water bath with slight agitation at 55°C for up to 23 hr (see

Notes).

Transfer the filter to a wash tray. Use 200-300 ml solution for each 50 ¢cm?2 of

the filter. Washing steps are performed as follows:

(@)  Two washes in Post-hybridization Washing Solution A for 15 minutes
each at rcom temperature.

(b) Three washes in Post-hybridization Washing Solution B for 20 minutes
each at 55°C.

COLORIMETRIC DETECTION

1.

Place the filter in a new polythene bag, add the Blocking Solution (IVB(c),
0.1 ml/cm2). Remove air bubbles, seal the bag and incubate in a water bath at
42°C for 1 hour, with occasional agitation.

Remove the Blocking Solution and replace with 1 pg/ml Avidin-Alkaline
Phosphatase Solution. Seal the bag and incubate at room temperature for
15-20 minutes,
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3. Remove the filter, place in a plastic tray and wash as follows:
(a) Three washes in Washing Solution I for 20 minutes each at
room temperature.
(b)  Two washes in Washing Solution II for 10 minutes each at
TOOIN temperature, '
4. Transfer the filter to a new polythene bag, and incubate in the dark with
Substrate Solnton (0.1 ml/cm?2 flter).

PREPARATION OF SUBSTRATE SOLUTION: Add 20 pi NBT Solution
(Tube 6) to 5 ml Solution S and gently mix by inverting the tube. To this
mixiure add 20 ul BCIP Solution (Tube 7) and gently mix. The Substrate
Solution can be freshly prepared just before use or it can be stored in aliquots
at -20°C for two weeks.

5. Terminate the colour development when required by rinsing the filter in
Termination Solution.

6. Store the filter in a sealed plastic bag in the dark at 4°C. Photograph while
moist.

VII. NOTES

Aqueous solutions should be prepared with Distilled Water or water of equivalent
quality and autoclaved wherever possible.

Chrysanthemum extracts, once spotted onto nitrocellulose, may give rise to darkened
spots. These will disappear during the pre-hybridization and hybridization steps, thus
allowing colorimetric detection.

The use of a vacuum manifold apparatus for the application of extracts is not
recommended; dircct spotting of extracts resulis in a greater sensitivity of the method
(4).

A different hybridization protocol involving a four hour pre-hybridization and a
sixteen hour (overnight) hybridization may be used. However, a probe concentration
of 100 ng/ml is recommended for this alternative method.

Wash trays should be cleaned thoroughly. Nitrocellulose filters should always be
removed carefully by forceps prior to changing washing solutions.

Stock solutions of I M Tris-HCI (pH 7.5), 1 M Tris-HCl (pH 9.5), 2 M MgCl3 and

5 M NaCl are used for the preparation of the solutions required for colorimetric
detection.

Maximum colour development normally is obtained within 1-2 hours.- The optimal
period of colour development will vary, however, depending upon the amount of
biotin-labelled probe annealed to the target nucleic acid and it may be necessary to
continue for a longer period. Overnight incubations may result in background
problems.
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