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Abstract

Real-time RT-PCR and SYBR green | melt curve analysis of a 74 bp amplicon enabled identificabiamgfox virus strains C, EA, and
W, with distinctT,,'s associated with each strain. This test is a useful supplement to a real-time RT-PCR test described earlier that was used t
distinguish PPV strains D and M. A longer fragment of 155 bp was not effective for strain identification. A simplified one-tube protocol, with
dithiothreitol eliminated from the reaction, showed similar sensitivity when compared to a two-tube protocol. For melt curve analysis, a slower
melt rate of 0.2C/s, compared to 04/s, was effective for detecting weak amplicons, and improved resolution @ftbéamplicons amplified
simultaneously. SYBR green | was useful for duplex melt curve analysis. In repeated melt run treatments (total of 14) of a single sample containin
co-amplified targets, complete translocation of SYBR green | was observed, going from a 74 bp fragment to a 114 bp fragment. The duration o
the melt run may be a critical factor affecting SYBR green | binding and translocation, and its manipulation may facilitate improved resolution and
simultaneous detection of multiple targets. This phenomenon may explain inconsistent SYBR green | fluorescence patterns associated with me
curve analysis of some amplicon complexes.
Crown Copyright© 2005Publishedby ElsevierB.V. All rightsreserved
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1. Introduction (Nicolas et al., 200R or even identification of strains of a virus
pathogenVarga and James, 20P5
Real-time PCR with SYBR Green | melting curve analysis SYBR green|based detection methods are reliable for detect-
is a simple and reliable technique that has been effective for the@g nucleic acid targets characterized by sequence variability.
detection and identification of various pathogens. These includBapin et al. (2004found that use of a probe based assay such
Leishmania speciesNicolas et al., 2008 animal RNA viruses as TagMan resulted in failure to detect 47% of possible sin-
such as Norwalk-like viruses and viruses infecting penaeidjle nucleotide variants of West Nile virus, whereas a SYBR
shrimp Beuret, 2004; Mouillesseaux et al., 200and plant green | based assay was just as sensitive, and more impor-
RNA viruses such a®lum pox virus (PPV, Varga and James, tantly, it detected 100% of possible varianRichards et al.
2005. This approach to real-time PCR can be adapted for quar(2004) indicated that in the case of Noroviruses, the use of
titative analysis of the target(s) of intereBapin et al., 2004  degenerate primers facilitate broad spectrum detection but that
SYBR Green | dye binds non-specifically to double-strandedrobe-type approaches such as TagMan require high comple-
DNA by intercalation and/or minor groove bindinggkanne  mentarity for probe binding. This may result in failure to detect
Deprez et al., 2002; Mouillesseaux et al., 2003; Zipper et al.yiruses that have high sequence variability in the probe-binding
2004). Specific identification may be achieved by melting curveregion. This uncertainty or false negative result is unacceptable
analysis that can be used for identification at the species levah situations where; (a) the result might affect early initiation
of treatment which could make the difference between life and
death, and (b) where a false negative result might contribute
* Corresponding author. Tel.: +1 250 363 6650x235; fax: +1 250 363 6661. 0 the release/introduction of plants infected with pathogens,
E-mail address: jamesd@inspection.gc.ca (D. James). such as aphid-vectored PP¥inent et al., 1994 that may
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be spread to other hosts in the vicinity. Other advantages df.2. Test design
SYBR green-based real-time PCR assays include; easy iden-
tification of spurious or non-specific amplification, the ability = PPV strain typing in this study is based on SYBR green |
to detect uncharacterized variants, and reduced time for analyaelt curve analysis of a single amplicon using a system similar
sis (Papin et al., 2004; Richards et al., 2004; Varga and Jame$y that developed in the PPV multiplex assay describéddoga
2005. and James (2005Jwo universal amplicons (74 bp and 155 bp)
PPV is considered the most serious disease affecting storveere compared for their effectiveness and use in identification of
fruits, members of th@runus spp. Nemeth, 1985 There are PPV strains C, EA, and W. The PPV P1 oligonucleotide primer
six recognized strains of PPV including D, M, EA, C, Rec, and(Wetzel et al., 1997aPPV-U, and PPV-RR primer sequences
W (Wetzel et al., 1991b; Cambra et al., 1994; Nemchinov e(in 5 to 3 orientation) are; ACCGAGACCACTACACTCCC,
al., 1998; Glasa et al., 2004; James and Varga, RO¥iese = TGAAGGCAGCAGCATTGAGA, and CTCTTCTTGTGTTC-
strains vary in aphid transmission, geographic distribution, hoSEGACGTTTC, respectively. Attempts at specific identification
range, and pathogenicity, so strain identification is essential faand strain typing were carried out as follows; if the original mul-
effective control of the virus and improved understanding of thetiplex assay arga and James, 20p§ave a positive result for
epidemiology of the associated disease. PPV, but negative for D or M strain, a second real-time RT-PCR
Varga and James (200&)cently described a real-time multi- assay was performed with further analysis of the 74 bp or 155 bp
plex PCR assay using SYBR green | and melt curve analysis farniversal amplicon, along with the internal amplification control
identification of members of the two major strains of PPV, straing181 bp amplicon for the Nad5 gene).
D and M. This approach is relatively simple, and more rapid than
previously described PPV strain typing methods including RT2.3. Isolation of total RNA and real-time RT-PCR
PCR with RFLP analysisietzel et al., 1990aand integrated conditions
RT-PCR/nested PCRSgemes et al., 2001Varga and James
(2005)demonstrated reliable identification of isolates of strain ~ Total RNA (from fresh and/or freeze-dried herbaceous and/or
D and M in both herbaceous and woody hosts. Strain specifisroody leaf tissue, as required) was extracted as described by
forward primers amplifying fragments of different sizes wereJames et al. (2003wo RT-PCR systems were assessed: (a)
combined with universal PPV primers, and primers targeting the two-tube system as described Ysgrga and James (20Q5)
endogenous NADH dehydrogenase gevierizel et al., 200  and (b) a one-tube system for increased simplicity and reduc-
in a multiplex system. This facilitated simultaneous PPV detection of cross-contamination. The one-tube RT-PCR reaction was
tion, D or M strain identification, and detection of an endogenougarried out without DTT, in a 2pl volume. This consisted of
control that reduces false negative results. The 74 bp universal5pl of a 1/10 water dilution of tRNA (herbaceous or woody)
fragment, amplified for isolates of all PPV strains testdarga  and 22.5ul of master mix (2.5l of Karsai Buffer Karsai et al.,
and James, 2005had melting temperature characteristics with2002, 0.5ul each of 5.M primers PPV-U, PPV-RR or PPV-
the potential to facilitate identification of isolates of strains otherP1, Nad5R, Nad5F and 10mM dNTPplLof 50 mM MgCly,
than D and M. In this study, real-time RT-PCR with SYBR green0.2jul of RNaseOUTM (40 U/ul, Invitrogen), 0.1ul each of
I melting curve analysis of the 74 bp fragment was evaluated foBUPERSCRIPT™ 1l (200 U/, Invitrogen) and Platinufh
supplementary use inthe identification of PPV strains C, EA, andaq DNA Polymerase High Fidelity (5 W, Invitrogen), and
W. Fragment size was assessed for efficacy by comparisons dful of 1:5000 (in TE pH 7.5) SYBR green | (Sigma) in 16l
the 74 bp fragment with a 155 bp fragment. Also, factors such awater). Real-time PCR was performed using a SmartC§cler
melt rate and the phenomenon of dye translocation were assesdéd hermal Cycler (Cepheid, Sunnyvale, CA) with data inter-
for their effects on reliable detection and strain identification ofpretation using SmartCycl@rSoftware Version 2.0d. The one-
PPV. tube cycling parameters consisted of a 10 min incubation at
50°C followed by 2-step PCR: 2 min incubation at 95 fol-
lowed by threshold-dependent cycling for 15s at’@5 and

2. Materials and methods 60s at 60C, where cycling advanced to melt stage once total
fluorescence passed threshold (manual setting of 20) plus an
2.1. Virus source extra nine cycles. Fluorescence readings were taken during the

anneal/extension step (6G incubation). Following threshold-

PPV C (a sweet cherry isolate) and PPV EA (El Amar) weredependent cycling, melting was performed from 60 t6 @&t
obtained as freeze dried tissue samples from A. Myrta, Italyeither 0.1 or 0.4C/s melt rates with a smooth curve setting
These isolates were maintained in the herbaceoudMiasiana  averaging 1 point. Melting peaks were visualized by plotting
benthamiana. PPV 2630 (D-2630) is a Canadian type D isolatethe absolute value of the 1st derivative against the temperature.
mechanically sap-transmitted from peaétupus persica var. ~ The melting temperaturelf,) was defined as the peak of the
Redhaven) taV. benthamiana. The virus isolate W3174 is a curve, and if the highest point was a plateau, then the mid-
Canadian isolate of PPV detected in pluPripnus domestica), pointwas identified as tHg,. For electrophoretic analysis, PCR
and mechanically sap-transmittedNobenthamiana. This iso-  products (1Qul) were separated on a 1.5% agarose (BioRad)
late represents a new strain of PPV, strainJAhfes and Varga, gel in TBE buffer, at 80V for 60 min, with ethidium bromide
2005. staining.
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3. Results melt analysis fig. 1A-D). Initially most of the SYBR green |
was associated with the 74 bp fragment compared to the 114 bp

3.1. One tube real-time multiplex RT-PCR assay versus D-specific fragmentKig. 1A). However, following a total of

two-tube assay; sensivitity comparison 14 repeated melt runs on the same samples, the SYBR green |

became almost completely associated with the 114 bp fragment

The one-tube real-time multiplex RT-PCR assay, as adapteand the melt peak for the 74 bp is barely discerndkilg. 1A-D
from the two-tube procedure, was more sensitive with a broadéndicate melt number 1, 3, 8 and 14, respectively, clearly show-
range of detection. Amplification was observed with seriallying the relocation of the SYBR green | dye and accompanying
water-diluted total RNA extracts from infected herbaceous hostdluorescence levels. Electrophoresis showed bands for both the
at 107 dilution (data not shown). Dilution of cDNA was no 74 bp and 114 bp products (gel not shown).
longer required with the one tube RT-PCR thus limiting and
redqug any chance for contammgtlon and/or tephmcal BITOR 3 Strain-specific Ty, as a function of strain, amplicon
This indicates a more robust reaction. Also, the initial CDNAsize, and melt rate
synthesis reaction time was reduced from 60 to 10 min, with an
overallreductionin assay time. Dithiothreitol (DTT), commonly 1o melting temperaturesT) of the 74bp amplicons
added to enzyme mixtures for stabilization and/or maintainyere distinct for C. EA, and W strains at both 0.1 and
ing activity, is a potential real-time PCR inhibitor that may g 4oc/s melt rates Rig. 2. Strain C had the lowesti,

delay cycle threshold(t) values Pierce et al.,, 2002 DTT (mean 79.84C/80.94°C) while strain EA was highest (av.
was removed from the one-tube assay with no loss in sensitivitgl_27OC/82.400C) at both the 0.1 and 0°C/s melt rates

observed. respectively[ig. 2). Increasing the melt rate from 0.1 to 0@/s
shifted theTy,, higher across all strains, an average of approxi-
3.2. SYBR green I translocation between amplicons mately 1.08 C. The shift inT\, was not constant across strains.

The relativeTy, difference between strains C and EA going from
An interesting observation regarding melt peak analysis waa melt rate of 0.1 to 0.4C/s was 1.43 and 1.4&, respectively
made during sensitivity comparisons between the two-tube rea(Fig. 2). The relatively, difference for W3174 compared to EA
time multiplex RT-PCR versus the one-tube strain typing assayvas 0.59 and 0.85C at 0.1 and 0.4C/s melt rate, respectively.
Fulltranslocation of SYBR green | from one amplicon to anotherThe relativeT, difference between C and W3174 was median
was observed over repeated melt runs, during a time-course af 1.02 and 0.91C at 0.1 and 0.4C/s, respectively.
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Fig. 1. Melt peak analysis of duplex targets over a series of melt runs showing translocation of SYBR green | over time. The reaction tube wa®sutyéaited t

of 14 consecutive melt runs, with A-D representing melt run number 1, 3, 8, and 14, respectively. After melt run number 1 (A), most SYBR green ted associa
with the 74 bp fragmentT{,, of 81.3°C) while less is associated with the 114 bp fragmépi ¢f 85.06°C). After a total of 14 melt runs, most of the SYBR green is
associated with the 114 bp amplicdhy(of 84.56°C) (D). Gel electrophoresis (1.5% agarose/TBE gel with Ethidium bromide staining) confirmed the presence of
both amplicons.
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Fig. 2. Mean melting temperaturé)+ S.D.) of the 74 bp fragment at 2C/s [
and 0.4 C/s of strains W (Nb-3174 and W3174, herbaceous and woody hosts, 01
respectively), C and EA (herbaceous hosts only). Nb indicates that the virus is
presentin the herbaceous h¥étotiana benthamiana. Means are representative -20
. . . 75 76 77 78 79 80 81 82 83 84 85 86 87 88
of eight samples. Experiments were repeated at least two times. Degrees C

Fig. 4. Increase in melt peak resolution with increased melt rate. Following RT-

The Tm’s associated with the 155 bp ampllcons were hlgherPCR on C strain-infected herbaceous tissue (see methods), the reaction tube was

in general than that of the 74 bp fragment. There was some 10$gpjected to two melt rates: 0.1 and 8G¥s. At 0.1°C/s melt rate (A), peaks for
of resolution with overlap of the averad@g, values of the three the 74 bpand 181 bp amplicons are snigj| 6f80.0 and 82.14C, respectively).
strains, at both ramp rateBi¢. 3). Overlappingl's occurred  Atthe 0.4°C/s meltrate (B), peaks for the 74 bp and 181 bp amplicons are larger
between strains W and EA, ranging from 84.94 to 85@5  (Tm 0f80.97 and 82.67C, respectively).

However it was possible to distinguish strain C, from EA and

W. The strain C fragment hagy’s of 85.94 and 86.82C _ ) )

at melt rates of 0.1 and 0°C/s, respectively, compared to 0.4°C/s resulted in an upward _shlft of_tl‘i?m across all strains,
84.95-85.07C and 85.76-85.95C for EA and W at melt rates ©ON average 0.88C (Fig. 3). Again, the increase ifim was not
0.1 and 0.4C/s, respectivelyRig. 3). The Tr, was lowest for ~ constant across all strains.

EA and W strains, and highest for strain C at both the 0.1 and

0.4°C/s melt ratesKig. 3). Increasing the melt rate from 0.1 to 3.4. Influence of melt rate on the detection of weak

amplicons
8= 86.82 Following PCR amplification, samples were subjected to two
86.8 iy melt runs, with melt rates of either 0.1 or 0@/s. Melt peaks
o 864 65,04 —— were observed for both the 74 bp fragmef}, (of 80.0°C)
o 85 ' 85.76 85.88 and 181 bp control fragmentT, of 82.14°C), at 0.1°C/s
2 B3 ‘I‘ { I (Fig. 4A). Larger more discernible melt peaks were associated
S 8561 84.04 with the 0.4°C/s melt rate withTy's of 80.97 and 82.67C
g 852 el eo07 for the 74bp and 181 bp amplicons, respectivefyg( 4B).
% 84.8 Increasing the melt rate increased the size of the melt peaks
g - due to a more rapid loss of fluorescence, facilitating more
reliable detection of weaker ampliconkig. 4B). The typi-
&4 cal T shift (lower to higher with increased melt rates) was
83.6 observed.
83.2 1| L 1 L | L | L |
Nb-3174 W3174 Nb-C  Nb-EA Nb-3174 W3174 Nb-C  Nb-EA 3.5. Influence of melt rate on the discrimination of close
Tw'’s
0.1 D/s 0.4 D/s

When two amplicons melt at similar temperatures, a slow

Fig. 3. Mean melting temperatures)+ S.D.) of the 155bp fragment at 0.1 |t rate (resulting in highefiy, resolution) resulted in improved
and 0.£C/s of strains W (Nb-3174 and W3174, herbaceous and woody hosts

respectively), C and EA (herbaceous hosts only). Nb indicates that the virus glsconmmatlon of the melt peaksF(g. 5) At a melt rate Of,
presentin the herbaceous h¥toriana benthamiana. Means are representative 0-1°C/s, melt peaks were observed for both the 74 bp amplicon

of eight samples. Experiments were repeated at least two times. (T 80.8°C, strain W), and the 181 bp internal control fragment
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308 8234 in Ty, does not appear equal between different fragments. This
60 (a) results in thell, of one fragment approaching that of the sec-
§4o ond and becoming indistinguishablBig. 5B). This effect is
@ reversible since if subjected to repeated melting atG/& melt
o 20 rate, two melt peaks became visible (data not shown). The loss
§ H_/'/ \,m in peak resolution may be related also to both the increase in
B A A size, and temperature shift of melt peaks at higher melt rates
(Figs.4and kb

-2(;75 76 77 78 79 80 81 82 83 84 85 86 87 88
Degrees C 3.6. Influence of tissue type on T, using the 74 bp and

155 bp fragments associated with strains W and D (D-2630)

80 (g) 82‘45”\\ The effects of host tissue type (leaves from herbac@bus
i benthamiana or woody Prunus sp.) onTy, were determined for
£ 40 \ both the 74 bp and 155bp fragments, at two melt rates. Two
§ . \ strains of PPV (W3174 and D-2630) were compared. Both are
S \ Canadian isolates that were available in fresh herbaceous and
= \/L woody tissue. Strict quarantine regulations restrict the importa-
tion into Canada oPrunus infected with PPV strains C or EA,
-20 hence they were not evaluated. Herbaceous or woody host tissue

75 76 77 78 79 80 81 82 83 84 85 86 87 88

Degrees C type did not affect significantly thE,, associated with either the

W3174 or D-2630 strain, for the 74 bp amplicon or the 155 bp
Fig. 5. Melt peak analysis showing a loss of resolution of weak amplicons W“hamplicon, at either raté'ebles 1and Zespectively). An upward

an increased melt rate, for strain W (fresh, woody tissue, a 1/40 water dilutior),. .. . . :
of tRNA). Following RT-PCR, the reaction tube was subjected to two melt ratesI:%hIft inTm, With anincrease in melt rate from 0.1to 6@/s, was

0.1 and 0.4C/s. At 0.2°C/s (A), two melt peaks representing the 74 bp and observed for the target in both hosTsabIes 1 and)z indicating

181 bp amplicons are observeti{s of 80.8 and 82.34C, respectively). At  that the phenomenon is not host specific.
0.4°C/s (B), the melt peak temperature shifts higher and only one melt peakis  The effect orfy, of freeze drying herbaceous or woody tissue

discernible, representing the 181 bp amplicon witfheof 82.45°C. was examined, using tissue infected with strain W. In this case,
there were no significant differences betweenfheobserved

(T of 82.34°C) (Fig. BA). Though exhibiting higher fluores- for amplicons derived from RNA extracts from infected

cence, only a single melt peaky{ of 82.45°C) was observed fresh herbaceous tissue, fresh woody tissue, or freeze-dried

at a melt rate of 0.4C/s (Fig. 5B), indicating lower resolu- woody tissueT°C+ S.D.) of 80.76+ 0.15, 80.74 0.16, and

tion of both amplicons. It appears that at the faster melt rat®0.68+ 0.09, respectively). Freeze-dried herbaceous tissue was

Tm's of all fragments are shifted higher, however, the increasaot tested.

1l\-llaebalf1 :nelting temperature3G+ S.D.) of the 74 bp fragment at 0.1 and 0@s of strains W3174 and D-2630 in herbaceous and woody hosts

0.1D/s 0.4 D/s

Nb-3174 w3174 Nb-263G D-263C¢ Nb-3174 w3174 Nb-263C D-263C°
80.75+0.15 80.68+0.09 80.01+0.19 79.89+0.19 81.68+0.21 81.85+0.15 81.17+0.11 80.97+0.19

(80.60-80.90)  (80.59-80.77)  (79.82-80.20)  (79.70-80.08)  (81.47-81.89)  (81.70-82.00)  (81.06-81.28)  (80.78-81.16)

The range of melting temperatures is indicated in brackets.
@ Herbaceous host Nicotiana benthamiana.
b Woody host Prunus domestica.
¢ Woody peach hosBrunus persica var. Redhaven. The mean was computed from a total of eight samples. Experiments were repeated at least twice.

I/Ia;balli fnelting temperature3§+ S.D.) of the 155 bp fragment at O.€C/s and 0.4C/s of strains W3174 and D-2630 in herbaceous and woody hosts
0.1D/s 0.4DIs

Nb-3174 w3174 Nb-263G D-263CF Nb-3174 w3174 Nb-263¢ D-263CF
84.94+0.36 85.01+0.09 85.44+0.13 85.46+0.09 85.94+0.16 85.76+0.15 86.29+0.11 86.29+0.08

(84.58-85.30)  (84.92-85.10)  (85.31-85.57)  (85.37-85.55)  (85.78-86.10)  (85.61-85.91)  (86.18-86.40)  (86.21-86.37)

The range of melting temperatures is indicated in brackets.
@ Herbaceous host Nicotiana benthamiana.
b Woody host Prunus domestica.
¢ Woody peach hosBrunus persica var. Redhaven. The mean was computed from a total of eight samples. Experiments were repeated at least twice.
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4. Discussion with melt curve analysis may be clearly visible on a gel, yet
no associated melt peaks are observed. Two reports have shown
Real-time PCR is a powerful diagnostic tool capable ofdiscrepancies between melt peak data and gel electrophoresis
rapidly generating reliable and reproducible results with reduce@Giglio et al., 2003; Monis et al., 2005Consequently con-
risks of cross contaminatiotacKay, 2004. In this study, sin-  cern was expressed about the reliability and usefulness of SYBR
gle tube real-time RT-PCR with SYBR green | dye and meltinggreen | dye Klonis et al., 200% It seems that too long a melt
curve analysis of a 74 bp amplicon were used for reliable identificycle may result in either translocation or preferential interca-
cation of isolates of PPV strains C, EA, and W. When combinedation of SYBR green | with one fragment (represented by one
with the protocol described byarga and James (2005pe-  melt peak), while more than one fragment is visible on a gel.
cific strain typing of members of all strains of PPV is possible,A quicker melt cycle may remedy this anomalyonis et al.
except strain PPV-Rec. PPV-Rec represents a group consistig005) compared SYTO9 with SYBR green | for use in melt
of isolates that result from a recombination of PPV-D and PPVcurve analyses. They used melt curve analyses settings®f 1
M, with the PPV-M coat protein (CP) coding region at tHe 3 steps with a hold of 10, 30, or 60's at each step from 60 6€70
terminus Glasa et al., 2004 Based on sequence analysis, theto 95 or 99°C (depending on the loci), compared to the present
procedure ofvarga and James (20Q5)hich targets the CP, study where 0.1 or 0.4C/sec melt rates (no hold) from 60 to
will likely identify PPV-Rec as PPV-M. PPV-M is considered a 95°C were used. In the study bByionis et al. (2005)a loss of
severeKerlan and Dunez, 197@nd less desirable type of PPV. one of the melt peaks was observed at either low SYBR green
Any identification of PPV-M would trigger detailed analysis in | concentrations or low template concentrations, however both
the CP region and regions upstream such as the NIb and P3/6Knplicons (inferred from melt peak plots) were observed with
region, which would facilitate identification of PPV-Re8lésa  SYTO9 across a broader range of dye concentrations and initial
etal., 2002. Efforts to identify real-time RT-PCR strategies for template DNA concentrations. In the present study, it seems that
simultaneous detection that include PPV-Rec are ongoing.  SYBR green | was not limiting but translocated from one ampli-
The real-time PCR approach described in this study utilizegon to another after repeated melt runs (14 runs over 84 min).
the inexpensive dsDNA intercalating dye SYBR green |. ThereSYBR green | translocation (not preferential binding) is sup-
are two general approaches to amplicon detection, specific anggbrted by the fact that the area under the curve of a melt peak
non-specific fluorescent reporting chemistries. Both display simis proportional to the amount of produs¥ilhelm and Pingoud,
ilar levels of sensitivity (Vittwer et al., 1997; Bustin and Nolan, 2003. As no new product is being generated during a melt run,
20049. The use of specific probe based assays such as Tathe peak is growing only as a result of SYBR green | translo-
Man may result in false negative results, especially in RNAcation. This suggests that the binding pattern of SYBR green |
viruses Papin et al., 2004; Richards et al., 200while non- s time and temperature dependent. SYBR green | is effective
specific assays using intercalating dyes such as SYBR Greerirl duplex (this study) or multiplex reactionggrga and James,
were found to be more reliable, flexible, simpler, and of lower2005 when melt curves are generated quickly, eliminating the
costs Papin et al., 2004; Richards et al., 2004; Varga and Jameganslocation events.
2009. SYBR green | melt curve analysis is a useful detection  Giglio et al. (2003)observed a similar translocation event
tool (Hernandez et al., 2003; Richards et al., 2004; Beuret, 2004jetween amplicons:(xtAB andhyl), with melt regimes of 20 or
Ririe et al., 1997 since it facilitates amplicon detection and 40 cycles. The translocation of SYBR green | between the two
differentiation, and has proven useful even in detecting singl¢oci may be an artifact of the melt settings. The melt protocol is
nucleotide polymorphismin duplex reactiofapp etal., 2003  stated as including a ramping rate 6f/60 s, assumed to be a
Many plant pathogen molecular diagnostic tools fail intro-60 s hold, which is similar téonis et al. (2005)The data from
duction for routine use because of high costs, complexity, anthe present study on PPV identification suggests that the duration
lack of robustnesd\artin et al., 200). To increase simplicity, a  of the melt run is a critical factor in SYBR green melt curve
one tube protocol adapted from a two tube procedure was deveinalysis. Translocation of SYBR green | during melt runs may
oped, with no loss in sensitivity observed. The assay was reliablige reduced by melting samples quickly, which may facilitate
over a wide range of template (total RNA) concentrations, angimultaneous detection of all amplicons. However, care must be
there was a significant reduction in time (about 1 h), compared teaken if increasing melt rate (e.g., 0.1 to 0G¥s or higher) as a
the two-tube assay. Dithiothreitol was removed from the reactioffoss in sensitivity detecting weak amplicons may occur.
mixture with no loss in sensitivity. DTT has been recognizedto  Successful SYBR green | multiplex melt curve analyses
negatively interfere with RT-PCR using SYBR greehékanne  appear to be associated with quicker melt runs than those used by
Deprez et al., 2002; Pierce et al., 2)02ther one-step RT-PCR  Monis et al. (2005)Beuret (2004used melt parameters consist-
protocols for RNA-virus detection have been optimized withouting of Os or 15s incubation times and temperature transition rates
DTT inclusion Pastorino et al., 2005 of 20°C/s on ROCHE'’s LightCyclé&t; Hernandez et al. (2003)
Complete translocation of SYBR green | dye from one ampli-andRichards et al. (2004)sed a melt transition rate of 0.2/s
con to another was observed over a series of repeated melt ruos Cepheid’s SmartCycl8rand Applied Biosystems’ ABI
on the same sample. This is an important phenomenon since@RISM® 7700 (no hold time is given), respectiveBapp et al.
will be useful for improving the resolution of multiple targets in a (2003)used melt parameters consisting of 0CZmin from 60 to
single reaction, and possibly explains certain events observed §2°C on the Applied Biosystems’ ABI 7000; whileVarga and
real-time PCR analysis. Fragments amplified in real-time PCRiames (20059)sed a melt transition rate of ®.C/s on Cepheid’s
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SmartCycleP for multiplex analyses. Melt settings and optional and allowed strain typing of C, EA, and W strains. This is in con-
parameters vary between thermocycleBugtin and Nolan, trast toMouillesseaux et al. (2003yhere increased amplicon
2004h, thus confounding resolution and interpretation of SYBRsize improved specificity in the identification of two RNA-
green | melt curve analyses. SYTO9 may help in meltingviruses infecting penaeid shrimp. One can predict Theof
peak resolution where real-time machines require a hold set DNA target using various programBanjkovich and Melo,
ting at each melt temperature to equilibrate block-type machine2009, however, actualy,, derived from SYBR green | melt
using Peltier- or Joule-based technologies. SYBR green | andurve analysis is dependent on many interacting factors such as;
SYTO9 differ slightly in their spectral characteristics with GC content, length, sequence compositiRirié et al., 1997,
optimal excitation/emission wavelengths of 497/520 nm andSYBR green | concentratioMonis et al., 200%j template con-
485/498 nm (Molecular Probes/Invitrogen, Carlsbad), respeccentration Ririe et al., 199Yas well as machine capabilities and
tively. The spectral characteristics of the machine must be cormmelt run settingsRirie et al., 1997this study).
sidered in deciding on the fluorescence dye suitable for optimal Tissue type had no significant impact on thig obtained
assay performance. For example, since the FAM channel on tHfeom either herbaceous or woody tissue using strain W and
SmartCycleP includes an excitation and emission maxima of D (2630) as models in this study. Nor was tlfig signifi-
450-495nm and 510-527 nm, respectively, optimal detectiopsantly affected by tissue preparation (fresh versus freeze dry-
of SYTO9 (emission at 498 nm) would not be realised. Reliableng) using strain W as a model. Minimal data exists on the
and reproducible melt curve analysis may not depend solely oeffect of tissue type or tissue handling for plant virus dif-
dye type (SYBR green | or SYTO9) but also on the differentferentiation (based offi,) using SYBR green | melt curve
machine capabilities. analysis. Co-purification of tissue-specific endogenous contam-
Melt rate has an impact on melt peak resolution. A higherinants (matrix components) from nucleic acid extraction was
melt rate decreases the number of readings over time, thershown to impact; by differentially delayingC; between four
fore, loss of fluorescence is larger than at a lower melt rate. Ibbovine housekeeping geneEdhopad et al., 2004 They sug-
addition, a melt rate of 0.4C/s is more sensitive to changes gest DNA template is blocked by macromolecules such as
in fluorescence than a O€/s as four times more fluorescence polysaccharides or proteins that inhibit the reaction and cause
readings are taken. Higher resolutiorfaf's is accomplished at  a delay in theC;. No significant differences were observed
the slower rate of 0.4C/s, however, greater resolution of weak in Ty, values between tissue types or preparations in this
amplicons occurs at the higher rate, as the peaks are larger study.
size. A trade off exists where at a slower rate nigjtaccuracy In conclusion, areal-time RT-PCR procedure complementary
is improved but at the expense of potentially missing the melto that described byarga and James (200%as developed
peak of weak amplicons. Conversely, at a higher rate the pealfsr strain typing PPV strains C, EA, and W. The procedure is
are larger, but thd,, has a higher associated standard deviarelatively simple and utilizes SYBR green with melting curve
tion. Further comparisons on different machines and associatethalysis of a single 74 bp fragment, with uniqgs associated
software would determine if the resolution of weak ampliconswith each strain. This shorter 74 bp fragment was found to be
is improved with increased melt rate, or if this is peculiar tomore effective than a 155 bp fragment assessed in this study. Melt
the SmartCyclé® interface. No literature is available examin- rate affects target detection in melt curve analysis, with a slower
ing the interaction of melt rate, hold settings, data acquisitiorramp rate (0.2C/s) producing more reliable detection of weak
and subsequent software analyses, and SYBR green | melt curaenplicons and bettef, resolution. In this study, tissue type or
analysis in multiplex reactions. tissue treatment (fresh versus freeze drying) did not appear to
Melt rate also affected the resolution®f’s. At0.1°C/smelt  affectT, values. Perhaps the mostimportant result of this study
rate, melt peaks were distinct giving an increased resolution dé the demonstration of SYBR green | translocation from one
peaks, however, a loss of peak resolution occurred with a ramamplicon to another. This translocation phenomenon may be
rate of 0.4#C/s when thdy’s of the two amplicons were close. useful when improved resolution and simultaneous detection of
This is related to the shift iy, from low to high which is asso- multiple targets are required. To our knowledge, this is the first
ciated with a low to high shift in melt ratdR{rie et al., 199y,  account documenting the translocation of SYBR green | fully
as well as the machine’s optics and/or software interpretatiofrom one amplicon to another. This melt curve analysis over a
of fluorescence data. TH&, shift is not even between ampli- time-course (using repeated melt runs of approximately 6 min
cons consequently a melding of the peaks is observed. Furtheach) may mimic what is happening in other machines with melt
study is needed to elucidate this phenomenon with SYBR greerrlins that are typically much longer (20-80 min), as hold steps
melt curve analyses, especially to determine if it is an artifact ofluring melt rate may be longer to approach and maintain block
instrumentation. The type of real-time instrument (ROCHE'suniformity in some cyclers.
LightCyclef®, Applied Biosystems ABI PRISf 7700, and
Corbett’s Rotor Gene 300l) did have significant impacts on Acknowledgements
theC; value when a Tagman probe/plasmid assay was performed
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