CHAPTER V

RESULTS

1. Primes and probes design 2 ’y :
Dengue virus consensus p ‘ ENG were designed from

the primers: (i) maximum h ur gen .. : d all strain of each genotype

positions and product size. When
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fragment of 204 bp ﬂzj ﬁ e 2. 275 lflr dengue genoi% ¢ 3, and 377 bp for
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Lane M 1 2 3 4 §

Figure 3. Gel electrophoresis from conwéntional multiplex nested PCR. Lane M 100 bp marker, lane
1 467bp for dengue genotype 1, lan€ 2 204 bp for dengue genotype 2, lane 3 275 bp for dengue
genotype 4, lane 5 377 bp for dengue'gendtype 4, andlane 5 511 bp of first round PCR product.

2. Detection and typing of dengue virus-by m;_ltiplex nested RT-PCR
Multiplex nested RT-PCR assay wés dcvel%péii to reversed transcribe dengue viral

RNA and amplify four differently sized of PCR products according to a genotype of
dengue virus. Sera from 100 dengué virus infectedipa,ﬁents were determined by multiplex
RT-PCR. RNA isolated was subjected to the RT-PCR assay aceording to the studied by
Lanciotti et al (19). The size of DNA product was obtained for each of dengue viruses
after amplification with primers DEN and DENR. The first round amplification was
generated DNA products of 511 bp for all ‘dengue virus genotypes.(Figure.3a) Each of
DNA product was types by second round of amplification with the type-specific primers.
These primiers ‘afe posifioned such that a differently ‘sizéd product/is genicraied from each
type, dengue'genotype 1, 467 bp; dengue genotype 2, 204 bp, dengue genotype 3, 275 bp,
and dengue genotype 4, 377 bp. Several modifications were made from the criginal
protocol. The concentration of each primer was adjusted for the optimal amplification in
all four PCR products. First PCR products that positive by Nested PCR were used for

genotype detection by real-time PCR.
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3. Primer DENLC
Before conducting the real-time PCR, the synthesized PCR primers DENG and

DENLC that used in real-time PCR were first tested in a conventional thermocycler to
determine the optimal conditions for generating appropriate PCR products. This is
especially important since PCR amplification cam occur at a wide variety of conditions.
The optimal annealing temperature for primers was ehosen based on the maximal yield of
PCR product with low or formation of primcr-dimers  or nonspecific products.
Recombinant plasmid, pTT47, gentain dengue genotype 2 New Guinea C strain, was used
in the PCR assay. The first round am;;liﬁcatioﬁ was performed by using DEN and DENR.
The size of DNA product is 811 bps The scégﬂd round amplification with DENG and
DENLC was obtained the DNA product siz¢ 22(i;.b;3' (Figure 4). The nested PCR assay was
performed by varies the annealing temperature from 50 to 55°C. The 55°C was chosen as
annealing temperature in order to reduce nonspe&ﬁc amplification. Later, these optimal

« dd

PCR conditions were imported into the EightCycler. ; ,"

4
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Figure 4. Gel electrophoresis of DEN 1-4 from primer DENG and DENLC. Lane M 100 bp marker,

lane 1-4 DEN 14 220 bp
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4. Cation titration
Preliminary nested real-time PCR with melting curve genotyping experiments
suggested that hybridization of the FRET probes required optimization for mutation

discrimination during this portion of the procedure. Mg2+ titration (1-8 mM) experiments

4

were done to determine the optimal tion for detection of dengue

genotype-specific melting peak b p'IT47 (Figure 5). The

reactions with 3 mM MgCl, pro among the melting peaks

for the genotypes tested.
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Figure5. Mg " titration e)&nment using recomblaant plasmid, pTT47 show derivative meltmg curve

plots ofLC-RQWWﬁWﬁT ?dﬁmﬂrﬂ in1,2,3,

4,5, 6,7, or 8 mM MgCl,
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5. Comparative testing

The melting temperature of dengue virus genotype 1-4 from the LightCycler —
FastStart DNA Master Hybridization Probes Reaction Kit (Roche Diagnosis, Germany)
and in-house master mix were evaluated whether in-house master mix can be used instead

of the commercial kit. The same samples were done in both reactions. Figure 6 (A-B)

showed the melting peak of dengue genc ing in-house master mix and Figure

7 (A-B) using the commercial kit.. Dengue genot 3 in the in-house master mix
- ;' -

was gave a fluorescence signal better than commercial kit The fluorescence signal of

master mix without any

deterioration of the result. In ( the-budget st dy, we used the in-house

e —
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Figure 6(A-B imﬁum les i Mg€l, by using the

in-house mﬁ%e b ‘ ﬁﬁﬁmzjﬁon probe

during heating from 40 to 70°C. The dengue genotypes are distinguished by their different T s. (A)
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=w= Den-1
—— Den-2
=== Den-3
=== Den-4

Fluorescence -d(F3/F1)/dT
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T,, analysis performed, and fluorescence signal were first measured in F2 for LC-Red 640 emission.
Dengue genotype 1 and 3 isolates can easily be determined by different T, values. (B) For detection
the dengue genotype 2 and 4, T_s are determined using measurement of LC-Red705 emission in F3.

Genotype 2 and 4 display close T_s.
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respective dengue genotypes are distinguished by their different T s. (A) T,, analysis performed, and
fluorescence signal from dengue genotype 1 and 3 were first measured in F2 for LC-Red 640
emission. (B) For detection the dengue genotype 2 and 4, T, s are determined using measurement of

LC-Red705 emission in F3. Genotype 2 and 4 display narrow discrimination T_s.
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6. Melting curve analysis for genotyping dengue virus

Sera from dengue virus infected patients were determined by dual-color detection
in real-time PCR. Forty cycles of amplification were performed with target DNA with
different genotypes using fluorescent resonance energy transfer (FRET) detection system.

Two color multiplexing and analysis of dengue genotype 1, 2, 3, and 4 was accomplished

on the LightCycler instrument. The ﬂuow*w was measured in channel F2 and
F3 at the end of each annealing phni}md mcre uct accumulated. The process
R

of hybridization and melting W

curve analysis. By plottin

temperature (-dF/dT), peaks a

probes t@was monitored by melting

erwatlve ‘Mﬂuorescence signal with

espe tive melting temperature (T.).

The DEN-1 and DEN-3'wefe degec _ the PDEN2 LC;Red 640 detection probe
and identified in channel F2 bé " ; ! O 'ﬁle DEN-1 product had a
melting temperature of about 4742 € whi 'l 7. iN-3 pro ct had a melting temperature
of 48.59°C. (Figure.8 A-B) The 1. ! e\in melting temperature was used to
differentiate these two genotypes of d@%-‘gye '-w - On the other hand, the DEN-2 and
DEN-4 were detected by the PDEI\ﬁ LE-Red"‘IOS d:.':F- jb Jand seen in channel F3.

The melting tempelamre._(i the DEN-2 p:?ﬁppmmately 54.21°C
while the DEN4 product_,bkld a melting re of 54._b C (Figure.8 C-D). The
distribution of meltin tempet‘ﬁtdh and m erature ranges for each genotype are
shown in table 4. ﬁ'f gnﬂﬂ ﬁi&” &J’:]S@'jlts genotype as the
dlfferenceﬁ W;} mperature ( ﬁ)
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Table 4. T_s observe ~.. respectivegcnotypes in this study’
—d

Dengue genoty /// Je l‘:‘i‘l E’“" ’
’ N N 3
: I,ﬁ; \x \
2 ‘ 1(53.90-54.52)
3 A v,;

4 1.80(54.59-55.05)

* Using F2, genotype 1 and ":, ¢ iden

In contrast, genotype 2 and 4 have an ,'7,,___ L

" 5 At
Values are mé A

_1
ﬂ‘LJEl’JVIEWﬁWEJ’]ﬂ‘i
amaﬂn‘mumqﬂmaa
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Figure 8(A-D). Representatlve serotyping experiment using real-time PCR and melting curve

analysis. Patient samples were genotyped with 3 mM MgCl,. Derivative melting curve plots are
shown. Water blank was included to control for reagent contamination. (A) Four patient samples
with DEN-1 and (B) 5 patient samples with DEN-3 were measured LC-Red 640 emission at F2. (€,
D) Four patient samples with DEN-2 and Den-4 were measured LC-Red 705 emission.
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7. Reproducibility of T for dengue virus serotyping
To analyze the variance of repeated runs, isolates of all four dengue genotypes
were tested two times on different days. The observed range of T_ found for each dengue
genotype test is indicated in table 5. The maximum within run variation was determined
from runs with more than one sample of a specific genotype; this analysis included all
j / ioure 8 is demonstrated the ability of
' &‘ms in patient samples.
e —

samples with concordant results by the tw

fT_s (C)
Within runs®
Dengue genotype Q interval range
1 46. -”“J 47.07-47.51 0.44
. 54.21(0.25@ 53.90-54.51 0.61

53¢ S
9"

2

¢ o /
3 j ng , 5-48.80 0.35
4 QJS 5.:? V] m] jﬁﬁ::] ﬂ :j.:9-55.05 0.46

R T I TR Y
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8. The sensitivity and specificity of real-time PCR

The molecular sensitivity of detection by the LightCycler assay was compared to
that of the conventional thermal cycler assay by use of the recombinant plasmid. The
tenfold dilutions of plasmid pTT47 were tested by real-time PCR on the LightCycler

instrument, the detection limit was found to be 75 molecules. Sensitivity of real-time PCR
is similar to the result from nested P(\I\ f The result of plasmid dilution from
LightCycler assay and convention AV @ shown in figure 9.

specificity was also verified b

from each genotype) were s
The DNA product was corr "tﬁn’lls ucleotide sequencing (data not

shows). The probes and pri four dengue virus-related

encephalitis complex but not react w type specific oligonucleotides or
—r!" :‘.‘l’ 4 ‘

dengue type specific prolm The result shov/e& PﬁR is specific for dengue

virus. There is no PC 2 pr me hich serve as negative

control in every run. D

ﬂuﬁﬁﬂﬂﬂ‘ﬁwmﬂ‘i
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Table 6. Comparison of the sensitivity of detection of tenfold dilution of
plasmid pTT47 by the conventional thermal cycler assay and the LightCycler

system assay

results of the following assayb:

Vial  Plasmid concentration A g ional LightCycler
No. (molecule) - théd ycle system assay
1 Neg

2 Pos

3 Pos

4 Pos

S Pos

6 Pos

7 Pos

8 Pos

9 y Pos

10 ¥ Equiv’

@ Neg

* The Plasmmm Wi’ the absorbance at 260 nm and
calculate by ersion factor (50).
Pos Positive; Neg, Negative

At K E R TTM AL T T TR

SO weae classified as equivocal (Equiv).
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Figure9 (A-B). (A) Reépresentative result of-realtime! PCR with LightCycler instrument. The
amplification of tenfold dilution of plasmid at 7.5, x 103, 75x 102, 7.5 x 10, 7.5 and 0.75 molecules.
(B) Agarose gel éldcirophdicsis “of PCR preducts from tenfold dilafion’ of ‘plasivid land negative
control by convéntional thermal cycler. Lane M 100 bp marker, lane 1-11 tenfold plasmud dilution 7.5
x10°, 7.5 x 107, 7.5 x10°, 7.5 x 10°, 7.5 x 10°, 7.5 x 10, 7.5 x 107, 7.5 x 10, 7.5, 0.75 molecules,

respectively.
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9. The sequencing and phylogenetic analysis

In order to validate the dengue genotyping by the LightCycler assay, the direct
DNA sequencing assay was used to genotype the samples from the LightCycler assay. A
phylogenetic analysis of the reference dengue virus that retrieved from GeneBank (URL:
http://www.ncbi.nih.gov): genotype 1, NC_00477; genotype 2, NC_001474; genotype 3,

Wuences were loaded to clustal W
/"_..

The four LightCycler p ach denguc virus genotype were loaded to ABI
PRISM sequencer. Alter the NCes were ‘t\iﬁ'u a were copy into FASTA

format with Chromas program beiorg loaded the se o the Clustal W program.
Ou ng \\

NC _001475; genotype 4, NC_002640.

The dengue virus genotypes he referenced dengue virus

sequences. The results from D y | elting curve analysis and

phylogenetic analysis showed

ﬂumwﬁmwmn'ﬁ
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