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42  Presented here is a protocol for field identification of Matricaria chamomilla using a portable
43  gPCR system. This easy-to-perform protocol is ideal as a method to confirm the identity of a
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such as farms and warehouses.

ABSTRACT:

Quality control in botanical products begins with the raw material supply. Traditionally,
botanical identification is performed through morphological assessment and chemical analytical
methods. However, the lack of availability of botanists, especially in recent years, coupled with
the need to enhance quality control to combat the stresses on the supply chain brought by
increasing consumer demand and climate change, necessitates alternative approaches. The
goal of this protocol is to facilitate botanical species identification using a portable gPCR system
on the field or in any setting, where access to laboratory equipment and expertise is limited.
Target DNA is amplified using dye-based gPCR, with DNA extracted from botanical reference
materials serving as a positive control. The target DNA is identified by its specific amplification
and matching its melting peak against the positive control. A detailed description of the steps
and parameters, from hands-on field sample collection, to DNA extraction, PCR amplification,
followed by data interpretation, has been included to ensure that readers can replicate this
protocol. The results produced align with traditional laboratory botanical identification
methods. The protocol is easy to perform and cost-effective, enabling quality testing on raw
materials as close to the point of origin of the supply chain as possible.

INTRODUCTION:

The practice of using botanicals to maintain and improve health dates back to thousands of
years. Due to stresses on the supply chain brought by increased consumer demand?,
unsustainable harvesting practices and climate change?, botanical adulteration is becoming a
growing concern in the food and dietary supplement industry3. The presence of undeclared or
misidentified botanical species may lead to reduced efficacy, or even safety issues. For
example, black cohosh (Actaea racemosa), used for treating premenstrual discomfort, may be
substituted with a low-priced Asian species with limited clinical data support for its efficacy®. In
a more serious case, substitution of Aristolochia fangchi for Stephania terandra in a clinical
study for weight loss using Chinese herbs led to severe nephrotoxicity and renal failure in some
participants>®. The two different species shared a Chinese common name “Fang Ji”. These cases
highlight the need for more stringent quality control, starting with the identification of raw
materials’, preferably as close to the point of origin of the supply chain as possible, so resources
can be efficiently allocated to the material of correct identity.

A number of orthogonal approaches can be used for botanical identification. Traditionally,
botanical identification is performed through morphological assessment®® and chemical
analytical methods!®13, Morphological identification is based on differences in macroscopic and
microscopic features of plant materials if differences exist (Figure 1). However, the lack of
training programs on classical botany in the recent years has resulted in a shortage of experts4,
making this approach impractical for routine quality control. Its application in powdered
botanical materials is also limited. Chemical analytical methods are widely used in
pharmacopoeias and laboratories, but are not ideal for field testing due to the size of
instruments such as High Performance Thin Layer Chromatography (HPTLC), High Performance
Liquid Chromatography (HPLC), and Nuclear Magnetic Resonance Spectroscopy (NMR) (Figure
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2), and environment requirements. Recently, genomic methods have emerged as an alternative
technique for botanical species' authentication and substitution detection and has proven to be
efficient and precise. Genomic methods exploit the high fidelity and specificity of genetic
information in plant materials'>°. Molecular diagnostic tools are available in the form of
portable devices, and often include automated data interpretation tools that lower the barrier
to technology use, making this approach ideal for field identification?%-24, Once the molecular
analysis method has been designed and validated?>?’, it can be performed by any personnel
with basic molecular biology training. Among the different portable tools available, real-time
PCR on DNA sequences is one of the cost-effective choices?8. The combination of a portable
device, together with customized and validated molecular analysis, allows verification of
botanical species and ingredients outside the laboratory, such as in farms and botanical
material warehouses, reducing the time and costs associated with traditional methods.

The goal of this protocol is to introduce a method for botanical identification in situations
where access to laboratory equipment and expertise is limited or unavailable, using a portable
gPCR system. The method is demonstrated on a field of Matricaria chamomilla (Figure 3A),
commonly known as German chamomile, widely used for its anti-inflammatory and antioxidant
properties?. It can be confused with related species of similar appearance or odor, especially
from the genera Chamaemelum, Tanacetum, and Chrysanthemum?3®-32. Among the related
species, Chamaemelum nobile, also known as Roman chamomile, is a noticeable one with
comparable production levels in commerce (Figure 3B). The method demonstrated was
designed to not only identify the target botanical species M. chamomilla, but also detect its
close relative, C. nobile, based on specific amplification of DNA sequences.

This article explains, in detail, how to perform field botanical identification of M. chamomilla
using intercalating dye-based qPCR and melt curve analysis on a portable device. The protocol
includes the collection of botanical samples from the field, on-site DNA extraction, and set up of
real-time PCR reaction. To ensure a valid conclusion, target botanical M. chamomilla and non-
target botanical C. nobile genomic DNA, pre-extracted from certified botanical reference
materials, are used as positive control. The specificity of this method is demonstrated by
performing both M. chamomilla and C. nobile identification tests individually on samples and
controls. Non-template negative control is used to exclude false positive results caused by PCR
contamination.

PROTOCOL:
1. Sample collection
1.1. Set up a testing area in the field with a flat and horizontal surface.

1.2. Identify a representative plant that reflects the characteristics of majority of the plants in
the chamomile flower field (Figure 4).

1.3. Pick a flower head from the representative plant using sterile gloves.
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1.4. Place the sample into a 2.0 mL collection tube.

1.5. Repeat steps 1.3 to 1.4 and collect a leaflet (approximately 0.5-0.7 cm long) from the same
plant.

NOTE: M. chamomilla flower and leaf are small enough to sit at the bottom of a 2.0 mL
collection tube. For other botanicals with larger surface area, a paper punch or scissors (rinsed
in 70% ethanol prior to use) can be used to isolate tissue samples for testing. When multiple
sampling is required, rinse the paper punch or scissors between handling of different samples.
2. DNA extraction

2.1. Preheat the dry bath incubator to 95 °C.

2.2. To each collection tube, add 100 uL of the extraction solution from the plant DNA
extraction kit (listed in Table of Materials). For better DNA extraction efficiency, grind the

tissue sample in the extraction solution using a tissue pestle.

2.3. Close the tube. Ensure that the botanical tissue is covered with the extraction solution
throughout the extraction process.

2.4. Place the collection tubes in a preheated dry bath incubator and incubate the collection
tubes at 95 °C for 10 min.

2.5. After 10 min, take the tubes out of the dry bath incubator.

2.6. Add 100 pL of the dilution solution from the same DNA extraction kit and mix the solution
by pipetting up and down several times.

2.7. Repeat the same step for leaflet extraction.

2.8. Shake to mix the solution further. The plant tissue usually does not appear to be degraded
after this treatment. The liquid color may change and become cloudy.

NOTE: The diluted solution can be stored at room temperature overnight if not proceeding
immediately. It is not necessary to remove the cellular debris from plant tissue before storage.
The liquid in the tubes holds the DNA templates for downstream PCR amplification.

3. PCR reaction setup
3.1. Configure the gPCR instrument thermocycling conditions according to the manufacturer's

specifications. Apply the PCR thermocycling profile listed in (Table 1), which starts with a
constant temperature step for initial denaturation, followed by 25 cycles of amplification, and
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ends with temperature ramping to obtain a high-resolution melting curve.
3.2. Thaw the gPCR Master Mix and primers (Table 2) at room temperature prior to use.

3.3. Plan the reaction that will be loaded in each well: wells containing positive control with
target species, positive control with non-target species, samples, and negative control (Figure
5).

3.3.1. In this example, ten wells are used — five for the German chamomile identification test
and the remaining five for the Roman chamomile identification test. For each type of species
identification test, one well contains positive control with DNA extracted from targeted species’
reference material, one well contains positive control with DNA extracted from non-targeted
species’ reference material, two wells are filled with flower and leaf DNA samples extracted
from the field, and one well is allocated for a negative control. Table 3 describes each well type.

3.4. Prepare a reaction master-mix according to the manual for each botanical species
identification test. A typical reaction master-mix contains universal gPCR Master Mix (2x),
forward and reverse species-specific primers, and nuclease-free water. Table 4 lists the reaction
system composition.

NOTE: If not using immediately, store the gPCR reaction master-mix at +2 °C to +8 °Cin a cooler
or mini-fridge.

3.5. Thoroughly mix the reaction master-mix by pipetting before use.
3.6. Place the gPCR cartridge face-up on a flat and stable surface.

3.7. Load 18 L of the reaction master-mix configured in step 3.4 into the cartridge wells
according to the wells defined in step 3.3. For this demonstration, add the German chamomile
identification test reaction master mix into wells labeled for GC test (GCT in wells 1, 3, 5, 7, 9)
and the Roman chamomile identification test reaction master-mix into wells labeled for RC test
(RCTin wells 2, 4, 6, 8, 10) (see Figure 5).

3.8. Transfer 2 uL of sample DNA from the supernatant of DNA extraction tubes and pre-
extracted DNA positive controls into cartridge wells preloaded with gPCR master mix. After

adding each DNA template to the qPCR master mix, gently mix the solution by pipetting.

NOTE: Avoid floating cellular debris when transferring DNA from the DNA extraction tube. Use
minicentrifuge to separate the supernatant and cellular debris, if necessary.

3.9. Carefully seal the cartridge with adhesive film. Load the cartridge onto the thermocycling
chamber and close it.

3.10. Set the gPCR instrument to run.
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REPRESENTATIVE RESULTS:

Following the protocol described in section 1, botanical DNA from flower head and leaf were
extracted into the supernatant after heat incubation of the collection tube at 95 °C for 10 min.
In the current study, the supernatant showed a yellow and greenish color for both flower and
leaf, indicating that a variety of natural compounds were released into the supernatant with
botanical DNA (Figure 6). Although reliable PCR amplification was achieved later in triplicate for
all field extracted DNA template, DNA quality assessment was performed in the laboratory as
reference. The concentration of flower head DNA extract, determined by fluorometry, ranged
from 3.69-5.36 ng/uL, while the concentration of leaf DNA extract ranged from 6.42-9.29
ng/uL. The Azeo/A2s0 and Azeo/A230 absorbance ratios of flower and leaf DNA extracts were
measured by spectrophotometry. However, due to the overlap between DNA and
phytochemical UV absorption spectrum, these ratios could not be reliability measured (data not
shown).

Intercalating fluorescent dye was used to monitor the amplification of target fragments in real-
time. Since both the specific primers M. chamomilla and C. nobile target the internal
transcribed spacer 2 (ITS2) region, which has tens to hundreds of copies in the plant genome,
25 PCR amplification cycles are sufficient to generate enough amplicons for the identification of
chamomile species. In Figure 7, the Ct value for M. chamomilla positive control in M.
chamomilla identification test was less than 25 (GCP_GCT), while after 25 amplification cycles,
the fluorescence of the same control in C. nobile identification test was below the detection
threshold (GCP_RCT). On the other hand, after 25 cycles, the fluorescence for C. nobile positive
control in M. chamomilla identification test was below the detection threshold (RCP_GCT),
while the Ct value for the same control in C. nobile identification test was less than 25
(RCP_RCT). The amplification of target and non-target positive controls in their respective
assays demonstrate the specificity of the M. chamomilla identification assay. For sample DNA,
field flower head and leaf DNA extract yielded Ct values of 15.18 and 19.41 in M. chamomilla
identification test, respectively (Sample1(FLOWER)_GCT and Sample2(LEAF)_GCT). Both of
these samples were not amplified in C. nobile identification test (Sample1(FLOWER)_RCT and
Sample2(LEAF)_RCT). The amplification patterns of both the samples matched the amplification
pattern of M. chamomilla positive control. Negative controls were not amplified in both M.
chamomilla and C. nobile identification tests (NC_GCT and NC_RCT), excluding the possibility of
false positives caused by PCR contamination. To further confirm specific amplification in
positive controls and samples, fractions of PCR end product from each well were run on 2%
agarose gel in the laboratory (Figure 8). For M. chamomilla identification test, both field
samples yielded amplicons running at the same position as the M. chamomilla positive control
with an estimated size slightly above 100 bp (theoretical size 102 bp). For C. nobile
identification test, non-target species C. nobile positive control yielded a band between 50 and
100 bp, fitting the theoretical size of 65 bp. The rest of the lanes showed no specific
amplification product, which was in agreement with the absence of fluorescent signal for these
wells, as observed in field testing.



265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

Following PCR amplification, a melting curve analysis was performed to assess the dissociation
characteristics of double-stranded DNA (dsDNA) during heating. As the temperature ramped up
during the final cycle for melt curve analysis, increases in temperature caused the double-
strand amplicons to dissociate. The intercalating fluorescent dye was gradually released into
the solution, decreasing fluorescence intensity (Figure 9A). The inflection point of the first
derivative curve was used to determine the melting temperature (Tm) (Figure 9B), which
depends mainly on DNA fragment length and GC content. Combining Ct value with melting
temperature can increase the specificity of gPCR analysis. In the current study, the melting
temperature peak of M. chamomilla positive control PCR amplicon occurred at 85.6 °C
(GCP_GCT) and it was distinct from the melting temperature peak of C. nobile positive control
PCR amplicon at 79.1 °C (RCP_RCT). The PCR amplicon from field flower head and leaf produced
melting temperature peaks at 85.2 °C and 84.8 °C, respectively (Sample1(FLOWER)_GCT and
Sample2(LEAF)_GCT). To assess melting temperature variations measured by the portable gPCR
system, additional datapoints were collected to confirm that sample melting temperatures
were always close to the melting temperature obtained from M. chamomilla positive control
(within 2 °C) and were far away from the melting temperature of C. nobile positive control
amplicon (Figure 10). Melting temperature peaks were sometimes reported in other wells.
However, their Ct values were not less than 25 and melting temperature peaks were not close
to M. chamomilla or C. nobile positive control (more than 2 °C apart).

In summary, field M. chamomilla identification test can be interpreted based on decision rules
summarized in Table 5. With all the positive controls testing positive for the putative botanical
species, negative for the other species, and negative controls testing negative, both field
samples were determined to contain M. chamomilla but not C. nobile. In addition, to align field
testing results with other analytical techniques, field conclusions were further confirmed by a
previously validated DNA barcoding method? (data not shown).

FIGURE AND TABLE LEGENDS:

Figure 1: Morphological identification of botanical materials. (A) Hibiscus rosa-sinensis
flowers, Curcuma longa roots, Malva Sylvestris leaves, Rosmarinus officinalis leaves,
Coriandrum sativum seeds, Zingiber officinale roots. (B) Petroselinum crispum and Apium
graveolens flakes are difficult to differentiate.

Figure 2: Chemical identification of botanical materials. (A) HPTLC instrument and a
representative HPTLC chromatogram. (B) HPLC instrument and a representative HPLC
chromatogram.

Figure 3: Matricaria chamomilla and Chamaemelum nobile in the field. (A) Matricaria
chamomilla, adapted from Wikipedia under CC BY-SA 3.0,
https://en.wikipedia.org/wiki/Matricaria_chamomilla#/media/File:Matricaria_February 2008-
1.jpg. (B) Chamaemelum nobile, adapted from Wikipedia under CC BY-SA 3.0,
https://en.wikipedia.org/wiki/Chamomile#/media/File:Chamaemelum_nobile_001.JPG.
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Figure 4: Collecting M. chamomilla plant parts from the field.
Figure 5: Layout of testing wells in the demonstration.

Figure 6: Field DNA extract in collection tubes. Botanical tissue remains in the original tube and
is covered by yellowish DNA extract.

Figure 7: Fluorescence plot showing the accumulation of PCR products over 25 cycles of
thermocycling. M. chamomilla positive control and C. nobile positive control show Ct values
less than 25 in M. chamomilla and C. nobile identification tests, respectively. The field flower
and leaf samples were amplified by M. chamomilla identification test with Ct values of 15.18
and 19.41. The rest of the wells were not amplified.

Figure 8: Gel electrophoresis of field PCR amplification products.

Figure 9: Melting temperature analysis. (A) The fluorescence signal in each well decreases with
the increasing temperature. (B) The identity of the PCR products was confirmed by the melting
temperature peak in melting curve analysis. The field flower and leaf samples show peaks at
85.2 °C and 84.8 °C. These are close to the peak produced by M. chamomilla positive control.
The C. nobile positive control produced a peak at 79.1 °C, which is different from the other
three samples.

Figure 10: Melting temperature peak variation between positive control and field samples.
Table 1: gPCR thermocycling conditions for M. chamomilla and C. nobile identification tests.
Table 2: Primer pairs for M. chamomilla and C. nobile identification tests.

Table 3: Well types and descriptions for M. chamomilla and C. nobile identification tests.
Table 4: Master-mix composition for M. chamomilla and C. nobile identification tests.

Table 5: Rules for gPCR result interpretation.

DISCUSSION:

The design of primers and template selection are the crucial steps in obtaining an efficient and
specific gPCR amplification. After identifying a suitable template, primer design software is
typically used to aid selection of primers based on design variables such as primer length,
melting temperature, and GC content333*, Optimization and validation can be performed under
the expected experimental conditions of the assay to ensure specificity, sensitivity, and
robustness of a PCR reaction3®. Sub-optimal primer design may result in primer-dimer

formation, wherein primer interactions produce non-specific products3®.

The no template controls (NTC) used in this study check for both DNA contamination and the
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presence of primer-dimers that could affect the assay. Results showed no amplification, a good
indication that both DNA contamination and primer-dimers are not a concern. DNA
contamination and primer-dimers are manifested in melt curves through no template controls,
and as extra peaks in melt curves of positive controls. Typically, the melt curve of a positive
control is expected to contain a single peak, unless AT-rich subdomains in the template cause
uneven melting. Double peaks could be predicted by simulating melting assays using the uMELT
software®’. In this study, the gold standard of running the PCR product on agarose gel was used
to confirm the presence of target PCR product and absence of contamination and primer-
dimers.

A considerable challenge in botanical material molecular analysis is obtaining good-quality DNA
following the botanical DNA extraction process. Botanical materials are traded and consumed
for the active chemical compounds that are associated with health benefits. In the process of
DNA extraction, these chemical compounds will also be released into the DNA extraction
solution, potentially causing PCR inhibition, thereby resulting in failures in PCR amplification.
Various plant DNA purification kits using organic solvents and columns have been developed to
remove chemical compounds derived from botanicals®®. However, fume hood and high-speed
centrifuge required to assist these kits are not available in the field.

In the current protocol, the simplified DNA extraction method uses a commercial plant DNA
extraction kit (see Table of Materials for details). It had the ability to neutralize common
inhibitory substances for reproducible results and produced consistent results for M.
chamomilla and C. nobile. Both M. chamomilla and C. nobile flower heads and leaves yielded
PCR amplicons with specific melt peaks, indicating that the presence of PCR inhibitors was not a
concern. For other plants with higher levels of PCR inhibitors, amplifying DNA in their original
extraction may be less efficient. To reduce inhibition and improve amplification efficiency, with
access to the whole plant, other plant parts with lower polysaccharide and polyphenol content
can also be used for identification purposes. If there is limited access to different plant parts,
younger leaves or petals dissected from flower heads, which typically have lower phenolic
content®, may offer a better chance of success. Since DNA sequences are consistent across the
whole plant, any plant part may be used to confirm species identity. If PCR amplification is still
suboptimal, the original DNA extract can be further diluted before PCR, or more sophisticated
laboratory purification protocols can be used.

Another challenge for PCR analysis is false positive results caused by DNA contamination, which
can negatively impact data interpretation. It is usually controlled by active housekeeping, using
dedicated equipment, and restricting work to designated areas. Using gPCR, all PCR analysis can
be accomplished in a closed system, which greatly reduces the chance of PCR amplicon
contamination in an environment that is not well controlled. Besides, environmental DNA
should also not show a false positive due to the specificity of the assay, according to a previous
validation study?.

There is room for improvement. In the protocol presented here, intercalating dye was used to
show target fragment amplification in real-time. The specificity of the method is further
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confirmed by the characteristic melting temperature, which is distinct between M. chamomilla
and C. nobile amplicons. Therefore, intercalating dye-based PCR can efficiently answer the
guestion “What is this plant species?” in the field. However, in addition to the need of
performing botanical identification on a single plant isolated from the field, in many
circumstances, botanical powders or extracts in the warehouse will also benefit from an on-site
rapid identity assessment. For these types of materials, additional questions may need to be
addressed, such as “What is in this material?”, “Does it contain the botanical species | am
looking for?”, “Does it contain adulterants | want to avoid?”, and “Is it substituted wholly or
partially by other botanical species that are harmful?”. Instead of using intercalating dye,
different gPCR probes can be designed to target amplicons from different botanicals in one
reaction system, while maintain high specificity and efficiency of the assay. Development of
probe-based gPCR and utilization of a portable qPCR system that offers multiple channel
detection can further extend the application of field testing as a fit-for-purpose assay to a
broader environment setting, such as botanical material warehouses and distribution centers to
answer more complicated questions. In addition, using multiple probes also allows the user to
include internal amplification in each reaction system, so that more information will be
available when PCR inhibition is suspected.

The protocol presented here has the following advantages compared to existing technologies
used for the same purpose. First, for traditional morphological and chemical identification
methods, the procedure and its results need to be conducted and interpreted by experts. gPCR-
based identification tests can be conducted by people with basic molecular biology training and
interpreted in a more standardized manner. Second, compared to qPCR-based species
identification and differentiation normally performed in the laboratory, the field identification
protocol using a portable instrument does not require instruments with a large footprint, such
as a high-speed centrifuge, DNA quality evaluation equipment, thermal cycler with fluorescence
detector, and a computer running a special software. Thus, DNA-based species identification
can be performed in any setting without delay. Third, searching for botanical materials is a task
that requires a global operation. With advancements in cloud services and artificial intelligence,
a portable device can potentially receive methods developed and validated by experts in the
laboratory, be operated by non-experts in remote areas, and produce objective certifications
from third parties. Therefore, this option is more compelling than ever with remote work
becoming the trend.

In summary, the protocol here demonstrated field identification of M. chamomilla using a
portable gPCR system. The successful application of this technique will generate highly accurate
results on botanical identification and help botanical manufacturers and suppliers qualify
botanical materials in a timely and cost-efficient manner.
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Table1

Stage
Constant Temperature

Amplification

Melting Curve

Click here to access/download;Table;Table 1. Thermocycling
conditions.xIsx

Cycle Temperature Time
1 95°C 60s
25 95°C 30s
60°C 30s

1 60°C Ramp 0.05°C/s

95°C


https://www.editorialmanager.com/jove/download.aspx?id=1245627&guid=0a93d966-082b-4e32-bf86-697e4292dc20&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1245627&guid=0a93d966-082b-4e32-bf86-697e4292dc20&scheme=1

Table2 Click here to access/download;Table;Table 2. Primer pairs.xlsx &

Assay Primer name Sequence 5'-3' Position Region
_ . ZL3 TCGTCGGTCGCAAGGATAAG Forward
Matricaria recutita ITS2
Zl4 TAAACTCAGCGGGTAGTCCC Reverse

. ZL11 TGTCGCACGTTGCTAGGAAGCA Forward
Chamaemelum nobile ITS2
7112 TCGAAGCGTCATCCTAAGACAAC Reverse
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Amplicon Size

102 bp

65 bp



Table3

Well position Well name

1

O 00 NO U b WN

=
o

GC_PosCtrl_GC_Test
GC_PosCtrl_RC_Test
RC_PosCtrl_GC_Test
RC_PosCtrl_RC_Test
Field_Sample_GC_Test
Field_Sample_RC_Test
Field_Sample_GC_Test
Field_Sample_RC_Test
NegCtrl_GC_Test
NegCtrl_RC_Test

Click here to access/download;Table;Table 3. Well types and
descriptions.xlsx
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Description

German chamomile positive control under GC Test
German chamomile positive control under RC Test
Roman chamomile positive control under GC Test
Roman chamomile positive control under RC Test
Sample of leaf tissue under GC Test

Sample of leaf tissue under RC Test

Sample of flower tissue under GC Test

Sample of flower tissue under RC Test

Negative control sample under GC Test

Negative control sample under RC Test



Table4

Reagent
Universal gPCR Mix*
ZL3 primer (10 uM)
ZL4 primer (10 uM)
ZL11 primer (10 pM)
ZL12 primer (10 pM)
H,O (Nuclease-free)
* contains Hot Start Taq DNA Polymerase

Click here to access/download;Table;Table 4. Master-mix
composition.xlsx

GC_Test RC_Test

10 pL 10 uL
0.4 uL NA
0.4 pL NA
NA 0.4 pL
NA 0.4 pL
7.2 uL 7.2 uL

L]
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Table5

Well Name

GC_PosCtrl_GC_Test
GC_PosCtrl_RC_Test
RC_PosCtrl_GC_Test
RC_PosCtrl_RC_Test
Field Sample_Leaf GC_Test
Field_Sample_Leaf RC_Test
Field_Sample_Flower GC_Test
Field_Sample_Flower_RC_Test
NegCtrl_GC_Test
NegCtrl_RC_Test

Click here to access/download;Table;Table 5. Rule for automatic
gPCR result interpretation.xlsx

Expected Result

Detected
Not Detected
Not Detected

Detected

Present
Absent
Present
Absent

Not Detected
Not Detected

*
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Positive Result Criteria

Detected / Present
Ct<25and 84 <=Tm <= 86

Ct<25and 79<=Tm<=81
Ct<25and 84 <=Tm <= 86

Ct<25and 84 <=Tm <= 86

Negative Result Criteria

Not Detected / Absent
No Ct value within 25 cycles
No Ct value within 25 cycles
No Ct value within 25 cycles
No Ct value within 25 cycles
No Ct value within 25 cycles
No Ct value within 25 cycles
No Ct value within 25 cycles
No Ct value within 25 cycles



Table of Materials Click here to access/download;Table of Materials;Table of Materials.xls %

Name of Material/ Equipment Company Catalog Number Comments/Description
Battery TNE 78000mAh Provide field power supply
bCUBE HYRIS bCUBE 2.0 Portable qPCR instrument
Cartridges(16 Well) HYRIS NA Consumables for bCUBE
Electric pipette Eppendorf NA Handling liquid
Extract-N-AmpT'vI plant PCR kit SIGMA XNAP2-1KT Plant DNA extraction kit
vile (Matricaria chamomilla L) flower botanical re ~ AHP 2264 Used as positive control
Mini dry bath Yooning MiniH-100L For DNA extraction
Nuclease-free water AMBION AM9937 gPCR reaction
Primer 10 Fisher Sci NA gPCR reaction

‘mile (Chamaemelum nobile) flower botancial refeilChromaDex ASB-00030806-005 Used as positive control
Luna universal gPCR master mix NEB M3003L gPCR reaction
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
Editorial comments.docx

Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please retain and use the attached
file for revision.

All edits are based on “"60940_R2.docx” downloaded from journal portal.
2. Please address all the specific comments marked in the manuscript.

All comments have been addressed. Please see the all changes in tracked version.

3. Since one of the authors is from the UK, please select I agree to UK ALA in the additional section page of
the submission site. This is important.

Agree to UK ALA has been selected.

4. Please check with your funding source regarding PMC deposition. We do not deposit articles into PubMed
Central on behalf of the authors. However, authors can self-deposit into PMC if required by their funding
source.

The project is not funded by NIH and there is no requirement for depositing into PubMed.

Video:
1. Please include the chapter title cards for the protocol section.

Additional title cards for the protocol section has been added.

2. Please correct the spelling of Labeled in the video. Please ensure American English is used throughout.

“Labelled” has been changed to “labeled”. Two places changed. We also reviewed and updated the video
narratives to ensure American English is used throughout.

3. Please bring down the volume of the narration.

The volume of narration has been brought down by 5 dB.

Once done please ensure that the video is ho more than 15 min in length. Please upload the video at:
https://www.dropbox.com/request/s3VnyKmX8RgPcP9eQ07A?oref=e.

The video is 12:07 mins long.
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Tricia Chua is a Sr. Director at Herbalife International of America, Inc.
Peter Chang

Peter Chang is a Vice President at Herbalife International of America, Inc.
Gary Swanson

Gary Swanson is a Sr. Vice President at Herbalife International of America, Inc.
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ltem 1. The Author elects to have the Materials
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@ Standard Access

Item 2: Please select one of the following items:
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be” made available (as ‘déscribed at

I:I Open Access

@The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

|:|The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEQ LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shali have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author whe is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthalogy or encyclopedia, in which the Materials in their
entirety in unmadified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, ficfionalization, motion picture version,
sound  recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE" means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and joVE;
“Video" means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or iis
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

612542.6

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in arder to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos hased on the Article. in
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the ful! term of capyright in the
Article, including any extensions thereto) license (a} to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (inciuding without limitation in print,
digital and electronic form) throughout the world, {b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Videc)
or Collective Works based on all ar any portion of the Article
and exercise all of the rights set forth in {a) above in such
transiations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license athers to do any
or all of the above. The foregaing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Authar hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
{CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.

Click here to access/download;Author License Agreement
(ALA);Signed_Author_License_Agreement_ZL.pdf
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of glving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s wehsite or the Author's personal website, in
each case provided that a link to the Article on the JoVE
wehsite is provided and notice of JaVE’s copyright in the
Article is Included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
ltem 1 abave. In consideration of JoVE agreeing te produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now ar at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE. S :

6. Grant of Rights in Video — Open Access. This
Section 6 appiies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeging
to produce, display ar otherwise assist with the Videa, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual {for the full term of
copyright in the Article, including any extensions thereto}
license (a} to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, {b) to translate the Videa into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based an all or
any portion of the Video and exercise all of the rights set
forth in {(a) above in such translations, adaptations,
summaries, extracts, Derivative Warks or Collective Works
and (¢) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Videc to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Auther is a United
States government emplayee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in [tem 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEQO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisians contained herein that are not in conflict with
such statute shall remain in full force and effect, and zll
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights parmissible within such statute.

8 Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s} name and on their behalf
if JovE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or ctherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waivas any and all
rights he or she may have, refating tc his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
aof this Agreement, by such authors collectively) and has not
heen assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the anly
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such authar has not
entered intc a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him cr her with
respect to the terms of this Agreement as if each of them
had keen a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
perfarmance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, haspital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accardance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, loVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.5051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Videc Llicense Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Auther or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indempification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless foVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
aliegations or instances of viclation of intellectual property
rights, damage to the Author's or the Author’s institution’s
facilities, fraud, libei, defamation, research, eguipmert,
experiments, property damage, personal injury, violations
of institutional, laboratery, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work tc
JoVE, making of videes hy JoVE, or publication in JoVE or
elsewhere by loVE. The Author shall be respansible for, and
shall held JoVE harmless from, damages caused by lack of
sterilization, lack of cleanlinass or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination ‘procedures shall be solely the
respansihility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. Ta cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decisicn, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a U5$1,200 fee to cover pre-praduction expenseas
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended untit payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
loVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall he
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electranic transmission shall be deemed 1o have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JloVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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