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Abstract
Plastids are plant speci�c semiautonomous organelles, which differentiate to perform many cardinal
functions including photosynthesis, energy generation, development, stress perception and response,
storage, �owering, and fruit ripening. Additionally, plastids are of immense nutritional value to humans,
underscoring the need to develop reliable assays to determine the plastid content of plant based
products. Studies have shown that the number of plastids present in various plant organs is regulated by
both internal and external factors, however determination of plastid number is time consuming and
requires sophisticated instruments. Interestingly, studies have shown that the plastome number, small
circular DNA molecules present in the plastids is also regulated by both internal and external stimuli and
therefore can be potentially used to estimate the plastid content in a plant organ. This study hypothesizes
that plastome copy number, determined by real-time quantitative polymerase chain reaction (qPCR) in
different plant samples can be used as a plant biomarker and biosensor. Samples of cotton seed (CS),
leaf (CL) and lint (Clt) and seeds of rice (RS), soybean (SS), maize (MS) and sesame (SeS) were obtained
over a period of two years, their plastome copy number was determined by the Ct values obtained using
real-time qPCR assays using chloroplast tRNA speci�c primers. Regression analysis was performed to
ensure reliability of the real-time qPCR data. Subsequent, data analysis revealed that the mean log
plastome copy number showed a statistically signi�cant difference for the plant species including seeds
of cotton, soybean, maize, and sesame suggesting that the log plastome copy number is plant species
speci�c and therefore can be used as a biomarker. Furthermore, evidence in support of the use plastids as
biosensors was obtained by calculating the range of log plastome copy number, where range represents
the difference between lowest and highest log copy number values. A low range value indicated that the
log copy values do not deviate from the mean copy number value, suggesting that the samples have
encountered consistent and similar internal and external factors during growth and post-harvest storage
and processing, Whereas, high range values indicated large deviations from mean copy value suggesting
that the samples have encountered changing internal and external conditions. These conclusions are
supported by observation of low range for all the seed samples including CR (0.31), CS (0.58), RP (0.05),
SeS (0.31), seeds have a protective coat to withstand variations in environmental conditions. Whereas,
observation of high range values for CL (4.11), Clt (3.63), and RS (3.09) could be explained by different
developmental stage of CL samples, different post-harvest conditions for Clt samples and broken RS
samples. In conclusion, the study present preliminary data in support of use of plastome copy number as
a plant biomarker and biosensor.

Key Message
The study proposes that the range of log plastome copy number, which represents the difference between
highest and lowest log copy number can be used as a biomarker for plant species determination and as a
biosensor of environmental conditions encountered by plants during growth and post-harvest processing
to assess quality of plant based products.
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Introduction
Plastids are semi-autonomous organelles distinguishing plant cells from other eukaryotic cells, acquired
by endosymbiosis of an early photosynthetic prokaryote by a primitive eukaryotic cell (Gray 1992).
Although, Plastids such as chloroplast perform the critical function of carbon �xation and energy
generation through photosynthesis, parts of metabolic pathways such as lipid biosynthesis and amino
acid metabolism also occur in plastids (Galili 1995; Ohlrogge and Browse 1995). Other members of the
plastid family play pivotal roles in starch and oil storage, fruit and �ower coloration, gravitropism,
stomatal functioning, and environmental perception (Rolland et al. 2018). Just like mitochondria, plastids
are maternally inherited in Angiosperms and are derived initially from small, undifferentiated proplastids
found in meristematic cells, which differentiate into plastid subtypes depending on the cell type.
Biogenesis of plastids such as chloroplast in leaves, amyloplasts in seeds, and chromoplast in fruits and
�owers have been reviewed previously (Marano et al. 1993; Thompson and Whatley 1980; Pyke and Page
1998). Developmental processes such as seed germination, �owering, and ripening involve differentiation
of plastids, whereas senescence involves degradation of plastids (Waters and Pyke 2005).

Plastid biogenesis and differentiation has been shown to be associated with plant development and
environmental stress (Jarvis and López-Juez 2013). Sensory plastids localized to the epidermis and
vascular parenchyma have been shown to be involved in sensing of environmental stress and regulate
gene expression and epigenetic circuits (Beltran et al. 2018). It has also been shown that stressed
chloroplasts induce post-translational mechanisms, including autophagy that allows individual
chloroplast to regulate their own degradation and turnover (Woodson 2019). Retrograde signaling
coordinates the expression of nuclear genes encoding organellar proteins with the metabolic and
developmental state of the organelle. The chloroplasts therefore act as sensors of environmental
changes and complex networks of plastid signals coordinate cellular activities and assist the cell during
plant stress responses (Fernandez and Strand 2008). Role of plastids in plant development and plant
stress is supported by involvement of plastids speci�cally chloroplast in biosynthesis of plant hormones
including abscisic acid (ABA), jasmonic acid (JA), ethylene (ET), salicylic acid (SA), which are known for
their role in plant growth and development and biotic and abiotic stresses. Chloroplast is also site for
reactive oxygen species (ROS) production, known for its role in pathogen killing, cell wall strengthening,
activating defense gene expression, production and signaling of phytohormones (Lu and Yao 2018).
Recently, it has been shown that high light intensity, Botrytis infection and senescence resulted in
reduction of size and number of chloroplast in the leaves of Arabidopsis (Zechmann 2019).

Amyloplasts and chromoplast are the most studied non-photosynthetic plastids because of their
relevance to nutritional qualities of major commodity crops. Amyloplast store starch present in roots
(cassava) and tubers (potato), seed endosperm (grain of cereal crops), involved in gravitropism (Su et al.
2017) and starch biosynthesis (Dupont 2008), whereas chromoplasts, rich in carotenoids, are important
component of pigments (Price et al. 1995).
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The plastid genome or plastome is 120–160 kbp of about 22 to 200 circular DNA copies with 100–120
highly conserved genes (Renner et al. 1934). During the course of evolution many genes were either
completely lost or transferred to the nucleus (Martin et al. 2002). Although, the plastome encodes for core
proteins of photosynthetic apparatus, retrograde signaling is necessary to regulate the organelle’s
proteome during establishment of photoautotrophy and �uctuating environmental conditions (Fernández
and Strand 2008; de Vries and Archibald 2018).

This study used real-time quantitative polymerase chain reaction (qPCR) for analyzing plastome copy
number of different plant organs including seed (with and without husk), leaf, and lint. The study
provides evidence that the range of log plastome copy number could be correlated to the plant species,
developmental stage and environmental conditions. Observations in cotton plant organs such as seed,
leaf, and lint shows that the plastome copy number is regulated developmentally and by various
environmental factors, whereas observation in seed samples of different plants supports the hypothesis
that plastome copy number is plant type speci�c. Based on our analysis we propose that the plastome
can be used as a biosensor and biomarker for determining quality of plant material and plant based
products.

Materials And Methods
Plant Material: Gossypium hirsutum L. -cotton (Event code: MON15985-7) and trade name of Bollgard II™
Cotton was acquired from The American Oil Chemists Society (AOCS) to serve as a control reference
material (CRM). MON15985-7 has been genetically modi�ed and contains cauli�ower mosaic virus 35S
(CaMV35S) promoter sequence. The CRM was used as positive control for GMO detection using
quantitative PCR assays using CaMV35S speci�c primers in seed material of different genotypes
including cotton, rice, soybean, maize, sesame, paddy, and cotton plant material such as lint, raw cotton,
and leaf as described previously (Eede et al. 2000). Chloroplast tRNA speci�c primers were used as
extraction control in all the GMO detection job orders received during 2015 and 2016 (Taberlet et al.
1991).

DNA Extraction: Three different protocol were used for extraction of DNA depending on the type of
material used based on the IS/ISO 21569 (Rea�rmed-2012) and IS/ISO 21570:2005 (Rea�rmed-2012).
CTAB Method A was used for matrices including processed food material. Cetrimonium bromide (CTAB)
Method B for �ber matrices, and Qiagen kit for plant tissues such as leaves, seeds, and stem.

Reagents required for CTAB Method (A and B)

CTAB extraction buffer [CTAB (20g/l), NaCl (1.4 M/l), Tris-Cl (0.1M/l), EDTA (0.2 M/l, pH 8.0], CTAB
precipitation buffer [CTAB (20g/l), NaCl (0.04 M/l)], NaCl solution (1.2 M/l), Proteinase K (20 mg/ml),
RNase A (10 mg/ml), PVP (360000D), TE buffer [Tris-Cl (0.01 M/l), Na2 EDTA (0.001 M/l), pH 8.0],
Chloroform, Isopropanol, 70% Ethanol, 10% SDS, Ammonium acetate (7.5 M/l).
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Extraction procedure for seeds: To 300 mg of homogenized leaves, seeds or grains added 1.5 ml of pre-
warmed (65°C) CTAB extraction buffer and vortex. Added α-amylase (rice seeds), RNase A, mixed gently,
and incubated at 65°C for 10 minutes. Subsequently, added Proteinase K and incubated at 65°C for 30
min., thereafter spun at 14000 rpm for 10 min. Collected the supernatant and added 1 volume of
chloroform and mixed thoroughly, followed by centrifugation at 14000 rpm, and collection of aqueous
phase. To this added 2 volumes of CTAB precipitation buffer and ammonium acetate solution (leaf
samples) and incubated at room temperature without agitation. After spinning at 14000 rpm discarded
the supernatant and dissolved the DNA pellet in NaCl and chloroform (1:1). Centrifuge at 14000 rpm for
10 min. and to the aqueous phase added 0.6 volume chilled isopropanol and incubated at room
temperature for 20 min. Subsequently it was spun at 14000 rpm for 15 min. and discarded the
supernatant, washed the pellet with 70% ethanol and suspended pellet in TE.

Extraction procedure for cotton lint: A 1.5 g of lint sample is homogenized in 25 ml of pre warmed (65°C)
CTAB extraction buffer in a mortar and pestle, avoid frothing. To the homogenate added RNase A
followed gentle mixing and incubation in a 65°C water bath for 30 minutes. Centrifuged the contents at
8000 rpm for 30 min. and transferred the supernatant to fresh tube and incubated at 65°C for 30 min.
after addition of Proteinase K. Added 1 volume of chloroform and mixed thoroughly followed by
centrifugation at 8000 rpm for 20 min. To the aqueous phase added 2 volumes of CTAB precipitation
buffer and ammonium acetate and incubated at room temperature for 60 min. to overnight without
agitation. After precipitation centrifuged the contents at 8000 rpm for 30 min. and dissolved DNA pellet in
NaCl solution and chloroform (1:1). Spun the content at 14000 rpm for 15 min. followed by transferring
the aqueous phase to a fresh tube. Added 0.6 volume of isopropanol and incubate at -20°C after mixing
for 30 min. Centrifuged at 14000 rpm for 15 min. and washed the pellet with 70% ethanol, centrifuged at
14000 rpm for 10 min., dried the pellet, and dissolved in TE.

Extraction procedure by kit method

Procedure followed to extract DNA was essentially as mentioned in the user manual of Qiagen DNeasy
Plant Mini Kit.

DNA quantitation

Shimadzu spectrophotometer with UV Probe software version 2.52 was used for assessment of DNA
quantity and quality OD260/OD280.

Reagents required for real time-qPCR assay

Premix Ex Taq master mix, SYBR Premix Ex Taq, primers and probes for CaMV35S promoter, and primers
for chloroplast gene SYBR green based (Table 1), ROX dye, sterile nuclease free water, Tris-EDTA (TE)
buffer.
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Real time-quantitative Polymerase Chain Reaction (Real time-qPCR): All the reagents are thawed, vortex
brie�y and centrifuged before use. A master mix contained SYBR Premix Ex Taq (2X), ROX dye (50X),
Primers (10 µM), DNA (20 ng), Sterile water. CRM material was used as positive control and negative
control had no DNA. Chloroplast tRNA primers were used as internal positive control (IPC) to demonstrate
DNA extraction had occurred successfully.

The master mix for GMO detection contained Premix Ex Taq master mix (2X), ROX dye (50X), forward and
reverse 35S primers, 35S probes (5 µM), DNA (20 ng), sterile water. CRM material was used as the
positive control and for negative control no DNA was added.

The real-time qPCR was performed under the following conditions in Applied Biosystem 7300; 2 min at
50°C, 10 min at 95°C (Denaturation), 15 sec at 95°C (Denaturation), 1 min at 60°C (Annealing and
Extension), 95°C /15 sec, 60°C /30 sec, 5°C / 15 min (Dissociation). Reverse and forward primers used for
chloroplast and CaMV35S promoter are as described previously (Taberlet et al. 1991; Eede et al. 2000).

Statistical analysis

All analysis were performed using excel function of students TTEST (type 2, tail 2). For calculating p
values same number of data points were used for each plant material.

Results
For plastome analysis using real-time qPCR technique, a gradient PCR was performed to determine the
optimum conditions for ampli�cation using chloroplast tRNA and CaMV35S promoter speci�c primers
(Table 1). Amplicons of approximately 600 bp and 80 bp were obtained for cotton and rice CRMs using
chloroplast tRNA and CaMV35S promoter speci�c primers, respectively (Fig. 1, CaMV35S data not
shown). Thereafter, the 600 bp amplicon was gel extracted and sequenced to con�rm the presence of
chloroplast tRNA gene sequence (Data Not Shown).

Standard curves were generated for real-time qPCR assays performed in cotton CRM using chloroplast
tRNA and CaMV35S promoter speci�c primers for determination of PCR e�ciencies, slope and intercept
(Fig. 2). For chloroplast tRNA speci�c primers an e�ciency of 127% was achieved and for 35S promoter
speci�c primers an e�ciency of 83% was achieved (Data Not Shown). R2 values of 0.99 and 0.98 were
observed for chloroplast and 35S promoter speci�c primers, respectively (Fig. 2A and Fig. 2B). Ct value
for 0.1 pg (100 femtogram) for chloroplast speci�c primers was 25.79, whereas 35S primers exhibited a
value of 37.54 (Fig. 2A and Fig. 2B). The Ct values for PCR blank i.e. without DNA was observed as
undetermined and 41.87 for chloroplast and 35S promoter speci�c primers, respectively (Data Not
Shown). A slope of -2.87 and − 3.84 and y intercept of 28.38 and 40.58 was observed for chloroplast and
35S promoter speci�c primers, respectively (Fig. 2A and 2B).

Chloroplast tRNA speci�c primers were used for performing real-time qPCR with DNA obtained from
different cotton plant organs including seed, leaves, lint and cotton raw, where raw cotton was composed
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of lint and seeds, cotton lint was primarily cotton �bers, and cotton leaves were green in color and of
different sizes. The Ct values for cotton seed and raw cotton were observed at the mean of 13.45 and
13.61, respectively (Fig. 3). Whereas, the Ct values for cotton leaf were in the range of 8.7 to 23.7 and
cotton lint ranged from 11.25 to 25.3 (Fig. 3). However, for cotton leaf majority of samples exhibited Ct
values around 13.0, similar to cotton seed and cotton raw. All samples showed statistically signi�cant p
values calculated by TTEST when compared to cotton seed samples (Fig. 3). The statistical signi�cance
increased in the following order; cotton raw, cotton leaf and cotton lint (Fig. 3).

For comparing the plastome copy number of various seed samples including cotton, soybean, maize,
sesame and rice, real-time qPCR was performed with equivalent amount of DNA. TTEST was performed
to compare Ct values of all the seed samples to cotton seed samples, excluding rice paddy, which was
compared to rice seeds. An increasing statistically signi�cant difference was observed in the following
order; sesame, soybean and rice (Fig. 4). However, no statistically signi�cant difference was observed
between cotton and maize (Fig. 4). It was also observed that rice and maize seed samples exhibited Ct
values ranging from 13.5 to 25.4 and 10.2 to 15.8, respectively (Fig. 4). Whereas, rice paddy showed a
mean Ct value of 13.51 (Fig. 4). The mean Ct values observed for different seed samples were as follows;
Cotton (13.5), Rice (17.1), Soybean (22.7), Maize (13.8), Sesame (9.7), and rice paddy (13.5) (Data Not
Shown).

The log plastome copy number was determined using Ct, slope and intercept values obtained from the
standard curve of real-time qPCR performed with chloroplast speci�c primers. The log plastome copy
number values were compared to cotton seed excluding rice paddy, which was compared to rice seeds.
Based on the TTEST analysis, a signi�cant difference was observed between the log plastome copy
numbers of different plant materials, excluding cotton seed and cotton raw, where cotton raw samples
were observed to contain both cotton seed and cotton lint (Fig. 5A). Moreover, the range of plastome copy
number, calculated as a difference between highest and lowest log plastome copy number values, was
observed to be highest for cotton leaf followed by cotton lint and rice seed, whereas the observed range
was narrow for cotton seed, cotton raw, sesame seed and rice paddy (Fig. 5B). Intermediate range of log
plastome copy number was observed for soybean and maize seed samples (Fig. 5B). The calculated
mean log copy number was different for all the plant materials studied (Fig. 5B).

Discussion
Chloroplast, a subtype of plastid, performs the crucial function of photosynthesis in green algae and
majority of plants, excluding insectivorous plants. However, during the course of evolution, in higher
plants, plastids have differentiated to perform diverse functions including stress perception and response,
�owering, fruit ripening, endosperm development and root gravitropism (Waters and Pyke 2004; Beltran et
al. 2018; Rolland et al. 2018). Besides having nutritional value, plastids have found application in the �eld
of synthetic biology, where plastids are used for metabolic engineering, because incorporating foreign
genes into the plastome results in a high-level foreign protein expression due to absence of gene
silencing (Jensen and Scharff 2019). Studies have shown that the plastid number and subtype in a plant
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species depends on the cell-type and environmental factors such as light, temperature, and nutrition
(Solymosi et al. 2018; Sadali et al. 2019). Therefore, previously plastome has been used as a biomarker
for plant species/variety identi�cation (Zhitao et al. 2017). Interestingly, research has also shown that the
environmental factors and developmental stage can affect the plastome copy number (Sakamoto and
Takami 2018; Oldenburg and Bendich 2015; Greiner et al. 2020). Therefore, this study investigated
existence of correlation between plastome copy number and the plant species and the environmental
conditions encountered by plant material during growth or post-harvest processing by studying plant
material samples acquired during a period of 2 years. Based on data analysis this study hypothesizes
that the plastome copy number can be used as an indicator or biomarker of plant species and biosensor
of biotic and abiotic conditions encountered by plant material.

Plastids can be studied by isolating intact plastids via centrifugation of cell homogenates and
�uorescent microcopy in plant tissue, however to study plastome copy number, real-time qPCR technique
has been adopted (Mi�in and Beevers, 1974; Sakamoto and Takami, 2018; Greiner et al. 2020). A real-
time qPCR technique is different from conventional PCR, where the later detects the amplicon in an end-
point analysis and the former detects amplicon as the reaction progresses i.e. amplicon is quanti�ed
after each ampli�cation cycle. The main advantage of real-time qPCR over conventional PCR is that
former allows determination of the initial copy number of template DNA.

This study used real-time qPCR assays for determining the plastome copy number in cotton, rice, maize,
soybean and sesame seeds, which are important �ber, oil and food crops. Plastome copy number for
different plant materials was studied by amplifying an approximately 600 bp amplicon using chloroplast
tRNA speci�c primers and con�rmed by sequencing (Fig. 1, Sequencing Data Not Shown). An important
characteristic distinguishing the plastome from the nuclear genome is its high copy number per organelle
and cell. This study shows that real-time qPCR can be used for differentiating nuclear DNA from the
chloroplast DNA, based on the Ct values. A higher Ct value for CaMV 35S promoter speci�c primers was
observed, when compared to Ct values for chloroplast speci�c primers, at the lowest DNA concentration
used (Fig. 1A and 1B). Gossypium hirsutum L. (MON15985-7), a tetraploid with 26 chromosomes is a
genetically modi�ed cotton with CaMV35S promoter integrated into the nuclear DNA. While a cell has a
single nucleus, there are more than one plastid and each plastid contains many circular DNA molecules
(Martin et al. 2012). This study provides evidence supporting the presence of many plastids in a cell, by
observation of lower Ct values and higher copy number (0.9 log value) for chloroplast speci�c primers,
compared to higher Ct values and lower copy number (0.79 log value) for CaMV35S promoter speci�c
primers (Fig. 1A and 1B, copy number data not shown). Although, the observed plastome copy number
was higher for chloroplast, the log value difference might have been greater between nuclear and
chloroplast DNA if the size of the amplicon for chloroplast (600 bp) and CaMV35S promoter (80 bp) has
been more comparable. The consistency of the technique and reliability of the data obtained is supported
by generating standard curves, which exhibited e�ciencies of 127% and 83% and R2 values of 0.99 and
0.98 for chloroplast and CaMV35S speci�c primers, respectively (Fig. 1A and 1B). E�ciency of real-time
qPCR re�ects that with each cycle DNA is doubled and R2 value exhibits existence of a good correlation
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between the x and y axis values meaning that if either one of the value (x or y) is known the other can be
correctly calculated by the linear equation (Fig. 1A and 1B). Based on these observations the data
obtained over a period of two years for various plant materials was analyzed to establish possibility of
existence of a correlation between plastome copy number and plant species and the environmental
conditions encountered by the plant materials.

Analysis of the Ct values for cotton seed (13.45) and cotton raw (13.61) revealed little deviations from the
mean values, moreover the observed log plastome copy number for cotton seed (3.85) and cotton raw
(3.81) did not show a statistically signi�cant difference indicating that the plastome copy number in seed
containing samples of cotton is tightly regulated (Fig. 3), probably because seeds are vehicles for plant
propagation, ensuring continuation of species and transmission of genetic information. Additionally, the
plastome copy number in cotton seed (3.85) and cotton raw (3.81) exhibited a narrow range of log
plastome copy number; 0.58 and 0.31, respectively and absence of statistically signi�cant log variation
(Fig. 5A and 5B). Previous studies have shown that the plastome copy number is regulated during
development and DNA damage in seeds has been linked to storage under non-ambient conditions
(Zoschke et al. 2007; Waterworth et al. 2019), therefore these results might suggest that cotton seeds
encountered consistent and ambient environmental conditions during development and post-harvest
processing and storage.

Comparison of the mean log plastome copy number values for different seed samples including cotton
(3.85), rice (2.9), soybean (1.96), maize (5.05) and sesame (6.49) exhibited statistically signi�cant
differences, suggesting that the plastome copy number is plant species speci�c (Fig. 5B). This study
shows that the seeds used for producing oil such as maize and sesame exhibited higher mean log
plastome copy number values, further supporting the hypothesis that plastome copy number can be used
as a biomarker for determining plant species. These results can be supported by previous studies where
the plastid number and type has been shown to be regulated and is plant speci�c and de novo fatty acid
synthesis takes place in plastids (Borisjuk et al. 2005; Solymosi et al. 2018.). The Ct values for various
seed samples also exhibited statistically signi�cant differences when compared to cotton seeds, except
for maize seeds (Fig. 4). However, subsequent comparison of the mean and range of log plastome copy
number values for cotton (3.85, 0.58) and maize (5.05, 1.94) seeds indicated their different origins
(Fig. 5A and Fig. 5B). Observation of greater range of plastome copy number in maize can be explained
by either presence of different variety of maize seeds in the samples or exposure to varying
environmental conditions either during development or post-harvest processing. The former explanation
is ruled out as all the maize seed samples were phenotypically similar looking.

The hypothesis that plastome copy number can be used as a biomarker and biosensor is further
supported by observation of Ct values, which showed positive deviation from the mean and wide range of
plastome copy number (3.09) for rice (21samples) (Fig. 4 and Fig. 5), where the rice samples contained
mixture of different colored seeds and broken seed (Data Not Shown). Whereas, samples of rice paddy
(rice seeds covered with husk), husk is leafy part and might contain chloroplast or gerontoplast, exhibited
lower Ct values when compared to rice seeds without husk and higher log plastome copy number similar
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to cotton seeds (Fig. 4 and Fig. 5). Based on these observations it can be speculated that dehusked rice is
either exposed to different environmental conditions after harvest or is mixture of different varieties,
which ultimately affects plastid number (Waterworth et al. 2019).

Finally, no statistically signi�cant difference was observed between Ct values when cotton seed samples
processed in the �rst year were compared to the cotton seed samples processed in the subsequent year
(Data Not Shown), providing support for using real-time qPCR as a highly sensitive technique to
differentiate various seed materials and conditions encountered by plant material, based on mean and
range of log plastome copy number.

Our hypothesis that plastome copy number can be used as a biosensor of environmental conditions
encountered by plant materials is supported by observation of Ct values showing deviation (both positive
and negative) from mean Ct value (13.0) and greater range (4.11) observed for cotton leaf samples
(Fig. 3). A greater range for cotton leaves as opposed to cotton seeds could be due to different
developmental stages of leaves regulated by internal (cell type, phytohormones) and external stimuli
(light, temperature) (López-Juez 2007; Grigorova et al. 2012), which supports our hypothesis that range of
plastome copy number can be used as a biosensor. Similarly, observation of greater deviation from mean
Ct value (16.05) and range of plastome copy number (3.63) for cotton lint (Figs. 3 and 5), which is a
single-celled trichome and an extension of the epidermal cell of the ovule, indicating variation in
developmental stage or environmental conditions encountered by lint post-harvest (Kawano et al. 1989).
Our observations and analysis is supported by previous studies that have shown that plastome of plants
is affected by various abiotic and biotic factors (Baumgartner et al. 1989; Zachman 2019; Figlioli et al.
2019).

Conclusion
Based on data analysis, it can be concluded that real-time qPCR assay can be used for determining the
plastome copy number, subsequently, the mean and range of log plastome copy number can be used as
biomarker for plant species determination and biosensor for various abiotic and biotic conditions that a
particular plant has encountered during growth and development and post-harvest storage and
processing. This method can possibly be translated into industrial application for determining the quality
of commercially available oil seeds, herbs (parsley, tea, coffee), carotenoid rich eggs and cereals to name
a few plant-based food product. This study further proposes use of real-time qPCR in metabolic
engineering for determining the copy number of transgene and regulating conditions required for
maintaining optimum plastome copy number and plastid number in a plant organs for optimum
production of valuable metabolites and proteins. Additionally, with increased global usage of GMO plants
and tissue culture grown plants, plastome copy number can serve as a reliable indicator of the conditions
maintained for generating such plants. However, this is a preliminary study and in future experiments
need to be conducted to study effect of developmental stage and external factors on the plastome copy
number.
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Figures

Figure 1

Agarose gel electrophoresis of chloroplast amplicon: 1ng of rice and cotton genomic DNA each was used
for polymerase chain reaction (PCR). The ampli�ed products were size separated by agarose gel
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electrophoresis (0.8%). Amplicons were observed for both cotton (lane 1) and rice (lane 2), a 1 kb DNA
ladder (lane L) was used for size determination.

Figure 2

Standard curves for chloroplast tRNA and CaMV 35S promoter for cotton reference material: Five log
DNA concemtrations corresponding to 0.1 picogram (pg) (-1 log), 1 pg (0 log), 10 pg (1 log), 100 pg (2
log), and 1000 pg (3 log) were used for generation of the standard curves. (A) Standard curve for
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chloroplast tRNA showing a slope of -2.871 and a y intercept of 28.285. (B) Standard curve for CaMV 35S
promoter showing a slope of -3.844 and a y intercept value of 40.582. Real-time qPCR assays were
performed in Applied Biosystem 7300 under following conditions; 2 min at 50°C, 10 min at 95°C
(Denaturation), 15 sec at 95°C (Denaturation), 1 min at 60°C (Annealing and Extension), for a total of 45
cycles. SYBR green was used as dye for detection of chloroplast amplicons and 35S FAM probe was
used for 35S promoter (Table 1). Regression analysis was performed to determine the reliability of
method and PCR e�ciencies were calculated as follows: 10(-1/slope)*100.

Figure 3

please see the manuscript �le for the full caption
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Figure 4

please see the manuscript �le for the full caption
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Figure 5

please see the manuscript �le for the full caption


