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Abstract
Mangrove flora and habitat have immeasurable importance in marine and coastal ecology as well as in the economy.
Despite their importance, they are constantly threatened by oil spill accidents and environmental contamination; therefore, it
is crucial to understand the changes in gene expression to better predict toxicity in these plants. Among the species of
Atlantic coast mangrove (Americas and Africa), Laguncularia racemosa, or white mangrove, is a conspicuous species. The
wide distribution of L. racemosa in areas where marine oil exploration is rapidly increasing make it a candidate mangrove
species model to uncover the impact of oil spills at the molecular level with the use of massive transcriptome sequencing.
However, for this purpose, the RNA extraction protocol should ensure low levels of contaminants and structure integrity. In
this study, eight RNA extraction methods were tested and analysed using downstream applications. The InviTrap Spin Plant
RNA Mini Kit performed best with regard to purity and integrity. Moreover, the obtained RNA was submitted to cDNA
synthesis and RT-PCR, successfully generating amplification products of the expected size. These results show the
applicability of the RNA obtained here for downstream methodologies, such as the construction of cDNA libraries for the
Illumina Hi-seq platform.
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Introduction
Mangrove forests are ecosystems of great
importance, not only from a biological perspective but
also economically and socially. Mangrove forests protect
human communities against sea erosion and storms
(Fosberg & Chapman, 1971; Dahdouh-Guebas et al.,
2005; Barbier et al., 2008; Das & Vincent, 2009). The
mangroves are also an essential habitat for a wide range
of terrestrial and sea species (Robertson & Duke, 1987;
Primavera, 1998; Kathiresan & Bingham, 2001; Luther &
Greenberg, 2009) and is a source and sink of many
nutrients and sediments for other marine habitats, such as
algal communities and coral reefs (Dorenbosch et al.,
2004; Duke et al., 2007). It constitutes the economic
support of many coastal regions, having great importance
in the fishery market (Costanza et al., 1997). Despite its
importance, this ecosystem is constantly affected by
anthropic degradation due to urbanisation, aquaculture
and wood exploitation for coal production (Polidoro et al.,
2010). Another increasing problem is the threat of oil
spills, which affect mangrove forests more than any other
environment (Hoff, 2010). To analyse the extent of stress
damage, transcriptomic analysis has emerged as a crucial
tool (Alkio et al., 2005; Öktem et al., 2008; Liu et al.,
2009; Chen et al., 2011).
The purification of RNA free of contaminants and of
high integrity is an essential step in gene expression
analysis methodologies. There is a wide range of
contaminants that may hamper the quality of RNA
extraction methods, especially when sampling from
extreme habitats. Mangrove flora are rich in phenolic and

secondary compounds, making RNA recovery a challenge
(Sahebi et al., 2013). Few studies have been succeeded in
purifying good quality RNA from mangrove species, such
as Avicennia germinans and Rhizophora mangle
(Gonzalez-Mendoza et al., 2008; Dassanayake et al., 2009;
Rubio-Piña &Zapata-Pérez, 2011; Sahebi et al., 2013).
The aim of this study is to evaluate the performance
of different methods of RNA isolation and purification in
leaves and roots of Laguncularia racemosa grown in a
greenhouse. RNA was extracted from plants grown under
controlled conditions and under stress caused by exposure
to oil. The extracted RNA will be used in the construction
of cDNA libraries and in the performance of RNA-Seq
experiments. This step is crucial for possible
transcriptomic studies in this species and facilitates the
elucidation of the expression profile of L. racemosa in
response to oil spills.
Materials and Methods
Plant and growth conditions: Laguncularia racemosa
propagules and mangrove sediment were collected in
February 2011 from the Restinga da Marambaia, Rio de
Janeiro, Brazil (23°3´27´´S 43°33´58´´W) (Fig. 1). The
propagules were sown in moist filter paper, and the
seedlings were planted directly in the collected sediment
and grown in a greenhouse. After seven months, the
plants were transferred to plastic pots (3 L) and grown for
a further seven months (Fig. 2A). The plants were
maintained under 50% natural sun light and at a
temperature range of 22.7 to 38.3°C.
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Fig. 1. Propagule harvest area. (A) Geographical outline of Rio de Janeiro with Restinga da Marambaia shown in detail (Google
Earth); (B) Photo of the harvest area; (C) harvested propagules.

Experimental conditions and treatments: For the oil
exposure, 185 mL of Marine Fuel 380 (MF-380) was
added to the pots (12 L m-2)– (Proffitt et al., 1995).
The marine fuel MF-380 is a mixture of diesel and
heavy fuel oil (Soares et al., 2006; Sodré et al., 2013).
Prior to oil application, ten holes were made in the
sediment with chopsticks to ensure oil penetration (Fig.
2B and 2C). After 12 hours, 48 hours and 17 days of
oil exposure, samples were collected from the roots and
leaves of plants watered with tap-water (control

samples – Fig. 2D) and plants exposed to MF-380
(tested samples – Fig. 2E). For each time point, three
biological samples were collected. Root samples were
composed of seven fragments from three distinct root
regions (Supplementary Fig. 1). Leaf samples were
composed of the third totally expanded leaf pair from
the shoot apex. After the harvest, the root fragments
were subjected to a series of washes and dried with a
paper towel. The leaves and root samples were snap
frozen in liquid N2 and stored at -80°C until use.
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Fig. 2. Plant growth and experimental conditions. (A) Plants in definitive vases in the greenhouse 14 months after harvest; (B) Holes
made in sediment to increase oil percolation; (C) Spilling oil on a vase plant; (D) Control plant and (E) Treated plant.
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Supplementary Fig. 1. Sample harvesting. From five plants per
treatment, the third totally expanded leaf pair was harvested.
The roots were visually separated into three distinct areas,
collecting an equal amount of material from each one. Each
collected fragment was 3 cm in length and 1.5 mm in diameter.

RNA extraction: The samples collected 12 hours after oil
exposure were ground to a fine powder using liquid
nitrogen and a mortar and pestle; 100 mg (or 200 mg for
one method) of the material were collected in 2 mL
centrifuge microtubes for RNA extraction, and the RNA
samples obtained from four different plants were mixed to
produce one sample. Eight different methods were tested
(Supplementary Table 1), including the InviTrap Spin Plant
RNA Mini kit with Lysis Solution RP (STRATEC
Molecular, Berlin, BE, Germany), RNeasy Plant Mini Kit
with buffer RLC (QIAGEN, Hilden, NW, Germany),
Agilent Plant RNA Isolation Mini Kit (Agilent
Technologies, Santa Clara, CA, USA), Plant RNA Reagent
(Invitrogen Corporation, Carlsbad, CA, USA) and TRIzol
Reagent (Life Technologies, Carlsbad, CA, USA) in
addition to three protocols adapted from previous studies
(Wang et al., 2007; Gonzalez-Mendoza et al., 2008; RubioPiña &Zapata-Pérez, 2011). For the commercial kits, the
procedures were performed according to the
recommendations of the manufacturer with 100 mg of
tissue. For the literature-established protocols, the
procedures were performed according to the authors'
original recommended methods (Wang et al., 2007;
Gonzalez-Mendoza et al., 2008). The Rubio-Piña and
Zapata-Pérez (2011) method was originally designed for
200 mg of starting material. The work surfaces were
cleaned with 0.1% SDS, the tips used were RNase-free and
were purchased from Axygen (Corning Life Sciences,
Union City, CA, USA), and the solutions were prepared
with autoclaved DEPC-treated water.
Analysis of RNA quality: RNA concentration and purity
were determined using a NanoDrop™ Spectrophotometer
ND-2000 (Thermo Scientific, Wilmington, DE, USA),
and the integrity of the RNA was also assessed by 1.2%
agarose gel electrophoresis and ethidium bromide
staining. Gel-running apparatus was treated with 0.1%
SDS and then washed with autoclaved DEPC-treated
water. In addition, the RNA integrity and concentration
were evaluated using an Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA).

Reverse transcription (RT) and polymerase chain
reaction (PCR): To evaluate the quality of the RNA
obtained using the InviTrap Spin Plant Mini Kit for
downstream applications, RNA was extracted from
samples collected after 12 h, 48 h and 17 days of oil
exposure. RNA samples obtained from three different
plants were mixed to produce a single compound sample
and were treated with DNase according to the
manufacturer´s protocol (TURBO DNA-free Kit,
Ambion-Life Technologies). cDNAs were synthesised
by Superscript III (Life Technologies, Carlsbad, CA,
USA) following the manufacturer’s instructions and
stored at -20°C. Polymerase chain reactions were
performed in microtubes with an Eppendorf Master
Cycler Personal thermocycler. Reaction mixtures
contained 5 μL of diluted cDNA (40 times), 0.2 μM of
each primer, 50 μM of each dNTP, 1× PCR Buffer, 3
mM MgCl2, and 0.25 units of Platinum Taq DNA
polymerase (Life Technologies, Carlsbad, CA, USA), in
a total volume of 25 μL. The synthesized cDNA was
used for PCR amplifications of ribulose-bisphosphate
carboxylase large chain (rbcl) and maturase (MatR)
which are sequences available on Mangrove
Transcriptome Database (http://mangrove.illinois.edu/
transcriptome); and more two genes we have cloned,
actin7 (ACT7), widely used as a reference gene (Jensen
et al., 2013), and heat shock protein 90.3 (Hsp90.3),
belong to a family know be responsive for almost all
stresses (Al-Whaibi, 2011) (Table 1). The cycling
program was as follows: initial denaturation at 94°C for
3 minutes; denaturation at 94°C for 30 seconds;
annealing of primers for 30 seconds and extension at
72°C for 45 seconds, which was done 28 times and with
an annealing temperature of 55°C for ACT7, 24 times
and 50°C for rbcl; 28 times and 50°C for MatR, 30 times
and 55°C for Hsp90.3; and an extension step of 5
minutes at 72°C. The expected lengths of the four
fragments were 246 bp (ACT7), 499 bp (rbcl), 260 bp
(MatR) and 548 (Hsp90.3). The PCR reactions were
conducted with total RNA samples as the template under
the same conditions to evaluate DNA contamination.
Results
RNA extraction from leaves and roots of Laguncularia
racemosa: In total, eight methods for RNA isolation were
tested in the four biological samples: control leaves,
control roots, treated leaves and treated roots. A
compilation of all assessed quality parameters is shown in
Table 2. The concentration and purity of the isolated RNA
was evaluated by spectrophotometry in the NanoDrop
2000 equipment .The InviTrap Spin Plant Mini Kit
produced yields ranging from 24.7 to 46.5 µg/g for leaves
and 66.8 to 102.6 µg/g for roots. The A260/280 ratios were
higher than 1.7, and the A260/230 ratios ranged from 0.8 to
1.84. The extraction with the RNeasy Plant Mini kit from
QIAGEN produced the lowest yields, ranging from 8.08
to 8.3 µg/g for leaves and 18.24 to 30.39 µg/g for roots.
The A260/280 ratio was higher than 1.17, and the A260/230
ratio was very low, ranging from 0.33 to 0.5. The Agilent
Kit performed poorly for leaves, yielding 4.5 to 9 µg/g for
leaves and 25 to 30 µg/g for roots.
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Table 2. Spectrophotometry analysis of RNA contaminants in the eight RNA isolation methods tested for leaves
and roots of L. racemosa. We present a representative median value of Nano Drop spectrophotometer
ratios and concentrations (µg/g tissue) for the eight tested methods.
InviTrap
Samples
Purity (260/280)
Purity (260/230)
Total yield (µg/g tissue)
Leaves
1.89
0.63
24.7
Roots
2.01
0.84
66.8
Leaves from Treated Plants
1.83
0.93
46.5
Roots from Treated Plants
1.42
0.80
102.6
RNeasy
Samples
Purity (260/280)
Purity (260/230)
Total yield (µg/g tissue)
Leaves
1.22
0.33
8.61
Roots
1.40
0.50
30.4
Leaves from Treated Plants
1.17
0.35
8.1
Roots from Treated Plants
1.37
0.40
18.2
Agilent
Samples
Purity (260/280)
Purity (260/230)
Total yield (µg/g tissue)
Leaves
1.52
0.60
4.5
Roots
1.60
0.57
25.0
Leaves from Treated Plants
1.37
0.51
9.0
Roots from Treated Plants
1.60
0.55
30.0
Plant RNA Reagent
Samples
Purity (260/280)
Purity (260/230)
Total yield (µg/g tissue)
Leaves
1.44
0.51
256.6
Roots
1.70
0.50
194.1
Leaves from Treated Plants
1.32
0.46
466.2
Roots from Treated Plants
1.53
0.60
191.5
TRIzol
Samples
Purity (260/280)
Purity (260/230)
Total yield (µg/g tissue)
Leaves
0.88
0.32
295.7
Roots
1.30
0.43
60.8
Leaves from Treated Plants
0.93
0.38
249.2
Roots from Treated Plants
1.35
0.45
148.0
Wang et al. (2007)
Samples
Purity (260/280)
Purity (260/230)
Total yield (µg/g tissue)
Leaves
1.66
0.87
12.6
Roots
1.61
0.68
6.6
Leaves from Treated Plants
1.42
0.78
19.7
Roots from Treated Plants
1.35
0.70
13.4
Gonzalez-Mendonza et al. (2008)
Samples
Purity (260/280)
Purity (260/230)
Total yield (µg/g tissue)
Leaves
1.13
0.50
30.0
Roots
1.29
0.47
40.0
Leaves from Treated Plants
1.18
0.57
20.0
Roots from Treated Plants
1.32
0.54
74.4
Rubio-Piña & Zapata-Pérez (2011)
Samples
Purity (260/280)
Purity (260/230)
Total yield (µg/g tissue)
Leaves
1.57
0.85
144.9
Roots
1.44
0.76
38.0
Leaves from Treated Plants
1.25
0.62
183.0
Roots from Treated Plants
1.43
0.59
40.6
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The A260/280 ratios were higher than 1.37, and the
A260/230 ratio was as low as that from the RNeasy
method, ranging from 0.51 to 0.6. Two ready-to-use
mixes were employed: Plant RNA Reagent and TRIzol.
For the Plant RNA Reagent, the yields were higher
compared to the on-column methods previously
described, ranging from 256.6 to 466.2 µg/g for leaves
and from 191.5 to 194.1 µg/g for roots. The mean
A260/280 ratios were higher than 1.32, but the A260/230
ratios were very low, ranging from 0.46 to 0.6. A similar
result was obtained with the TRIzol reagent: a high yield
for leaves (249.18 to 295.74 µg/g) and root samples
(60.75 to 147.99 µg/g). The A260/280 ratios were lower
than the Plant RNA Reagent, ranging from 0.88 to 1.35.
The A260/230 ratios were low, ranging from 0.32 to 0.45.
The protocol described in Wang et al. (2007) performed
poorly, yielding from 12.63 to 13.41 µg/g for leaves and
from 6.57 to 13.41 for roots. The ratios were higher than
1.35 (A260/280) and from 0.68 to 0.87 (A260/230). The
protocol described in Gonzalez-Mendoza et al. (2008)
yielded from 20 to 30 µg/g for leaves and from 40 to
74.4 µg/g for roots. The results of RNA contaminant
analyses were very similar between the leaf and root
samples; the A260/280 ratios were higher than 1.13, and
the A260/230 ratios ranged from 0.47 to 0.57. The protocol
of Rubio-Piña and Zapata-Pérez (2011) resulted in
higher yields (144.9 to 182.97 µg/g) for leaves and
37.98 to 40.62 µg/g for root samples. The A260/280 ratio
of the samples was higher than 1.25, and the A260/230
ratio of the samples ranged from 0.62 to 0.85. The RNA
integrity of the samples was evaluated using agarose gel
electrophoresis (Fig. 3). The InviTrap Kit samples and
the protocol of Rubio-Piña & Zapata-Pérez (2011)
generated well-defined bands compared to the other
methods. The InviTrap also showed better uniformity
across the different samples. When only the methods
that produced a better yield are evaluated, the DNA
contamination appears to be low in the samples purified
by the InviTrap method (Fig. 3A, D and H). The
integrity of the purified RNA was assessed using an
Agilent 2100 Bioanalyzer to calculate an RNA Integrity
Number (RIN), which is a score for the RNA quality.
From the eight tested protocols, only the on column
based InviTrap method achieved an RIN higher than 7 in
all samples tested, L, R, TL and TR (Table 3). The
principal outcome from the different protocols are
summarized at the Supplementary Table 1.
RNA quality analysed by semi-quantitative RT-PCR:
To assess the quality of the RNA extracted by the
InviTrap method, cDNA synthesis was performed, and
the products were used for RT-PCR. We selected the rbcl
and MatR genes from the Mangrove Database
(http://mangrove.illinois.edu/transcriptome) and isolated
the ACT7 and Hsp90.3 genes from a L. racemosa cDNA
library. The ACT7 gene is widely used as a housekeeping
gene (Muoki et al., 2012; Jensen et al., 2013) (Table 1,
Fig. 4) and showed in our conditions a similar expression
along the time (12, 48 hours and 17 days) among control
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and treated samples. For the MatR gene, there is an
induction of expression at 12 hours and at 17 days after
oil exposure. The Hsp90.3 and rbcl showed higher
expression at 12 hours after oil exposure, but at 48 hours
and at 17 days, no clear differences in expression were
observed between control and treated leaves. The rbcl
gene was induced in treated samples at 12 hours but this
patterns is inverted at 48 hours, rbcl was repressed in
treated samples compared to the control sample (Fig. 4).
The amplification of the ACT7 cDNA fragment from root
samples was also successful (data not shown).
Discussion
The study of gene expression in response to stress,
assessed by high-throughput sequencing, depends
ultimately on good quality RNA. The isolation of undegraded RNA that is free of contaminants may be a
difficult task for some biological samples. Recalcitrant
tissues that are resistant to the extraction buffers (Wang et
al., 2007) and persistent contaminants after cell lysis
(Farrell Jr, 2010) are some of the problems faced by
scientists working with RNA. Plant species or tissues with
high content of polysaccharides, polyphenols and
secondary metabolites result in RNA extractions with
poor yields and low integrity (RIN ratios below 7). The
RIN algorithm is supported by a selection of features that
contribute information about RNA integrity (Schroeder et
al., 2006). The manufacturer usually recommends an RIN
higher than 7 if the RNA will be the starting material for
high-throughput sequencing.
Mangroves are known to be species rich in
polyphenols and tannins (Kathiresan & Ravi, 1990; Ravi
& Kathiresan, 1990). In addition, there is accumulation of
low-molecular-weight organic solutes, such as sugars,
some amino acids, and quaternary ammonium
compounds, involved in the adaptation to abiotic stress
(Hibino et al., 2001). A range of compounds from
secondary metabolism has been identified in mangrove
plants:
taraxenolcareaborin
and
taraxerylcishydroxycinnamate in Rhizophora apiculata (Kokpol et
al., 1990), 2’-nitroethenl phenol in Sonneratia acida
(Bose et al., 1992), alkanes and triterpenoids in
Rhizophora species (Dodd et al., 1995) and iridoid
glycosides in leaves of Avicennia officinalis and A.
germinans (Fauvel et al., 1995; Sharma &Garg, 1996).
Such compounds that are common in mangrove flora may
cause problems in several steps of RNA extraction and in
downstream applications, including poor extraction
yields, RNA degradation during storage and interference
in cDNA synthesis or other downstream methodologies.
Therefore, the definition of a reliable RNA extraction
method should be considered a high priority for mangrove
species. A number of protocols have been used to isolate
RNA from different plant tissues and mangrove species
(Fu et al., 2004; Nguyen et al., 2006; Ganesan et al.,
2008; Miyama &Tada, 2008; Yamanaka et al., 2009;
Kavitha et al., 2010; Sahebi et al., 2013), but some of
them are time consuming, and the purity of the extracted
RNA is not appropriate for downstream applications such
as RT-PCR or cDNA library construction.
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Fig. 3. Visualization of the RNA profiles from eight different extraction methods. (A) InviTrap Spin Plant Mini Kit (STRATEC
Molecular, Berlin, BE, Germany), (B) RNeasy Plant Mini Kit (QIAGEN, Hilden, NW, Germany), (C) Plant RNA Isolation Mini Kit
(Agilent Technologies, Santa Clara, CA, USA), (D) Plant RNA Reagent (Invitrogen Corporation, Carlsbad, CA, USA), (E) TRIzol
Reagent (Life Technologies, Carlsbad, CA, USA), (F) Wang et al. (2007), (G) Gonzalez-Mendoza et al. (2008), and (H) Rubio-Piña
and Zapata-Pérez (2011). L. racemosa samples: 1-leaves, 2-roots, 3-leaves from treated plants and 4-roots from treated plants. The 1.2
% agarose gel was stained with ethidium bromide

The eight methodologies tested in this study are
very diverse. We divided them into three groups
according to their main differences: column-based RNA
purification (InviTrap Spin Plant Mini Kit, RNeasy Plant
Mini kit and Agilent Plant RNA Isolation Mini Kit),
ready-to-use mixes (TRIzol and RNA Plant Reagent)
and phenol–chloroform extraction in-house protocols
previously employed for mangrove and wood species
(Wang et al., 2007; Gonzalez-Mendoza et al., 2008;

Rubio-Piña &Zapata-Pérez, 2011). The column-based
RNA purification kits are easy and fast, but are costly.
In contrast, ready-to-use mixes and phenol–chloroform
extraction are cheaper but more laborious and timeconsuming. However, as shown here, one does not
necessarily have the choice, because of the eight
methods tested, only one was satisfactory.
In our hands, the InviTrap Spin Plant Mini Kit
generated the best results, based on the uniformity of the
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tested indicates that MatR, Hsp90 and rbcl are induced
after 12 hours of oil exposition. MatR is the only
maturase-related ORF retained in the mtDNAs in
angiosperms, it is highly conserved and is represented
within all angiosperm lineages and is therefore
expected to be essential for mitochondrial group II
introns splicing (Schmitz-Linneweber et al., 2015). Up
to now there is no direct evidence that MatR gene
could be regulated by stresses. Among these genes
tested, only Hsp90.3 has previously characterized in
the response to abiotic stresses (Swindell et al., 2007).
In Arabidopsis and other plant species, heat (Moon et
al., 2014), low temperature (Bao et al., 2014), salinity
(Faralli et al., 2015), drought (Yan et al., 2012) and
heavy metals stress (Song et al., 2012) trigger
expression of Hsp90. Our results indicate that rbcl
expression increased in leaves by 12 hours. However,
after 48 hours, the mRNA levels are lower than the
control samples (Fig. 4). The increase in the amount of
RuBisco can be beneficial for the survival of plants
under harsh environmental conditions, because a
positive relationship of leaf RuBisCo contents and net
photosynthetic rate has been reported in most C3 plants
(Makino, 2011). However, a decrease in RuBisCo
expression has been reported in plants under conditions
of heat stress and high ozone levels (Pelloux et al.,
2001; Vu et al., 2001). Moreover, the decrease in the
activity of RuBisCo, assayed based on enzyme activity
or concentration changes, has been described for a
range of stresses (Galmes et al., 2013).
The results described here will make it possible to
evaluate differential expression at the genomic level in
L. racemosa. Such studies will enable a precise
understanding of L.
racemosa
transcriptome
remodelling after oil exposure. To this end, we have
already constructed full-length cDNA libraries with
RNA isolated using the Invisorb method. Our
preliminary analysis of the RNA-Seq results showed
that we were successful in library construction and
sequencing. Our analysis will provide breakthroughs
and insights into mangrove physiology and the effects
of oil spills on gene expression, leading to a better
understanding of this vital habitat and the development
of improved conservation strategies.

yields, the purity ratio values and RNA integrity. This
spin column-based method generated the best values for
the A260/280 (protein contamination) and A260/230
(carbohydrate and phenol contamination) ratios (Table 2).
The InviTrap RP lysis buffer composition is not available
from Startec Molecular company. Although, the user
manual mentioned that the RP buffer is adapted to plant
material with high phenol content and it does not contain
guanidine (iso)thiocyanate what may cause solidification
of the sample depending on the content and type of
secondary metabolites in some plant materials. Among
the other column-based RNA purification methods, only
the RNAeasy method does not contain guanidine
(iso)thiocynate in the extraction buffer. Although, it
employs guanidine thiocyanate in the further step (RW1
buffer) (Supplementary Table 1). Therefore, this
difference may account for part of the differences
observed in integrity, purity and yields of total RNA
between InviTrap and the other methods. The Plant RNA
Isolation Mini Kit did not fulfil the recommended
absorbance ratios. In addition, the yields of RNA from
leaves were low. RNA isolation with the TRIzol and Plant
RNA Reagent methods, both commercial reagents,
resulted in contamination and degradation, respectively,
of the samples. Therefore, we concluded that these
methods are unsuitable for obtaining high-quality RNA
from L. racemosa. It is well known that the
cetyltrimethylammonium
bromide
(CTAB)-based
methods are recommended for tissues with high
polysaccharide, secondary metabolite content (Gasic et
al., 2004; Yin et al., 2011; Muoki et al., 2012). However,
the in-house methods used in this work that are based on
CTAB, Wang et al. (2007) and Rubio-Piña & ZapataPérez (2011), did not performed well in L. racemosa as
expected. In our hands, Rubio-Piña and Zapata-Pérez
(2011) method performed better than with Wang et al.
(2007) (Table 2), but the purity and RIN values were very
low (Fig. 3, Table 3). In addition, Gonzalez-Mendoza et
al. (2008), based on SDS instead of CTAB, showed the
betters results in terms of integrity RNA (Fig. 3).
The InviTrap RNA quality confirmation based on
the RT-PCR of ACT7, MatR, rbcl and Hsp90.3
suggests that the obtained RNA may be used for
subsequent studies. The expression profile of the genes

Table 3. RNA integrity number (RIN) assayed by Bioanalyzer. We present representative values of RIN assayed
using an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) for the 8 tested methods
and 4 samples: leaves (L), roots (R), leaves from treated plants (TL) and roots from treated plants (TR).
InviTrap Spin Plant Mini Kit (STRATEC)
RNeasy Plant Mini Kit (QIAGEN)
Plant RNA Isolation Mini Kit (Agilent)
Plant RNA Reagent (Invitrogen)
TRIzol Reagent (Life Technologies)
Wang et al. (2007)
Gonzalez-Mendoza et al. (2008)
Rubio-Piña & Zapata-Pérez (2011)

L

R

TL

TR

7.7
6.3
N/A
6.4
N/A
6.8
2.2
5

7.4
6.7
N/A
N/A
N/A
5.6

8.5
7.4
2.6
N/A
2.4

8.2
N/A
N/A
N/A
2.4
2.4
6.2
1.3

7.6
1

7.5
2.1
1.2
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Fig. 4. RT-PCR analysis with L. racemosa cDNA derived from total RNA from the InviTrap method. Amplification of ACT7 (246
bp), MatR (260 bp), rbcl (499 bp) and Hsp90.3 (548 bp) from leaves (L) and leaves from treated plants (TL) collected 12 hours, 48
hours and 17 days after oil treatment. The 1.2% agarose gel was stained with ethidium bromide.
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