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ABSTRACT. Isolating RNA from insects is becoming increasingly important in molecular entomology. Four methods including three
commercial kits RNeasy Mini Kit (Qiagen), SV Total RNA isolation system (Promega), TRIzol reagent (Invitrogen), and a cetyl trimethylam-
monium bromide (CTAB)-based method were compared regarding their ability to isolate RNA from whole-body larvae of Thaumatotibia

leucotreta (Meyrick), Thanatophilus micans (F.), Plutella xylostella (L.), and Tenebrio molitor (L.). A difference was observed among the four
methods regarding RNA quality but not quantity. However, RNA quality and quantity obtained was not dependent on the insect species.
The CTAB-based method produced low-quality RNA and the Trizol reagent produced partially degraded RNA, whereas the RNeasy Mini Kit
and SV Total RNA isolation system produced RNA of consistently high quality. However, after reverse transcription to cDNA, RNA produced
using all four extraction methods could be used to successfully amplify a 708 bp fragment of the cytochrome oxidase I gene. Of the four
methods, the SV Total RNA isolation system showed the least amount of DNA contamination with the highest RNA integrity number and is
thus recommended for stringent applications where high-quality RNA is required. This is the first comparison of RNA isolation methods
among different insect species and the first to compare RNA isolation methods in insects in the last 20 years.
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Isolating RNA from insects is becoming increasingly important as a
growing number of molecular biology applications rely on using RNA
rather than DNA, demonstrated, e.g., by Baton et al. (2008), Götz et al.
(2012), Wu et al. (2013), and Zhang et al. (2013). Currently, limited re-
search is available on RNA isolation methods from insects. The only
published research comparing RNA isolation methods in insects is
demonstrated by Noriega and Wells (1993), where three different RNA
isolation protocols were compared. However, as molecular entomology
has advanced substantially in the last 20 years, these methods may not
be suitable for stringent RNA applications. In addition, isolation meth-
ods that have since been developed may produce RNA of a higher
quality.

Different RNA isolation methods often produce RNA of varying
quantity and quality, which may depend on the type of tissue used.
Isolating RNA from tissue requires separation of the nucleotides from
secondary metabolites such as polyphenolics, etheric oils, carbohy-
drates, and lignins; which differ according to tissue composition (Dong
and Dunstan 1996). It is therefore vital that the optimal RNA isolation
method is selected according to the type of tissue used to provide RNA
of a suitably high quantity and quality for the selected downstream
application.

Currently, insect gene expression studies such as those performed
by Gatehouse et al. (2009), Xie et al. (2012), and Ogaugwu and
Wimmer (2013) appear to be focussed mainly on agriculturally impor-
tant insects. Thus, for this study three agriculturally important insect
pests were chosen for comparison: the false codling moth
Thaumatotibia leucotreta (Meyrick, 1913) (Lepidoptera: Tortricidae),
diamondback moth Plutella xylostella (Linnaeus, 1767) (Lepidoptera:
Plutellidae), and mealworm Tenebrio molitor (Linnaeus, 1758)
(Coleoptera: Tenebrionidae), as they are particularly damaging to both
the commercial and subsistence agriculture sectors in South Africa
(Talekar and Shelton 1993, Li and Bouwer 2012, Oppert et al. 2012). In
addition, the forensically important insect Thanatophilus micans
(Castelnau, 1840) (Coleoptera: Silphidae) (Ridgeway et al. 2014) was
chosen for comparison. Two different species each of Coleoptera and
Lepidoptera were selected to provide a comparison between and within

different insect orders. Whole body extractions were analyzed as they
cover all potential tissue types for use and are used for gene expression
studies (Gatehouse et al. 2009).

A number of criteria determine a good RNA isolation method. The
method needs to be highly efficient to limit the chance of RNA degrada-
tion (Tattersall et al. 2005), must provide high-quality RNA that con-
tains no contaminants, must produce RNA of a reasonable quantity and
overall needs to be consistent and robust. In addition, the safety of the
RNA isolation method should also be considered, since many RNA iso-
lation methods include the use of toxic or hazardous chemicals such as
phenol, chloroform, or 2-mercaptoethanol. In general, a good RNA iso-
lation method is characterized as being economically viable; where any
costs of the method, including isolation time and monetary value, are
justified by the above-mentioned criteria. The aim of this study was
thus to compare different RNA extraction methods from insect whole-
body larvae and to evaluate the RNA produced based on the criteria de-
scribed earlier. This is the first comparison of RNA isolation methods
among different insect species and the first to compare RNA isolation
methods in insects in the last 20 years.

Materials and Methods
Insect Material. Late-instar larvae of T. leucotreta, P. xylostella, Te.

molitor, and Th. micans were collected from established cultures at
Rhodes University. Live individuals were flash frozen in liquid nitrogen
and homogenized using a sterile mortar and pestle. In total, 30mg of
homogenized tissue was then placed into a prefrozen microcentrifuge
tube. This was the standard sample preparation for all RNA isolation
methods. Three replicates were included for every species using each
method, resulting in a total of 48 independent RNA isolations.

RNA Isolation. Four RNA isolation methods were compared in this
study. Three of these methods are based on commercial kits: TRIzol
reagent (Invitrogen, Carlsbad, CA), the SV Total RNA isolation system
(Promega, Madison, WI), and the RNeasy Mini Kit (Qiagen, Hilden,
Germany). The remaining RNA isolation method is a complex CTAB-
based method (Baiges and Mas 2003). Reagents for the CTAB-based
method were purchased from theMerck group (Merck, South Africa).
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The RNeasy Mini Kit and SV Total RNA isolation system were fol-
lowed according to manufacturers’ specifications. The CTAB protocol
was adjusted by including three ethanol washes instead of two for
improved RNA precipitation. In addition, the pellet was suspended in
100ml of H2O instead of the recommended 30ml before the optional
cleanup to better dissolve the RNA pellet. The TRIzol reagent protocol
was followed according to the manufacturer’s specifications with the
exception that only 30mg of tissue was used instead of the suggested
50–100mg to allow direct comparison with the other four RNA isola-
tion methods used in this study. All RNA extracted was stored at
�80�C before further analysis.

DNase Digestion. To evaluate the necessity of additional DNase
digestion steps, the sample was divided and 10ml RNA from each
method was digested using the RQ1 RNase-Free DNase kit (Promega,
Madison, WI) according to manufacturer’s specifications to remove any
remaining DNA from the RNA extractions. DNA contamination of RNA
isolations before digestion with DNase enzyme was evaluated using pol-
ymerase chain reaction (PCR), along with positive and negative controls.

PCR Application. DNA contamination of isolated RNA was eval-
uated by PCR to amplify a 708 bp fragment of the cytochrome oxidase I
(COI) gene using the primers LCO1490 and HCO2198 (Folmer et al.
1994). DNA contamination was assumed to be present if the PCR was
successful. PCR tubes contained 12.5ml Master Mix (Promega,
Madison, WI), 1.5 ml of each primer (10 pmol), 1.5ml MgCl2 (25mM),
7ml H2O, and 1ml RNA, resulting in a total volume of 25 ml. The condi-
tions for each of 40 PCR cycles were as follows: denaturation at 95�C
for 30 s, annealing at 54�C for 1min, and extension at 72�C for
1min 30 s. The reaction was preceded with an initial denaturation step
of 95�C for 5min and ended with a final extension step of 72�C for
10min. PCRs were checked for amplification using agarose gel electro-
phoresis (AGE).

cDNA Conversion. The RNA of T. leucotreta, isolated using the four
methods described earlier, was converted to cDNA using the Maxima
H Minus Reverse Transcriptase kit with a random hexamer primer (50-
d(NNNNNN) -3 (Thermo Scientific, Wilmington, DL). The sample
was incubated at 25�C for 10min followed by 30min at 50�C. The
reaction was terminated by heating the sample to 85�C for 5min.
cDNAwas then tested in a PCR using the conditions described earlier
to determine its applicability for a basic downstream application.

Analysis. RNA quality and quantity was analyzed using AGE, a
NanoDrop 2000 spectrophotometer (Thermo Scientific, Wilmington,
DL) and an Agilent 2100 Bioanalyser with an RNA 6000 chip kit.
Using AGE good quality RNAwas considered to be two well-defined
fragments, corresponding to the 18S (2,000 nt) and 28S (3,800 nt) ribo-
somal subunits, with limited smearing. Each gel contained a 100 bp-
DNA ladder (Promega, Madison, WI) with 20 and 100 ng Lambda
DNA standards to infer concentrations. Gels were loaded with 5 ml
RNA sample. The gels were used at a concentration of 1.5% agarose
and run at 80 V for 30–40min. Spectrophotometer 230/260 and 280/
260 ratios were used to evaluate RNA quality, with good quality RNA
having readings of 1.8–2.0 and 2.0–2.2 for each ratio, respectively.
Total RNA analysis pg sensitivity (Eukaryote) was conducted using an
Agilent 2100 Bioanalyser. The ladder was used at 1,000 pg/ml concen-
trations with the minimum and maximum visible range at 17 and 70 s,
respectively. RNA integrity number (RIN) and fluorescent graphs were
analysed for each method.

Results
RNA Quality. Spectrophotometer readings for RNA isolations con-

ducted using the CTAB isolation protocol were generally poor, with
only 70% of the isolations showing acceptable 280/260 and 260/230
ratios. In addition, AGE of RNA extracted using the CTAB isolation
protocol only showed faint smearing, with no well-defined bands
(Fig. 1). The average RIN for CTAB extractions was 1, with no peak
visible for either the18S or 28S fragments on the electropherogram
(Fig. 2). The quality of RNA using Trizol reagent was fairly

inconsistent as only half of the reactions had acceptable 260/230 ratios
with the rest below 1.3. The mean RIN of samples extracted with Trizol
reagent was 5.3 (SD6 0.14), and could thus be considered partially
degraded. RNeasy Mini Kit and SV Total RNA isolation system
showed acceptable purity ratios, with a 280/260 mean value of 2.01
(SD6 0.15) and 230/260 ratio of 1.85 (SD6 0.37). The mean RIN
score for RNeasy was 8.2 (SD6 0.57), which is considered intact
RNA. Electropherogram graphs of RNA isolated using the RNeasy
Mini Kit showed the highest 28S peak out of the four methods, with a
good 5S fragment (Fig. 2) The mean RIN for SV Total RNA extraction
kit was 9.25 (SD6 0.21). These RNA extractions showed well defined
peaks with limited contamination (Fig. 2).

RNA Quantity. According to spectrophotometer results, the mean
RNA yield per extraction was 96,319 ng (SD6 39,463) for CTAB iso-
lations, 52,314 ng (SD6 2,593) for the SV Total RNA isolation system,
40,127 ng (SD6 14,407) for RNeasyMini Kit isolations and 85,079 ng
(SD6 52,154) for TRIzol reagent isolations.

DNA Contamination. RNA isolated using TRIzol reagent, RNeasy
Mini Kit, and the CTAB method showed high amounts of DNA con-
tamination, resulting in PCR products of high concentration. Only
RNA extracted using the SV Total RNA isolation system did not show
high amounts of DNA contamination. Additional DNase digestions
were performed for a subsample of RNA extracted using each of the
four methods. After DNase digestion, PCR amplification was unsuc-
cessful for RNA extracted using each of the four methods, showing that
DNA contamination had been eliminated.

PCR Application. T. leucotreta RNA was reverse transcribed to
cDNA and used to amplify a 708 bp fragment of the COI gene in order
to compare the success of different RNA isolation methods for a basic
downstream application. It was found that RNA isolated using all four
methods included in this study could be used to produce well-defined
amplification products.

Discussion
RNA Quality. There was no clear difference among the four insect

species regarding the quality of RNA extracted. However, there was
variation among different RNA isolation methods for both the 280/260,
230/260 quality ratios, and the Agilent Bioanalyser results. The SV
Total RNA isolation system and RNeasy Mini Kit extracted the highest
quality RNA. RNA extracted using the Trizol reagent showed partially
degraded RNA. The low 230/260 quality ratio could indicate a residue
of phenol from the Trizol extraction. Although it is preferable for gene
expression studies that the RNA is of a high quality, RIN above 5 have
been noted as acceptable RNA for microarrays and gene expression
studies as long as the product length is <400 bp (Schoor et al. 2003,
Imbeaud et al. 2005, Fleige and Pfaffl 2006). Based on the electro-
pherogram graphs, it was assumed that high-quality RNA had a 28S
peak twice the height of the 18S peak (Green and Sambrook 2012).
However, this is rarely achieved as the 28S RNA subunit degrades
more rapidly compared with the 18S subunit (Fleige and Pfaffl 2006).
The major cause of this denaturing is a result of heating the RNA during
the extraction procedure, which may denaturate the 28S ribosomal sub-
unit to produce two fragments similar in size to that of the 18S RNA
subunit (Ishikawa and Newburgh 1972, Winnebeck et al. 2010). SV
Total RNA isolation system and the Trizol reagent both had heating
steps during the procedure, which may account for the lower 28S peak
(Fig. 2). The complete lack of a 28S peak with Trizol extractions is
most likely a result of the 15-min heating process at 60�C during the
isolation procedure. The CTAB method did not produce RNA of a high
quality or quantity. However, this method is costeffective, especially
when large sample sizes are used, and can be used for simple down-
stream applications such as basic PCR for phylogenetic studies. For
example, phylogenetics analysis based on RNA may be performed
using lower quality RNA, and as such may not require stringent RNA
isolation methods (Kambhampati 1995, Rokas and Holland 2000, Kjer
2004, Gambino et al. 2008, Regier et al. 2010, Podolska et al. 2011a,b).
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Fig. 2. Agilent 2100 Bioanalyser electropherogram graphs showing RNA extracted using the RNeasy Mini Kit, a CTAB-based protocol, TRIzol
reagent and the SV Total RNA kit Markers can be seen at 25 nt, 18S RNA subunit at 2,000 nt, the 28S large subunit at 3,800 nt, and a
combination of 5S, 5.8S, and tRNAs at6 180 nt.

Fig. 1. Pseudo-gel image produced using an Agilent 2100 Bioanalyser, showing the results of RNA extracted from T. leucotreta using the
RNeasy Mini Kit, a CTAB-based protocol, TRIzol reagent, and the SV Total RNA kit. The 18S RNA subunit is visible at 2,000 nt, the 28S large
subunit at 3,800 nt, and a combination of 5S, 5.8S, and tRNAs at6 180 nt.
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RNA Quantity. As spectrophotometer results may confuse contami-
nation within the RNA sample as increased RNA concentration, only
RNA samples with acceptable 280/260 and 230/260 ratio readings
were considered. Thus, no CTAB RNA concentrations readings were
analyzed. RNA extractions using Trizol reagent showed the highest
concentrations of RNA. The RNeasy Mini Kit and SV Total RNA sys-
tem extracted similar and consistent concentrations of RNA extracted.

DNA Contamination. As three of the methods showed high levels of
DNA contamination, it demonstrated the importance for an additional
DNase step following the RNA extraction, with the exception of the SV
Total RNA isolation system.

PCR Application. Coposis et al. (2007) found that PCR results are
not generally affected by RNA integrity, which would explain why
PCR using low-quality RNA, produced using the CTAB-based proto-
col, were successful. However, the performance of more stringent
applications, such as microarray analysis, is affected by RNA integrity.
Therefore, depending on the downstream applications the choice of
RNA isolation method would vary depending on the quantity and qual-
ity of RNA desired the cost of the isolation method, as well as the time
taken to perform isolations.

Additional Considerations. Besides the quantity and quality of RNA
isolated, an important consideration for selecting an appropriate RNA
isolation method is cost. The commercial kits were significantly more
expensive per isolation than the CTAB method. The CTAB method
costs<$0.2 per isolation if more than 50 reactions were performed, due
to the initial start up costs. The RNeasy Mini Kit and SV Total RNA
isolation system were the most expensive at $7 and $6.2 per isolation,
respectively. The TRIzol method, which cost $4.5 per isolation, was
cheaper than these. However, isopropanol and ethanol were required
but were not included in the kit, necessitating an additional cost of $20
for 1,000 reactions. In addition to the RNA extraction costs, a further
DNase step was considered with a cost of $110 for 1,000 reactions.
A further factor to consider when selecting an RNA extraction method
is the time taken to perform the isolation. There was an inverse relation-
ship between cost and isolation time for each RNA isolation method
included in this study. The RNeasy Mini and SV Total RNA isolation
system both averaged bench and total times of 40min and the CTAB
protocol required a bench time of 2.5 h. The safety of the isolation pro-
cedure for the user is also an important consideration. The CTAB and
TRIzol isolation protocols rely on the use of chloroform and phenol
respectively, which are both hazardous to users, thus making the
RNeasy Mini Kit and SV Total RNA isolation system the safest isola-
tion methods of the four that were tested.

All four isolation methods evaluated produced RNA of a similar
quantity and quality regardless of insect species analyzed, indicating
that these results may be applicable to larvae from a range of insect spe-
cies. RNA isolated using the RNeasy Mini Kit was found to be of high
quality and always of a consistent concentration, with the method also
being the most robust and safe, since no harmful chemicals were used.
The RNeasy Mini Kit does not require any heating steps, allowing for
the quantity and quality of the RNA to be determined without any
interference due to denaturation of the 28S ribosomal subunit. Even
though, TRIzol reagent has been most commonly used for gene expres-
sion analysis in insects (Lawrence et al. 2008, Gatehouse et al. 2009,
Wu et al. 2011, Xie et al. 2012, Rinkevich and Scott 2013), which
requires very high quality of RNA (Fleige and Pfaffl 2006, Copois et al.
2007, Podolska et al. 2011a,b), it was found that this method was not
consistent and produced a high quantity but lower quality of RNAwhen
compared with RNA isolated using the RNeasy Mini Kit and SV Total
RNA isolation system. RNA isolations performed using the SV Total
RNA systemwere of the highest quality and of consistently high quantity.
In addition, RNA isolated using this method did not require an additional
DNase digestion step, thus saving time and money. The SV Total RNA
system is thus recommended for any downstream applications requiring
a consistently good quality and quantity of RNA.
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