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ABSTRACT. In an attempt to isolate high-quality, intact total RNA 
from sunflower (Helianthus annuus) seeds for investigation of the 
molecular mechanisms of mutations, we tested various procedures, 
using kits, including RNAiso Plus, RNAiso Plus+RNAiso-mate for 
Plant Tissue, Trizol, and the Qi method, but no high-quality total RNA 
of high integrity was obtained with any of these methods, probably due 
to the high content of polyphenols, polysaccharides, and secondary 
metabolites in mature sunflower seeds. Modifications were made to the 
Qi method. To avoid polyphenol oxidation, frozen dry seeds free of the 
seedcase were ground in a mortar with an equal amount of PVP30, and 
the fine ground powder was transferred to an extraction buffer with 2% 
PVP30 (w/v), 5% β-mercaptoethanol (v/v) and LiCl (8 M). A sample 
homogenate was extracted with chloroform prior to acidic phenol-
chloroform extraction. The total RNA was precipitated with 1/4 volume 
of NaAc and 2 volumes of absolute ethanol to prevent contamination 
by polysaccharides. The yield of total RNA was 29.95 μg/100 mg 
husked dry seeds; the ratios of A260/A230 and A260/A280 were 2.44 
and 2.09, respectively. Electrophoretic analysis clearly showed 28S and 
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18S ribosomal RNA bands. Using the extracted RNA, a fragment of 
the actin gene was successfully expressed by RT-PCR. This modified 
protocol is suitable for isolating high-quality total RNA from sunflower 
seeds for molecular research.
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INTRODUCTION

Sunflower (Helianthus annuus L.) is the third most important oil crops worldwide. 
The seeds of this plant are an abundant source of edible vegetable oil, starch, protein, minerals, 
vitamins, and antioxidants for human nutrition and animal (Alonso et al., 2007; Zavallo et al., 
2010; Ruiz-Lopez et al., 2010). Sunflower can be utilized as ornamental plants in addition to 
its commercial value (Huaiqin et al., 2009). Pure seeds were carried by space flight in recover-
able satellite “Shenzhou No. 4” for mutational induction in 2002, and then some plants with 
mutational characters, including plants with high ornamental values, were screened out from 
the descendant plants; subsequently they were bred as mutant lines individually. To investigate 
the molecular mechanism of the mutation, the most effective approach is to clone genes and 
to research their genetic function. Usually, precondition for gene cloning is to obtain intact, 
high-quality and quantity RNA.

To our knowledge, there has been no report on total RNA extraction from seeds of 
sunflower in the literature. We tried to isolate total RNA from their seeds following the hand-
books of RNAiso Plus, RNAiso Plus+RNAiso-mate for Plant Tissue and Trizol, or the method 
reported by Qi et al. (2009), but it is difficult to obtain high-quality RNA, perhaps due to the 
high levels of lipids, starch, polyphenol, polysaccharide, storage proteins, secondary metabo-
lites, and endogenous RNase in seeds (Salzman et al., 1999; Singh et al., 2003; Azevedo et al., 
2003; Li and Trick, 2005; Birtic and Kranner, 2006; Bilgin et al., 2009). According to previous 
reports (Salzman et al., 1999; Qi et al., 2009; Ghangal et al., 2009; Bilgin et al., 2009), soluble 
polyvinylpyrrolidone (PVP), β-mercaptoethanol and absolute ethanol were used to modify the 
method reported by Qi et al. (2009) for RNA extraction, and high-quality RNA was obtained.

MATERIAL AND METHODS

Fine sunflower seeds in SP7 generation were selected. After their seedcases were 
peeled off, the remained parts of the seeds were used for RNA extraction.

Total RNA extraction

1) Extract total RNA following the direction of RNAiso Plus (TaKaRa, Japan).
2) Isolate total RNA as the handbook of RNAiso Plus+RNAiso-mate for Plant Tissue

(TaKaRa).
3) Collect total RNA following the instruction book of Trizol (Bio Basic Inc., Canada).
4) Extract total RNA according to the method reported by Qi et al. (2009).
5) Extract total RNA using the modified method based on Qi et al. (2009) as following:
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Preparation of solution and reagents

1) Extraction buffer: 8 M LiCl, 2% (w/v) PVP30, 5% (v/v) β-mercaptoethanol.
2) Solubilization buffer: 1.4% (w/v) SDS, 0.075 M NaCl, 0.025 M EDTA,2% (v/v)

β-mercaptoethanol.
3) Trizol (Bio Basic Inc.).
4) RNA PCR Kit (AMV) Version 3.0, RNAiso Plus and RNAiso-mate for Plant

Tissue (TaKaRa).
5) 3 M NaAc, pH 5.2.
6) Water-saturated acidic phenol, pH 4.5.
7) PVP30, absolute ethanol, chloroform and liquid nitrogen.

Procedure of the total RNA extracted by the modified method

All centrifugations are at maximum speed at 4°C (Eppendorf Centrifuge 5810R,  
Germany) unless otherwise indicated.

1) 60 mg dry seeds free of seedcase was frozen in liquid nitrogen for a minimum of 
20 min up to overnight and ground to fine powder with pestle in the presence of liquid
nitrogen adding PVP30.

2) Transfer frozen powder to a 1.5-mL microcentrifuge tube containing 900 µL extrac
tion buffer, 45 µL β-mercaptoethanol, and different content of ethanol, and then shake
vigorously for 5 min and incubate at 4°C overnight.

3) Add 100 µL chloroform, mix gently and centrifuge at 5000 rpm for 3 min at 4°C to
precipitate for high molecular weight impurities and liquids.

4) Transfer suspension to a new 1.5-mL microcentrifuge and spin for 30 min at 4°C.
5) Dissolve pellet in 550 µL solubilization buffer, add 550 µL chloroform, mix thoroughly 

and centrifuge for 5 min.
6) Transfer suspension to a new 1.5-mL microcentrifuge tube, add 500 µL water-saturated

acidic phenol and 300 µL chloroform, then mix thoroughly, and spin for 10 min.
7) Transfer suspension to a new 1.5-mL tube, add 100 µL 3 M NaAc, pH 5.2, and 800 µL

ethanol, mix well and leave at -20°C for 1 h. Spin for 20 min, wash pellet with 75% ethanol,
air-dry RNA and resuspend in 40 µL DEPC-water.

Technical notes

β-mercaptoethanol should only be added to the extraction buffer and solubilization 
buffer prior to use.

RNA assessment

The absorbance of total RNA in sterilization water free of ion was evaluated at 230, 
260, 280 nm using a UNIC UV-2102C spectrophotometer (China). RNA yield was calculated 
based on the Beer-Lambert Law, according to which the yield in μg/mL is 100-fold of the ab-
sorbance at 260 nm (A260) (Wang and Stegemann, 2009). RNA purity was tested by the ratios 
of A260/A230 and A260/A280.
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RT-PCR analysis

For RT-PCR (reverse transcription-polymerase chain reaction), first-strand cDNA 
was synthesized using the TaKaRa RNA PCR Kit (AMV) Ver. 3.0, in which RT was per-
formed by 10-min incubation at 30°C, 30-min incubation at 50°C, 5-min incubation at 
95°C, and 5-min incubation at 5°C. PCR was conducted in a Bio-Rad thermal 580BR3785 
cycler following the instruction of the TaKaRa RNA PCR Kit (AMV) Ver. 3.0. The pa-
rameters of PCR program were: 94°C for 2 min, 35 cycles of 94°C for 30 s, 47°C for 30 s, 
72°C for 66 s, and a final extension step at 72°C for 5 min. A housekeeping gene, actin, was 
tested using primers as followed: 5'-GTGACAATGGAACAGGAATG-3' (forward, actin), 
5'-CACTTCCGGTGGACAATG-3' (reverse, actin).

RESULTS

Purity, yield of total RNA

Using the procedures described above or handbooks of kits, total RNA could be ex-
tracted from 100 mg seeds of sunflower without seedcases, but the purities and yields of RNA 
varied depending on different kits used or the modified method using different volumes of 
absolute ethanol in extraction buffer. As shown in Table 1, the ratios of A260/A230 for the 
total RNA obtained by RNAiso Plus or Trizol were lower than 2.0, and their ratios of A260/
A280 were less than 1.8, suggesting their impurity. In the Qi method, the total RNA showed 
high purity with prospected ratios of A260/A230 and A260/A280; however, only low yield of 
RNA was achieved. Comparatively, the method of RNAiso Plus+RNAiso-mate obtained high 
purity and yield of total RNA (Table 1).

Data are reported as means ± SD from more than six independent RNA extraction replicas for each method, except 
for the Qi method. RNAiso Plus+RNAiso-mate: RNAiso Plus+RNAiso-mate for Plant Tissue (TaKaRa).

Kit Purity  Yield (μg/100 mg)

 A260/A230 A260/A280

RNAiso Plus 1.12 ± 0.07 1.72 ± 0.06 201.77 ± 36.78
RNAiso Plus+RNAiso-mate 2.13 ± 0.36 1.80 ± 0.12 215.20 ± 79.94
Trizol 0.57 ± 0.23 1.57 ± 0.13   31.66 ± 15.45
Qi method 5.5 1.83     8.65

Table 1. Purity and yield of the total RNA extracted from seeds of sunflower using three kits.

According to the modified method, it seemed that the addition of different volumes of 
absolute ethanol in extraction buffer could affect the purity and yield of the RNA extracted. 
When 200 or 350 µL absolute ethanol was used in the modified method, only low purity and 
yield of total RNA was obtained (Table 2). In the other three modified methods, the total RNA 
obtained was of high quality and purity, while the yield by adding 250 µL absolute ethanol was 
higher than those methods by adding more or lower than 250 µL ethanol.
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Data are reported as means ± SD from more than eight independent RNA extraction replicas for each volume 
of ethanol.

Ethanol (µL) Purity  Yield (µg/100 mg)

 A260/A230 A260/A280

    0 2.61 ± 0.90 1.94 ± 0.15 20.39 ± 8.05
150 2.64 ± 0.52 1.99 ± 0.34 21.87 ± 7.60
200 1.04 ± 0.26 1.21 ± 0.54   3.20 ± 0.54
250 2.44 ± 0.23 2.09 ± 0.16 29.95 ± 8.21
350 1.36 ± 0.97 1.50 ± 0.87   1.71 ± 1.26 

Table 2. Purity and yield of the total RNA extracted from seeds of sunflower by the modified method using 
different volumes of absolute ethanol.

Integrity of the total RNA

When analyzing the total RNA obtained by 1% agarose gel electrophoresis with 
GreenView staining, three bands of RNA, 28S, 18S and 5S ribosomal RNA, could only be 
found in RNA from modified methods based on the Qi method (Figure 1), while only one band 
or smear RNA was tested in RNA extracted by RNAiso Plus, RNAiso Plus+RNAiso-mate for 
Plant Tissue, Trizol, or the Qi method. In modified methods, genomic DNA was contained in 
the total RNA extracted, when 0 µL or 350 µL absolute ethanol was used in extraction buffer, 
while the contaminant DNA in the RNA extracted without ethanol treatment was higher than 
that by 350 µL ethanol. In the modified method by adding 200 µL ethanol, inadequate bright-
ness of RNA could be viewed on agarose gel, suggesting its low yield of RNA. By comparing 
the bands by modified methods with 150 or 250 µL ethanol, the amount of 28S RNA was more 
than 2-fold that of 18S RNA by the method with 250 µL ethanol, while the amounts of the two 
bands were nearly equal, indicating that the method by adding 250 µL ethanol for modification 
was most suitable for further study.

Figure 1. Total RNA by 1.0% agarose gel electrophoresis extracted from seeds of sunflower by kits, Qi method, 
and the modified method via adding different volume of absolute ethanol. Lane 1 = RNAiso Plus; lane 2 = RNAiso 
Plus+RNAiso-mate for Plant Tissue; lane 3 = Trizol; lane 4 = Qi method; lane 5 = 0 µL; lane 6 = 150 µL; lane 7 = 
200 µL; lane 8 = 250 µL; lane 9 = 350 µL; M = marker DL2000.
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RT-PCR analysis

To further evaluate the integrity of the RNA extracted by the modified method 
adding 250 µL ethanol, the RNA obtained was used to amplify the housekeep gene, actin, 
by RT-PCR. The results showed that a fragment of about 1.1 kb was amplified (Figure 
2). Sequence analysis indicated that this fragment has high similarity with actin genes in 
other species.

DISCUSSION

Following illustrations of the three kits, RNAiso Plus, RNAiso Plus+RNAiso-mate for 
Plant Tissue, and Trizol, we tried our best to isolate total RNA from seeds for the use of gene 
cloning and to investigate the molecular mechanism of mutation induced by space flight. The 
results showed that only low purity of total RNA was obtained by the original directions of 
RNAiso Plus or Trizol. In contrast, the total RNA extracted by the RNAiso Plus+RNAiso-mate 

Figure 2. A fragment of actin gene on 1.0% agarose gel electrophoresis amplified by RT-PCR. Lane 1 = fragment 
of actin gene with about 1.1 kb; M = marker DL2000.
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for Plant Tissue method was of high purity and high yield, but still not suitable for further study, 
because the RNA showed low integrity by electrophoretic analysis. According to the steps de-
scribed by Qi et al. (2009), the lower yield of total RNA was harvested from dry seeds free of 
seedcase, furthermore the RNA obtained was degraded to some extent through electrophoretic 
test, so this method could not be used to isolate total RNA from sunflower seeds directly.

More impurities were included in mature seeds than in other tissues, such as poly-
phenol, polysaccharide, secondary metabolites, which are known to co-isolate with nucleic 
acids from plant tissues resulting in inhibition of molecular manipulations (Koonjul et al., 
1999), and protein, which could affect total RNA extraction (Birtic and Kranner, 2006). Ac-
cording to previous reports (Qi et al., 2009; Ghangal et al., 2009; Bilgin et al., 2009), PVP, 
β-mercaptoethanol, and absolute ethanol are absolutely necessary to eliminate this impurities. 
Thus, these chemicals were used to modify the method by Qi et al. (2009) to test their effects 
on RNA isolation from sunflower seeds.

In order to eliminate the high level of storage polyphenolics in dry seeds, which can 
reduce the yield and purity of extracted RNA via powerful oxidizing, the following mea-
sures were taken during the procedure of RNA extraction. The first measure was added proper 
amount of PVP to the mortar and altogether pestled with the dry seeds free of seedcase, to 
prevent the oxidation of polyphenolics of grinded samples in long air exposure. Then 2% 
PVP30 and 5% β-mercaptoethanol, without cysteine in the modified method, were applied in 
the extraction buffer for extracting RNA from homogenate fractured cell powders. This step is 
reasonably critical to inhibit the oxidation of polyphenolics, and 5% β-mercaptoethanol was 
enough to function. The third measure was to extract homogenate with chloroform prior to 
phenol-chloroform extraction to prevent contamination by polyphenolics (Suzuki et al., 2004; 
Onate-Sanchez and Vicente-Carbajosa, 2008). The improved measures above played an im-
portant role on avoiding polyphenolics oxidizing when obtaining high-quality RNA.

Another impurity was high content of storage polysaccharide in dry seeds, which could 
make extraction buffer thicker after adding sample and some impurities flow down difficultly. 
So, the addition of absolute ethanol was able to precipitate polysaccharide and other impurities 
in extraction buffer (Qi et al., 2009). In our modified method, RNA was precipitated from the 
upper clear phase by using 1/4 volume of 3 M sodium acetate and 2 volumes of absolute ethanol 
at the final procedure, which was reported to eliminate polysaccharide contamination by in-
creasing the sodium acetate content (Singh et al., 2003; Suzuki et al., 2004; Wang et al., 2005).

To prevent the contamination of proteins, the addition of equal volume NaAc-sat-
urated acidic phenol, pH 4.5, and 300 µL chloroform to supernatant, substituting for equal 
volume Tris-saturated phenol, pH 7.8, phenol:chloroform:isoamyl alcohol (25:24:1), prior to 
centrifugation, could effectively make proteins denatured, and beneficial for elimination of 
the protein contamination. To be mentioned, in the acidic conditions for eliminating protein, 
DNA of smaller or larger fragments was readily dissolved in the acidic phenol or collected 
at the interphase during centrifugation, and the chloroform could separate liquid phase from 
organic phase (Mulhardt, 2007). Meanwhile, the means for removing protein were efficacious 
to inhibit the nuclease to keep RNA from degradation. According to previous reports, the pres-
ence of β-mercaptoethanol and the use of high salt concentration in the extraction buffer (8 M 
LiCl) inhibited nuclease activity (Vicient and Delseny, 1999).

Comparatively, it is more difficult to grind the materials into powders from plant than 
those from animal, due to the rigid cell walls in plant that need to be degraded in order to ex-
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pose internal nucleic acids (Wang and Stegemann, 2009). So the materials were pre-frozen in 
liquid nitrogen (LN2) for a minimum of 20 min up to overnight, and then be ground in the pres-
ence of liquid nitrogen. The results showed that the pretreatment was benefit for fine powder 
formation. To prevent interference of the cell wall to the greatest extent, the seedcases were 
wiped off from the mature seed, and the remained parts were left for RNA extraction.

Via the modifications mentioned above, high-quality total RNA was extracted, with 
high yield and integrity, by spectrophotometric and electronphoretic analysis, comparing with 
previous methods. Furthermore, this was confirmed by amplifying actin gene fragment by RT-
PCR. Thus, the modified method was suitable for isolate high-quality total RNA from mature 
seeds of sunflower and beneficial for further study to investigate the molecular mechanism of 
mutation induced by space flight.
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