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Abstract Magnolia sieboldii K. Koch seed is character-

ized with having deep dormancy. The inner molecular

regulation mechanism has not been investigated because of

the absence of a protocol for total RNA (ribonucleic acid)

extraction. The extraction of high-quality RNA is impor-

tant and can be a limiting factor in plant molecular biology

experiments. Sufficient high-quality total RNA is required

to elucidate the molecular regulation mechanism of ger-

mination. However, M. sieboldii seeds with large amounts

of secondary metabolites also contain recalcitrant tissues

for RNA isolation. We found two simple and low-cost

RNA extraction methods for M. sieboldii seeds by evalu-

ating and selecting eight types of methods and further

optimizing these methods. The two methods were not only

suitable for extracting M. sieboldii seed RNA but also

applicable to RNAs from several other tissues. Total RNA

extracted through these approaches was applicable for

general molecular biology experiments such as qRT-PCR

(quantitative real-time polymerase chain reactions). The

protocols also meet the strict harsh requirements for tran-

scriptome sequencing and small RNA sequencing. This

study provides a powerful approach for future studies at the

transcription level.
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Introduction

Magnolia sieboldii K. Koch belongs to the Magnoliaceae

family and is a deciduous tree geographically distributed in

the most northern part of China.M. sieboldii is important in

scientific studies with a high development prospect because

of its ornamental, medicinal, and economic values. How-

ever, germination, considered the most vulnerable stage of

plant development, is stimulated by long periods of warm

and cold stratification (Lu et al. 2016). To date, germina-

tion of this species has been investigated using physio-

logical studies and proteomics analysis (Lu et al.

2013, 2016; Zhang et al. 2014). Studies at the transcription

level are limited because of the absence of an appropriate

RNA extraction method.

Differential protein expression and biological functions

of M. sieboldii were analyzed through proteomics. How-

ever, only a low percentage of differentially expressed

proteins could be detected because of the lack of a refer-

ence M. sieboldii genome (Lu et al. 2016; Zhang et al.

2014). Transcriptomes, such as mRNA (messenger RNA)

and small RNA (a type of non-coding RNA), are important

in molecular biology research. Transcriptomes assist in

Project funding: This work was supported by the National Natural

Science Foundation of China (No. 31570621).

The online version is available at http://www.springerlink.com

Corresponding editor: Tao Xu.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s11676-018-0615-8) contains supple-
mentary material, which is available to authorized users.

& Xiujun Lu

lxjsyau@126.com

1 Department of Forestry, Shenyang Agricultural University,

No. 120, Donglin Road, Shenyang City 110866, Liaoning

Province, People’s Republic of China

2 Research Institute of Forestry, Chinese Academy of Forestry,

No. 1, Xiangshan Road, Haidian District,

Beijing City 100091, People’s Republic of China

123

J. For. Res. (2019) 30(1):371–379

https://doi.org/10.1007/s11676-018-0615-8

http://www.springerlink.com
https://doi.org/10.1007/s11676-018-0615-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s11676-018-0615-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11676-018-0615-8&amp;domain=pdf
https://doi.org/10.1007/s11676-018-0615-8


increasing the rate of protein identification; they can also

provide a database for subsequent research at the tran-

scription level. Moreover, reverse-transcription polymerase

chain reaction (RT-PCR) and quantitative real-time poly-

merase chain reaction (qRT-PCR), among others, based on

high-quality RNA can also validate subsequent gene and

protein expression and biological function. However,

obtaining a large volume of high-quality RNA is a pre-

liminary step for these investigations (Christou et al. 2014).

Therefore, an efficient method for extracting RNA from M.

sieboldii seeds should be explored.

In this study, we evaluated and optimized several

methods forM. sieboldii seeds to determine a suitable RNA

isolation method. The approach was to extract total RNA in

high quality, substantial yield, and high purity suitable for

transcriptome sequencing, small RNA sequencing, RT-

PCR, qRT-PCR, and other downstream molecular appli-

cations. Among these processes, transcriptome sequencing

provides a database for the subsequent validation of key

differentially expressed proteins and biological functions.

This database was used to explore key differentially

expressed genes in seed germination, thereby providing a

basis for further exploration. In addition, small RNAs,

especially microRNA, which are important regulators of

gene expression both within defined regulatory pathways

and at the epigenetic scale (Klevebring et al. 2009; Gupta

et al. 2014; Li et al. 2014), have gradually become a new

research hotspot. Meanwhile, the application of RT-PCR

and qRT-PCR, among others, can also validate subsequent

gene and protein expression and biological functions.

Materials and methods

Plant materials

Mature seeds of M. sieboldii were harvested randomly

from eight plants at the botanical garden of Shenyang

Agricultural University (41�820N, 123�560E) in October

2015. Seeds were packaged in Eppendorf tubes after the

shell was removed, frozen in liquid nitrogen, and stored at

- 80 �C until required.

Solutions and reagents

All reagents were molecular biology grade. The CTAB

extraction buffer consisted of 2% CTAB (w/v), 2% PVP

(w/v), 2 M NaCl, Tris–HCl (0.1 M, pH 8.0), EDTA

(25 lM, pH 8.0), 3.44 lM spermidine, and 2% b-ME (w/

v), added just before use. The SSTE buffer consisted of

1 M NaCl, 0.01 M Tris–HCl (pH 8.0), 1 lM EDTA, and

0.5% SDS (w/v). An SSTE optimal buffer consisted of 2 M

NaCl, 0.05 M Tris–HCl (pH 8.0), 1 lM EDTA, and 1%

SDS (w/v) (Table S1). Other reagents were TRIzol (In-

vertrigen), 75% ethanol (v/v), chloroform: isoamyl alcohol

(24:1; v/v), phenol: chloroform: isoamylalcohol (25:24:1;

v/v/v), and isopropanol. First-stand cDNA synthesis kit

(TOYOBO) and TaKaRa TaqTM Version 2.0 plus were also

used.

RNA extraction protocol

Protocol 1: TRIzol method

This protocol was essentially as described in the manu-

facturer’s instructions of TRIzol Reagent (Invitrogen) but

slightly modified by using chloroform: isoamyl alcohol

(24:1; v/v) rather than chloroform, and adding centrifuga-

tion in the final process because the RNA solution con-

tained insoluble substances (Fig. S2). Turbid RNA solution

was centrifuged at 6000 rpm for 5 min at 4 �C, and the

supernatant was collected into a 1.5 ml Eppendorf tube.

Protocol 2: Modified TRIzol method

(1) Seeds (0.1 g) were frozen in liquid nitrogen, pulverized

by grinding with a pre-chilled mortar and pestle to a fine

powder, and added to a 1.5 mL Eppendorf tube containing

1 ml of TRIzol reagent and 20 ll of b-ME. The mixture

was mixed by vortexing, incubated at room temperature for

10 min, and centrifuged at 12,000 rpm for 5 min at 4 �C.
(2) The supernatant was transferred to a 1.5 ml Eppendorf

tube. An equal volume of chloroform: isoamyl alcohol

(24:1; v/v) was added and mixed by inverting the tube. The

mixture was centrifuged at 12,000 rpm for 5 min at 4 �C.
(3) The supernatant was transferred to a 1.5 ml Eppendorf

tube and an equal amount of isopropanol was added and

mixed by inverting the tube. The mixture was incubated at

- 20 �C for 10 min and centrifuged at 12,000 rpm for

10 min at 4 �C. (4) The supernatant was removed and the

pellet re-suspended in 500 ll of SSTE buffer (incubated at

65 �C for 20 min before being used). An equal volume of

phenol: chloroform: isoamyl alcohol (25:24:1; v/v/v) was

added and mixed by inverting the tube, followed by cen-

trifugation as described above. (5) Step (4) was repeated

until the middle tier without any white precipitate was

observed. (6) The supernatant was collected an equal

amount of isopropanol added, and incubated at- 20 �C for

10 min to precipitate RNA. The mixture was centrifuged at

12,000 rpm for 10 min at 4 �C. (7) The supernatant was

discarded and the pellet washed with chilled 75% ethanol,

the volume depending on the pellet amount. The pellet was

air dried at room temperature and re-suspended in RNase-

free water.
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Protocol 3: CTAB method

This protocol was based on the description of Ma (2012).

Protocol 4: Modified CTAB method

This protocol is essentially as described by Protocol 2 but

was modified by using CTAB extraction buffer (incubated

at 65 �C for 30 min before use) rather than the TRIzol

reagent.

Protocol 5: SDS method

This protocol is essentially as described by Ma et al. (2015)

but modified by rejecting the use of the spin column in Step

7. Moreover, the mixture was transferred to a 1.5 ml

Eppendorf tube and centrifuged at 4 �C for 10 min at

13,0009g. The supernatant was discarded and the pellet

washed with chilled 75% ethanol, the volume depending on

the pellet amount. The pellet was air dried at room tem-

perature and re-suspended in RNase-free water.

Protocol 6: RNAprep pure plant kit extraction buffer

method (HL and RL)

The RNAprep pure plant kit was obtained from TIANGEN

Biotech Co. Ltd. (Beijing, China), and contained two types

of cracking buffer, namely HL and RL. The protocol is

similar to Protocol 1 except the TRIzol reagent was

replaced with HL or RL.

Protocol 7: CTAB combined with the TRIzol method

This protocol was essentially as described by Peng et al.

(2014) but modified by adding an equal amount of iso-

propanol to precipitate total RNA at - 20 �C for 10 min in

Step 3. The solution was centrifuged at 12,000 rpm for

10 min at 4 �C and the pellet collected as in Step 4.

Protocol 8: TRIzol combined with the CTAB method

(1) Seeds (0.1 g) were frozen in liquid nitrogen, pulverized

by grinding with a pre-chilled mortar and pestle to a fine

powder, added to a 1.5 ml Eppendorf tube containing 1 ml

of TRIzol reagent and 20 ll of b-ME, and then vortex

mixed. The mixture was incubated at room temperature for

10 min and centrifuged at 12,000 rpm for 5 min at 4 �C.
(2) The supernatant was transferred to a 1.5 ml Eppendorf

tube and an equal volume of CTAB extraction buffer (in-

cubated at 65 �C for 30 min) and 100 ll of chloroform:

isoamylalcohol (24:1; v/v) added. The mixture was mixed

by inverting the tube and incubating at room temperature

for 5 min. It was then centrifuged at 12,000 rpm for

10 min at 4 �C. (3) The supernatant was transferred to a

1.5 ml Eppendorf tube and an equal amount of phenol:

chloroform: isoamylalcohol added. The mixture was mixed

by inverting the tube and centrifuged at 12,000 rpm for

5 min at 4 �C. (4) The supernatant was transferred to a

1.5 ml Eppendorf tube and an equal amount of isopropanol

added to precipitate total RNA at - 20 �C for 10 min. (5)

The supernatant was discarded and the pellet washed with

chilled 75% ethanol, the volume depending on the amount

of pellets. The pellets were air dried at room temperature

and re-suspended in RNase-free water.

Estimation of RNA purity, yield and integrity

Total RNA (2 ll) was loaded on a standard 1.3% agarose

gel, stained with GoldView and visualized using Bio-Rad

ChemiDoc MP to verify the total RNA integrity. The

quantity and quality of the isolated RNA were assessed by

observing the absorbance at 260 and 280 nm. The A260/

A280 ratio was calculated to determine the purity of the

RNA sample. RIN values were determined on an Agilent

2100 bioanalyzer.

RT-PCR

Given that the nucleotide sequences of actin genes in M.

sieboldii have not been reported, the sequence homology

among the genes of interest from Annona cherimola Mill.

(JN786945), Betula luminifera H. Winkl. (FJ410442), Be-

tula platyphylla Suk. (EU588981), Elaeis guineensis Jacq.

(XM_010907399), and Gossypium hirsutum Linn.

(AY305737), available in the GenBank of the National

Center for Biotechnology Information (NCBI), was used.

The conserved regions were identified to design the

degenerate primers by using the Primer Premier 5.0 soft-

ware to obtain the sequence of the actin gene in M. sie-

boldii (unpublished). Meanwhile, we designed a pair of

specific primers on the basis of the sequences. The

sequences were 50-ATGGCCGAAGAGGATATTCAAC-30

for the forward primer and 50-CATTTCCGGTGCACAA
TAGATG-30 for the reverse primer.

The reaction followed the manual of Premix TaqTM

(TaKaRa TaqTM Version 2.0 plus dye). After the reaction,

2.5 ll of the assay mixture was used for agarose elec-

trophoresis using 0.5 9 TBE buffer following the usual

procedure.
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Results

Analysis of total RNA isolated with different

protocols

The quality of isolated total RNA described in this study

was confirmed using several approaches. Agarose gel

(1.3%) electrophoresis showed that total RNA was

obtained through the protocols described in this article

(Fig. 1). However, total RNA extracted with Protocol 3, 4

and 6-HL had visible gDNA contamination (Fig. 1). The

total RNA isolated with Protocol 5 and Protocol 7 had

dispersive and rayless bands (Fig. 1), although their A260/

280 ranged from 1.8 to 2.1 (Table 1), indicating that the

total RNA was degraded. Moreover, RNA extracted with

Protocol 6-RL also had dispersive and rayless bands. The

bands of total RNA extracted with Protocol 1 were intact

and bright, indicating that the total RNA was not degraded

(Fig. 1) but its A260/A280 was only approximately 1.65

(Table 1). In addition, Nanodrop 2000 (thermo scientific)

showed that the figure of RNA extracted with Protocol 1

had abnormal peaks (Fig. S1).

Synthesizing the luminance of ribosomal bands, purity,

and yield shows that the total RNA isolated with Protocol 2

and Protocol 8 indicates intact and bright bands (Fig. 1),

with a A260/A280 ratio of more than 1.7. The total RNA

isolated with Protocol 8 was better and could reach

approximately 1.9, and had highest yield (Table 1). In

addition, results from the Agilent 2100 Bioanalyzer

showed that RINs can exceed 8.0 (Table 1 and Fig. 2).

This finding indicates that high-quality RNA may be

obtained through Protocol 8 and that total RNA extracted

with Protocol 2 was also of high quality but still need to be

improved.

Optimization of Protocol 2

Although the RIN of the total RNA extracted with Protocol

2 could reach more than 8.0, its A260/A280 was less than

1.80 (Table 1). The ratio was low, which suggests that the

purity of RNA extracted with the method was poor.

Therefore, we optimized the design for Protocol 2.

SSTE buffer S1 to S10 and S1 to S9 were tested using

the L9 (34) orthogonal test (Table 2) applied according to

different concentrations of SDS, Tris–HCl, EDTA, and

NaCl in the extraction solutions. S10 was the optimal SSTE

buffer (Table 2). Each test was repeated three times. The

SPSS17.0 software was used for ANOVA.

Distinct 28S, 18S, and 5S ribosomal bands were

observed for S1–S9 when the total RNA was separated on a

1.3% agarose gel stained with Goldview. However, each

test showed relative protein or polysaccharide contamina-

tion (Fig. 3). Moreover, the use of different components of

SSTE buffer resulted in remarkable differences in A260/

A280 but not for yield (Table 2). Intuitive analysis

(Table S1) shows that the most optimal SSTE buffer con-

sisted of 2 M NaCl, 0.05 M Tris–HCl (pH 8.0), 1 lM
EDTA, and 1% SDS. High-quality RNA was obtained

using the optimal SSTE buffer in Protocol 2. The RNA

samples showed well-resolved 28S, 18S, and 5S rRNA

bands with no visible signs of degradation (Figs. 3 and

S10). A260/A280 reached 1.8 (Table 2 and S10) and RIN

was more than 8.0 (Table 2 and Fig. 3), which were suit-

able for transcriptome and small RNA sequencing, RT-

PCR, qRT-PCR, and other downstream molecular

applications.

Evaluation of RT-PCR for Protocol 8 and optimized

Protocol 2

Total RNA extracted with Protocol 8 and optimized Pro-

tocol 2 was further assessed using RT-PCR. RNA samples

were successfully reverse-transcribed and the target gene

amplified from cDNA by PCR. The PCR products were

checked for the presence of the objective band on 1.2%

agarose gel (Fig. 4). PCR products for detecting the actin

gene exhibited the target band with the expected size of

approximately 1124 bp (Fig. 4).

Fig. 1 Total RNA isolated using different protocols, separated on an

agarose gel (1.2%). Lanes 1 and 2: Protocol 1; lanes 3 and 4: Protocol

2; lanes 5 and 6: Protocol 3; lanes 7 and 8: Protocol 4; lanes 9 and 10:

Protocol 5; lanes 11 and 12: Protocol 6-HL; lanes 13 and 14: Protocol

6-RL; lanes 15 and 16: Protocol 7; lanes 17 and 18: Protocol 8
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Extraction of RNA from other tissues of M. sieboldii

using Protocol 8 and Optimized Protocol 2

The RNA extracted from other tissues of M. sieboldii

(Fig. S3) was assessed by the sharpness of ribosomal RNA

(rRNA) bands visualized on a 1.0% agarose gel. RNA

extracted with Protocol 8 had visible signs of degradation

(Fig. 5) whereas well-resolved 28S and 18S rRNA bands

were observed with no visible signs of degradation for

RNA extracted with the Optimized Protocol 2 from young

roots, stems, cotyledons, and terminal buds. This finding

shows that the Optimized Protocol 2 has a better applica-

bility for other tissues from M. sieboldii than Protocol 8.

Table 1 Test result of total RNA extracted under different protocols

Lanes Protocol A260/A280 Highest RIN Yield (lg/g)

1, 2 1. TRIzol method 1.65 ± 0.02 Dd – 37 ± 0.8 CDd

3, 4 2. Modified TRIzol method 1.68 ± 0.03 Ccd 8.4 110 ± 20.9 Bb

5, 6 3. CTAB method 1.90 ± 0.05 Bb 6.9 156 ± 20.9 Ccd

7, 8 4. Modified CTAB method 1.85 ± 0.09 BCbc 6.7 83 ± 8.9 Dd

9, 10 5. SDS method 1.88 ± 0.04 Bbc – 114 ± 1.3 Bb

11, 12 6. HL – – –

13, 14 6. RL – – –

15, 16 7. CTAB combined with the TRIzol method 2.05 ± 0.03 Aa – 162 ± 10.8 Aa

17, 18 8. TRIzol combined with the CTAB method 1.89 ± 0.01 Bb 8.6 214 ± 13.4 Bbc

Results are expressed as the averages of three samples ± standard errors. Different lowercase and capital letters in the same column indicate

significant differences at p B 0.01 and p B 0.05, respectively. ‘‘–’’ means the RNA sample was of poor quality as shown by agarose elec-

trophoresis and was not tested

Fig. 2 Analyzed total RNA extracted with different protocols in the Agilent 2100 Bioanalyzer. a Protocol 2 (Test results after 5 times dilution);

b Optimized Protocol 2 (Test results after 5 times dilution); c Protocol 8 (Test results after 7 times dilution)
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Discussion and conclusions

The method for high-quality RNA extraction is difficult to

validate in molecular biological research on woody plants.

M. sieboldii seeds are characterized by deep dormancy and

contain complex metabolites. Extraction of its RNA is

challenging. We employed eight types of protocols which

cover CTAB, SDS, TRIzol and two types of pyrolysis

buffer of the RNAprep pure plant kit, to extract RNA from

M. sieboldii seeds. We found that the individual application

of each method failed to obtain high-quality RNA which

confirmed the difficulty in extracting RNA from this seed.

RNA extraction from plant tissues has been extensively

investigated. However, many of these methods are sample-

dependent because of the presence of a diverse array of

metabolites among different plant tissues. By contrast, the

TRIzol method is frequently used to extract total RNA

from plant tissues (An et al. 2015; Liu et al. 2014; Hack-

enberg et al. 2015). Nevertheless, in this experiment, we

utilized TRizol reagent to crack tissue cells, extract

Table 2 Test result of total RNA with different SSTE buffers in the modified TRIzol method

SSTE buffer Composition and concentration Ratio of A 260/A280 Yield (lg/g) Highest RIN

SDS (W/V, %) Tris–HCl

(lmol/L)

EDTA (lmol/L) NaCl (mol/L)

S1 0.5 10 1 1 1.58 ± 0.03 AaBbC 109 ± 23.7 Aa 8.4

S2 0.5 30 3 1.5 1.38 ± 0.06 Cb 101 ± 7.8 Aa 7.0

S3 0.5 50 5 2 1.42 ± 0.01 BaCa 148 ± 28.6 Aa 6.2

S4 1 10 3 2 1.62 ± 0.03 AaBb 109 ± 39.2 Aa 8.0

S5 1 30 5 1 1.46 ± 0.04 BbCa 168 ± 88.1 Aa 7.5

S6 1 50 1 1.5 1.52 ± 0.01 AaBb 132 ± 3.0 Aa 7.8

S7 1.5 10 5 1.5 1.47 ± 0.04 BbCa 99.8 ± 11.0 Aa 8.1

S8 1.5 30 1 2 1.62 ± 0.02 AaBb 72 ± 11.2 Aa 7.6

S9 1.5 50 3 1 1.58 ± 0.01 AaBbC 133 ± 4.8 Aa 7.9

S10 1 50 1 2 1.78 ± 0.04 Aa 155 ± 27.5 Aa 8.2

Results are expressed as the averages of three samples ± standard errors. Different lowercase and capital letters in the same column indicate

significant differences at p B 0.01 and p B 0.05, respectively

Fig. 3 Total RNA extracted with different SSTE buffers in Protocol 2, separated on an agarose gel (1.2%)
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chloroform: isoamyl alcohol, and precipitate isopropanol

precipitation (Protocol 1). We found that a considerable

amount of white insoluble substance precipitated together

with RNA (Fig. S2). However, agarose gel electrophoresis

using the turbid RNA sample also showed that the bands

were intact and bright (Fig. S2) with a low A260/A280

ratio of approximately 1.6. This demonstrates that the

integrity of the RNA sample extracted with the TRIzol

reagent was satisfactory but its purity was poor. This may

be related to M. sieboldii seeds as the leaves and flowers

contain more than 20 types of aromatic oils and numerous

terpenoids (Wu et al. 2010; Lim et al. 2002). Moreover,

seeds often contain a highly complex chemical composi-

tion and the chemical properties of some components were

similar to RNA, rendering the isolation of high-quality

RNA difficult. Li et al. (2011) also obtained similar find-

ings when they extracted total RNA from lily bulbs using

the TRIzol method and suspected that the white insoluble

substance may be polysaccharides. The A260/A280 ratio of

the inferior RNA sample greatly improved after re-sus-

Fig. 4 Analysis of agarose gel electrophoresis of the RT-PCR

product. M: marker (2000 bp); lane A: RT-PCR product of total

RNA isolated with Protocol 8; lane B: RT-PCR product of total RNA

isolated with Optimized Protocol 2

Fig. 5 Total RNA from

different tissues of M. sieboldii,

separated on an agarose gel

(1.2%). a Gel electrophoresis of

total RNAs extracted with

Protocol 8. b Gel

electrophoresis of total RNAs

extracted with the Optimized

Protocol 2. Lanes 1 and 8:

young root; lanes 2 and 9:

young stem; lanes 3 and 10:

cotyledon; lanes 4 and 11:

young leaf; lanes 5 and 12:

annual branch; lanes 6 and 13:

terminal bud; lanes 7 and 14:

petal
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pension in SSTE buffer and subsequent extraction (Proto-

col 2 and Optimized Protocol 2). We found that a high

concentration of NaCl is beneficial to obtain high-quality

RNA in SSTE buffer (Table S1).

Commercial kits have also been used in addition to the

TRIzol method and are convenient but display poor

applicability for tissues rich in secondary metabolites. In

this experiment, no high-quality total RNA was obtained

using the extraction buffer HL or RL (Protocol 6) of the

RNAprep pure plant kit from TIANGEN Biotech Co. Ltd.,

and visible gDNA contamination was even observed using

HL extraction buffer (Fig. 1). The use of SDS extraction

buffer to crack cells and high-concentration NaCl (Protocol

5) also did not result in the procurement of high-quality

RNA. This indicates that SDS is not suitable for the RNA

extraction of M. sieboldii seeds.

The test results show that the use of CTAB (Protocol 3,

Protocol 4, Protocol 7 and Protocol 8) consistently led to a

high ratio of A260/A280 (Table 1). Thus, CTAB can

remove polysaccharides, polyphenols, grease, and other

metabolic substances of M. sieboldii seeds. However, vis-

ible gDNA contamination was often observed (Fig. 1;

Protocol 3 and Protocol 4). Small RNA will be lost together

with gDNA if LiCl is used to specifically precipitate RNA

(Peng et al. 2014). Meanwhile, the cost will increase and

RNA yields may be reduced if DNase is used to digest

gDNA. Nevertheless, we attempted to find a low-cost

method to acquire high-quality total RNA and analyze

mRNA and small RNAs, including microRNA. This

method can also be used in other downstream molecular

applications. Thus, we used isopropanol rather than LiCl to

precipitate total RNA.

Considering the advantages and disadvantages of TRizol

and CTAB, we attempted to combine both methods to

overcome the drawbacks of both protocols. High-quality

total RNA was not obtained using CTAB with the TRIzol

method (Protocol 7) but by using TRIzol combined with

the CTAB method (Protocol 8), in which the order of the

two reagents was reversed. This phenomenon is probably

due to the fact that some metabolites may have remained in

the supernatant after centrifugation using CTAB extraction

buffer to crack tissues which participate in and hinder the

subsequent separation steps. However, these influential

metabolites could have been removed using TRIzol

reagents to crack tissues first, laying a foundation for

subsequent separation. This mechanism needs further

validation.

In conclusion, we found two simple, low-cost RNA

extraction methods (Protocol 8 and Optimized Protocol 2)

for M. sieboldii seeds. The methods efficiently yielded

high-quality RNA. TRIzol combined with the CTAB

method (Protocol 8) was more convenient, simple, and

stable than the optimized modified TRIzol method

(Optimized Protocol 2). However, the latter is also a good

choice and has better applicability for other tissues than the

former. High-quality total RNA with high purity and good

integrity was obtained through the two protocols. Its A260/

A280 and RIN could exceed 1.8 and 8.0 which are suit-

able for transcriptome sequencing, small RNA sequencing,

RT-PCR, qRT-PCR, and other downstream molecular

applications. Thus these protocols may be used by future

transcriptome studies.
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