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Abstract

Isolation of large amounts of high quality RNA from a limited amount of starting material is particularly difficult
if extracting from woody tissues of trees. Often the amount of starting material may be limited, when specific tissues
are harvested. There are no commercially available kits specifically developed and intended for isolation of RNA from
wood. RNA isolation from wood is difficult in general, and the high amount of resins and other secondary metabolites
in wood of Scots pine (Pinus sylvestris L.) make the isolation of nucleic acids particularly difficult. Due to the large
amounts of resins and other viscous substances in woody tissues of Scots pine, the use of column based extraction techniques
is risky because the columns can clog leading to total loss of irreplaceable sample and, in general, the concentration of
extracted RNA is low. In our experience, solution-based commercial kits like TRI Reagent (Life Technologies) and
cetyltrimethylammonium bromide (CTAB)-based extraction protocols for isolation of RNA from small amounts of wood
also did not yield sufficient amounts of RNA for further analysis. Our objective was to develop an improved method for
RNA extraction from small amounts of woody tissue of Scots pine (Pinus sylvestris L.). We describe a protocol for
isolation of RNA using the Thermo Scientific Genomic DNA isolation kit with a modified protocol, which has been used
to consistently isolate high quality RNA from small amounts of mature Scots pine phloem and xylem in our laboratory.
The extracted RNA is of sufficient quantity and quality for most down-stream applications, including gene expression
studies and high-throughput transcriptome sequencing. In addition, the extracted RNA also contained sufficient

concentrations of micro RNA and other small RNAs for further analysis.

Key words: RNA isolation, woody tissue, Scots pine, Pinus sylvestris L.

Introduction

Extraction of high quality RNA is a prerequisite
for determination of gene expression and other func-
tional genetic and genomic studies. Extraction of high
quality nucleic acids from plant tissues is more diffi-
cult than from animal and human samples due to the
tough plant cell wall, and the increased concentrations
of secondary metabolites and other compounds in
plant cells. These problems are exacerbated, when
extracting RNA from recalcitrant material such as
woody tissue from mature trees. Often, it is beneficial
to collect only a relatively small amount of tissue for
RNA extraction in order to minimize the amount of
different cell types harvested, and to avoid diluting
RNA expression signatures. In our experience, this can
lead to use of as little as 30 mg of starting material,
and typically less than 100 mg.

Extracted RNA can be described according to
concentration, quality and purity. Concentration can
be measured by spectrophotometric or spectrofluoro-

metric methods, using RNA-specific binding dyes. The
quality can be assessed by gel electrophoresis, or also
by RNA Integrity Number (RIN). RIN values range from
1 to 10, with 1 being the most degraded and 10 being
the most intact RNA samples. These values are based
on the size distribution of RNA molecules determined
by microcapillary electrophoresis (Schroeder et al.
2006). Purity of the RNA sample is also important, as
various contaminants can inhibit further analysis
steps, and DNA contamination can confound PCR and
other analyses. DNA contamination is usually assessed
by PCR amplification using gene intron-spanning prim-
ers that amplify differentially sized fragments from
genomic DNA and cDNA. Micro RNAs (miRNA) and
other small RNAs have been implicated in the regula-
tion of gene expression, and are increasingly being
investigated in plant species (Kruszka et al. 2012).
Therefore, an RNA extraction method that enables
recovery of both long and small RNAs is beneficial.

Isolation of nucleic acids from mature tree tissues
is known to be problematic, and various methods have
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been described (Le Provost et al. 2007, Verbylaite et
al. 2010, Lorenz et al. 2010, Rai et al. 2010, Siah et al.
2012). In our laboratory, we have utilised methods,
which allow the extraction of high quality (RIN > 7)
RNA from needles and a large amount (more than one
gram) of phloem (Rubio-Pina and Zapata-Pérez 2011).
However, commercial kits for RNA isolation and other
protocols failed to extract RNA of sufficient concen-
tration and total amount from less than 100 mg of
phloem or xylem of mature Scots pine. Protocols em-
ploying phenol, for example TriReagent, proved unsuc-
cessful for isolation of RNA from small amounts of
woody tissues of Scots pine in our laboratory.
Polyphenols can interact with RNA molecules after cell
disruption, and the use of phenol in RNA extraction
protocols can lead to diminished yields due to these
interactions (Schneiderbauer et al. 1991). The best RNA
extraction results in our laboratory were achieved using
a spin column based Ambion RNAqueous kit. The RNA
concentration obtained using this kit can be sufficient
but, unfortunately, when extracting RNA from woody
tissues, the spin columns can clog, leading to total loss
of the sample. In addition, column-based RNA extrac-
tion techniques do not efficiently isolate short
(<200bp) RNA molecules. Therefore, we developed a
high yielding solution-based protocol utilising a Ge-
nomic DNA isolation kit (Thermo Fisher Scientific
Baltics) with a modified and extended protocol in or-
der to extract RNA of high quality and yield and with-
out DNA contamination from woody tissues of Scots
pine. The described method can be used to extract
approximately 24 — 48 RNA samples in one day.

Materials and Methods

Fragments of wood (2 x 10 cm) were cut from a
mature Scots pine tree at breast height one week after
wounding. The samples were placed in liquid nitrogen
immediately after collection. Samples of phloem and
xylem were cut from the wood fragments for RNA ex-
traction.

For isolation of RNA the Thermo Scientific Genom-
ic DNA purification kit, originally intended for isola-
tion of DNA from 50 — 100 mg of plant tissue, was
used. This kit was chosen because in our experience,
it delivers constantly good yields of DNA when iso-
lating DNA from xylem of Scots pine as well as other
tree species (Luksiené et al. 2012, Skipars and Rungis
2011, Skipars et al. 2011). The procedure for isolation
of DNA involves sample lysis in lysis solution, phase
separation using chloroform, precipitation and wash
steps (see manual). The RNA extraction protocol us-
ing the Thermo Scientific Genomic DNA purification
kit is detailed below, with significant modifications and

additions introduced to the original protocol to im-
prove RNA integrity. Each step of the original proto-
col has been modified and additional steps introduced
for the extraction of RNA from small amounts of Scots
pine wood tissues. The most significant differences
compared to the standard DNA extraction protocol are
the use of RNase inhibitor and b-mercaptoethanol.
Chloroform was substituted with 1-bromo-3-chloropro-
pane (BCP). BCP is less toxic than chloroform and its
use for phase separation decreases the possibility of
DNA contamination (Chomczynski and Mackey 1995).
In addition, centrifugation times and incubation times
have been extended in order to improve the yield.

1. Tissue samples were ground in liquid nitrogen
using a Retsch MM 400 ball mill equipped with adapt-
ers for 2 ml centrifuge tubes. Samples frozen in liquid
nitrogen (LN) were cut into small pieces and placed
in 2 ml centrifuge tubes, a 5 mm diameter stainless steel
ball was added, the tube closed and placed into LN.
The adaptors were chilled in LN prior to the insertion
of the tubes into the adaptors. After insertion, the
adaptors containing sample tubes were chilled in LN
again, and then inserted into the ball mill. The sam-
ples were homogenised for two minutes at a frequen-
cy of 30 Hz. The adaptors were submerged in LN again
and the homogenisation repeated.

2. After homogenisation, 400 ml of lysis solution
(provided in the kit) and 200 ml of 1x TE buffer with
b-mercaptoethanol (BME) were added. The 1x TE buff-
er: BME ratio is 1 ml: 40 ml.

3. Samples were vortexed thoroughly and incubat-
ed at 65 °C for 30 minutes.

4. After incubation, 600 ml of BCP was added.

5. Samples were vortexed, and centrifuged for 20
minutes at 16,100 g at 4 °C.

6. The supernatant was transferred to new 1.5 ml
tubes (it is important to use conical end 1.5 ml tubes
otherwise problems could occur in the DNase treat-
ment step when removing supernatant).

7. 800 ml of precipitation solution (provided in kit)
was added (prepared by diluting 80 ml of the concen-
trate with 720 ml of molecular biology grade water).

8.40 U of RNase inhibitor (Thermo Scientific) were
added to the precipitation solution for each sample.

9. Samples were mixed gently, inverting tubes for one
minute, and centrifuged for 20 min at > 16,000 g at 4 °C.

10. After discarding the supernatant, the pellet was
re-suspended in 100 ml of NaCl solution (provided in
kit). It is possible that no pellet is visible at this stage.

11. 10 U of RNase inhibitor were added to each
sample.

12. 300 ml of cold (-20 °C) 96% ethanol was add-
ed, followed by incubation at -80 °C for one hour. If
required, this incubation could also be left overnight.
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13.Samples were centrifuged for 20 minutes at
16,100 g at 4 °C.

14. The supernatant was discarded, and 1 ml of
cold (-20 °C) 70 % ethanol added.

15. Samples were centrifuged for 20 minutes at
16,100 g at 4 °C.

16. The supernatant was removed, and the pellet
was air-dried for two minutes at room temperature.

17. The pellet was re-suspended in 50 ml of 1x TE
buffer with 10 U of RNase inhibitor added.

Two methods can be used to remove DNA con-
tamination — DNA digestion by DNase or precipitation
of RNA with LiCl. LiCl precipitation is very simple, yet
often two or even more precipitation steps could be
needed to remove the high amount of DNA, and the
concentration of RNA before the precipitation should
be at least 200 ng / ml. In addition, the yield of small
RNAs will be limited with the use of LiCl precipita-
tion. Treatment with DNase is preferable if there is
need to preserve small RNAs or the initial RNA con-
centration is below 200 ng / ml. Occasionally, the ini-
tial level of DNA contamination could be so large that
more than one DNase treatment would be necessary.
We suggest the use of Thermo Scientific DNase I fol-
lowed by inactivation by phenol:chloroform:isoamyl
alcohol precipitation (25:24:1).

DNase I digestion protocol:

It is preferable to utilise conical ended 1.5 ml
tubes because of the small volumes involved, and the
use of tubes with a larger diameter at the surface lev-
el of the sample could lead to problems in formation
of a stable supernatant phase.

1.3 U of DNase I and 5.9 ml of 10x DNase buffer
with MgCl, were added to 50 ml of the RNA sample.

2.4 U of RNase inhibitor were added to the DNase
solution for each sample.

3.Samples were incubated for 1 h at 37 °C.

4.60ml (one volume) of phenol:chloroform:isoamyl
alcohol mixture (25:24:1) were added, samples were vor-
texed, and centrifuged for 20 minutes at 16,100 g at 4 °C.

5.The supernatant was transferred to a new tube.

6.4 U of RNase inhibitor were added to each sam-
ple.

7.RNA samples were stored at -80 °C if not used
immediately.

The final concentration of RNase inhibitor recom-
mended by the manufacturer is 1 U / ml, however, the
final concentrations in the described method were low-
er, given that the levels of RNases in the solutions
were expected to be low.

Initial evaluation of RNA and DNA content in the
samples was performed by spectrofluorometry using
RNA and DNA specific fluorescent dyes (Qubit instru-
ment and reagents from Life Technologies). DNA and

RNA were quantified in the samples before and after
treatment with DN Ase 1. Following DNA removal, the
samples were tested for the presence of amplifiable DNA
by a PCR assay. The PCR assay for determination of
amplifiable DNA contamination (reaction volume 10 ml)
was: 1x Tag Buffer, 192 nM each primer, 1.5 mM MgCl,,
200 nM dNTP mix, 0.2 U Tag DNA polymerase (Thermo
Scientific), 1 ml of RNA solution. PCR conditions were:
95 °C 5 min; 40 cycles of 95 °C 305, 55 °C 35,72 °C
1 min; 72 °C 5 min. Primers used in this PCR assay were
5’- TGCGCAGGGTCCCTTTG -3’ and 5’- CACCAG-
GGCAGGTGAAGGT -3°. These primers amplify the
Scots pine thaumatin-like protein gene (NCBI accession
number: JX461338) and span an intron, therefore am-
plifying different length fragments from genomic DNA
and cDNA. PCR products were analysed by agarose gel
electrophoresis (1x TAE buffer, 2 % agarose) and visu-
alised using ethidium bromide.

RNA integrity number, RIN (Schroeder et al. 2006)
and RNA concentration was determined using the
Agilent 2100 Bioanalyzer and the RNA 6000 Nano as-
say following the manufacturer’s protocol. According
to manufacturer’s instructions the RNA 6000 Nano
assay can be used for RNA concentrations ranging
from 25 ng / pl — 500 ng / pl, although it is recom-
mended to use at least 50 ng / pl for a meaningful RNA
Integrity Number. When using lower concentrations,
increased variance of the RIN may be observed be-
tween samples. Agilent 2100 Bioanalyzer and the small
RNA assay were used to characterise miRNA content
in the obtained samples.

Results

RNA concentration

The amount of starting material for RNA extraction,
RNA and DNA concentration determined by spec-
trofluorometry before and after treatment with DNAse
I and RNA integrity number and RNA concentration
determined using the Agilent 2100 Bioanalyser are
shown in Table 1. The RNA samples obtained from
phloem (P2-P12) contained higher concentrations of
RNA in comparison to the xylem samples. There was a
moderate linear correlation between the amount of start-
ing material and RNA concentration in phloem (r = 0.67)
and xylem (r = 0.46) samples. Sample set P2-P6 and X1-
X6 was harvested and isolated in November, sample set
P7 — 12 and X7 — 12 was harvested and isolated in
December following the modified protocol, which in-
cludes use of RNase inhibitor. When the correlation of
these sample sets is analysed separately, it is clear that
either due to the season or other unknown factor the
level of correlation between starting amount of materi-
al and concentration (thus yield) of obtained RNA sam-
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Table 1. Properties of RNA samples ob- Sample Sample RNAconc. RNAconc. RNAconc RIN DNAconc. DNA conc.
tained in the initial experiment. "conc." is name mass,  before after after DNAse before after
concentration, "nd" is not detected (<1 mg DNAse DNAse treatment, DNAse DNAse
ng /pl), "nm" is not measurable. Samples :]rgj\tgwent, Er:?tlet, (npgg/” 21 t :]rgjitgent, :gitlr;ent,
P2-P6 and X1-X6 ’Wer'e .extr?cted without (Qubit) (Qubit) 2100) (Qubit) (Qubit)
the use of RNase inhibitor in the extrac-
tion and DNAse treatment workflow P2 30 156 161 125 42 2.8 4.67
P3 60 253 261 221 45 4.02 5.59
P4 80 374 358 307 4.3 5.11 6.13
P5 60 304 318 299 48 4.58 5.%4
P6 100 375 399 374 4.2 137 12
X1 40 216 225 22 49 265 2.7
X3 20 5.7 9.8 11 3.5 nd 1.67
X4 40 153 29.7 31 49 1.46 2.69
X5 30 23 276 28 47 534 5.19
X6 100 19 337 32 56 452 4.67
P7 50 134 6.2
P8 20 73 6.1
P9 60 67 6.4
P10 80 166 6.2
P11 90 190 7.1
P12 50 200 6.5
X7 20 3 nm
X8 50 11 5.7
X9 60 14 5.9
X10 70 16 53
X11 100 31 5.8
X12 90 16 6.2

ples can vary from moderate (» = 0.58) to very strong
(r=0.94). RNA concentrations in the phloem samples
were higher when measured with the Qubit fluorometer
compared to the values obtained with the Agilent 2100
Bioanalyser, while in the xylem samples, where RNA
concentrations were lower, the concentrations measured
by the two methods were more similar (Table 1). One
xylem sample (20 mg of starting material) did not yield
enough RNA for measurement of RIN (Table 1). All
phloem RNA samples, even those extracted from start-
ing material as low as 20 mg, contained RNA concen-
trations of at least 67 ng / ml after treatment with
DNase I. The highest observed RNA concentration was
374 ng/ml (Agilent 2100).

DNA contamination

Using the Qubit dsDNA assay kit, low concentra-
tions of DNA were measured both before and after
DNase treatment. In most samples, the measured DNA
concentration was in fact higher after DNase treatment.
The measured DNA concentrations were also similar
for both the phloem and xylem samples, even though
the RNA concentrations were much lower in the xy-
lem samples, indicating that the measured DNA con-
centrations are at the lower limit of detection and are
probably a result of background noise. The highest
DNA concentration was measured in the sample P6
(13.7 ng / ml). Presence of DNA contamination in the
RNA samples was also tested by PCR before and af-
ter DNase treatment (Figure 1). Before DNAse treat-

A

P2| P3|P4 | P5| P6 | X1| X3| X4| X5| X6|NC

P4 |P5| P6 | X1| X3| X4| X5(X6 | NC

Figure 1. PCR assay of DNA contamination. A is PCR prod-
ucts from untreated RNA samples. B is PCR products from
samples treated with DNAse I. NC is no template control,
lanes on left and right contain GeneRuler 100 bp Plus DNA
ladder (0.5 pg / lane). Presence of a band at ~ 850 bp indi-
cates presence of DNA contamination in PCR template
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ment, DNA contamination was detected by PCR in
almost all samples, with the exception of sample P3
(possibly due to the presence of PCR inhibitors). The
substitution of BCP for chloroform resulted in a smaller
amount of DNA contamination (data not shown), which
could be due to the formation of a more stable inter-
phase containing the DNA. After DNase treatment, no
DNA contamination was detected in any of the sam-
ples, with the exception of sample X5. The presence/
absence or intensity of PCR fragments was not corre-
lated with the concentration of DNA measured with
the Qubit fluorometer. Xylem samples contained com-
paratively high amounts of contaminating DNA prior
to DNase treatment.

RNA quality

Another important parameter of RNA samples be-
sides concentration is the quality of RNA, which de-
termines the range of applications that the extracted
RNA can be used for. As RNA is very labile in compar-
ison to DNA, degradation of RNA can occur rapidly,
with severe impacts on the quality of the RNA. The
integrity of RNA samples can be determined qualitative-
ly by gel electrophoresis, or quantitatively by determi-
nation of the RIN using the Agilent 2100 Bioanalyzer.
The higher RNA concentrations in the phloem samples
can be clearly seen in comparison to the xylem samples
(Figure 2). Lanes 11 and 12 represent samples P3 and
P4 prior to DNase treatment. When no RNase inhibitor

[s] [s]

Ladder P2 P3 P4 P5 P6 X1 X3 X4 X5 X6 P3u Ph
64 — - 64
62 - -62
60 - =60
58— -s8
56 - -56
54 - =54
52 - =52
50 - -50
48 — . 48
I S — —— — — — 10
44— - 44
42 — w— -2
e —— ——— s ——
wi_ -3
36 - -3
34 - =34
32 - — -3
330 - -30
®-" -28
26— -2
24— -24
2o ——— -2
20 - -20
18- L
16 - _16

Figure 2. “Gel image” view of electropherograms of micro-
capillary electrophoresis of RNA samples in the Agilent 210
Bioanalyzer. The lower band present in all samples (at ap-
proximately 22 s) is the electrophoresis marker. The marker
and the ladder are included in RNA 6000 Nano total RNA
kit. The band at approximately 41 s represents 18 S and the
band at 46 s represents 25 S ribosomal RNA subunit.

was used, the average RIN value for phloem samples
was 4.40 and the maximum difference in RIN values
between DNase-treated phloem RNA samples was 0.6.
The xylem RNA samples had a lower RNA concentra-
tion and a higher variation in RIN values (average =
4.72, max. = 5.6; min. = 3.5). Modification of the RNA
isolation protocol by addition of RNase inhibitor to the
precipitation solution, NaCl solution, TE buffer and
DNAse treatment increased the RIN values of DNase
treated phloem RNA samples to an average value of 6.42
(range 6.1-7.1). The average RIN value of xylem RNA
samples was increased to 5.78 (range 5.3 - 6.2). The
inter-sample variation of RIN values for both phloem
and xylem samples was low — the differences between
samples with highest and lowest RIN values are 0.9 (X7
- X12) and 1.0 (P7-P12).

Micro RNA

In addition to analysis of total RNA, small RNA
concentrations in the samples (P7 - P12) were analysed
with the Agilent 2100 Bioanalyser. The proportion of
small RNAs was 8-25 % (average 13.5 %) (Table 2).
The minimal proportion of miRNA is 0.5% for down-
stream use in miRNA sequencing on the Ion Torrent
platform without the need for miRNA enrichment, ac-
cording to the Ion Total RNA-Seq Kit v2 protocol.

Table 2. Results of measurements of miRNA contents and
concentration in phloem samples using Agilent 2100 Bio-
analyzer and the small RNA assay

Sample Concentration of miRNA in miRNA content (%)

name sample, pg / ul

p7 2869.90 14

P8 1981.20 25

P9 1161.60 12

P10 2302.40 11

P11 3536.50 8

P12 1651.10 11
Discussion

This report describes a robust method for extrac-
tion of RNA of appropriate quality and quantity for
downstream applications such as qPCR and transcrip-
tome sequencing from woody tissues of Scots pine.
The robustness of this method is illustrated by the
correlation between amount of starting material and
RNA concentration in obtained samples, the low var-
iation of RIN values between samples. Using the de-
scribed method it is possible to obtain RNA of utilis-
able amount and quality from a small starting amount
of woody tissues, which are recalcitrant to RNA ex-
traction.
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RNA concentration

The amount of extracted RNA from both phloem
and xylem should be sufficient for many further appli-
cations. The minimal concentration for library construc-
tion for RNA sequencing (transcriptome analysis) using
the IonTorrent platform is 50 ng / ml using the Ion Total
RNA-Seq Kit v2 (Life Technologies). The differences
in measurements of RNA concentration using differ-
ent instruments may have been due to technical dif-
ferences in the RNA measurement methods. Pipetting
errors may also be a factor, as one ml of sample is
measured using the Agilent 2100 instrument while two
ml of sample were measured using the Qubit instru-
ment.

DNA contamination

DNA contamination was successfully removed by
DNase digestion (with the exception of one sample).
The reason for DNA contamination remaining in this
sample was not immediately obvious. The presence of
DNA contamination should be tested using PCR, as
this is ultimately more accurate and sensitive than
measurement of DNA concentrations in RNA by fluor-
ometric methods.

RNA quality

The RIN values obtained for the RNA samples
extracted using the described protocol indicate that the
quality of the RNA is sufficient for applications such
as gene expression analysis using both intercalating
dye- and probe-based qPCR. It has been reported that
RIN values of higher than five indicate good total RNA
quality and RIN values exceeding eight indicate ideal
RNA quality for downstream applications (Fleige et al.
2006). It has also been reported that normalisation of
gene expression data using endogenous controls re-
duces the influence of RNA degradation on results,
indicating the significance of normalisation. Caution
is still necessary when relying on endogenous con-
trols for normalisation as poor integrity of RNA can
increase the variability of qPCR results of these con-
trols (Vermeulen et al. 2011). Yet, to our knowledge,
there are no strict criteria stating minimum RIN val-
ues for accurate qPCR gene expression analyses. Op-
tiz et al. (2010) suggest that a RIN of 5 and higher can
be used successfully in human gene expression pro-
filing by microarray analysis with some specific pre-
cautions. In addition, there are reports of RIN-based
gene expression data normalisation (Ho-Pun-Cheung
et al. 2009, Viljoen and Blackburn 2013). The RIN val-
ues obtained using the method described in this re-
port are quite uniform for the phloem RNA samples.
RNA concentrations extracted from xylem samples were
lower and had a higher variation in RIN values, which

could be due to the structural heterogeneity of xylem
tissue. Requirements for RNA to be used for prepara-
tion of whole transcriptome libraries using the Life
Technologies Ton Total RNA-Seq Kit v2 are high RNA
quality and RNA concentration of at least 50 ng / ml.
Our improved protocol matches or nearly matches
these criteria. RNA quality and yield may possibly be
further improved by increasing RNase inhibitor con-
centration in the RNA isolation steps, increasing EDTA
concentration during the lysis stage and use of ther-
mo stable RNase inhibitors during the lysis step. In-
creased temperature and presence of divalent metal
ions can facilitate the hydrolysis of phosphodiester
bonds between ribonucleotides (AbouHaidar and
Ivanov 1999), and usually EDTA is used to remove
divalent metal ions. The Lysis solution from the Ge-
nomic DNA purification kit — TAE buffer mixture con-
tains EDTA, but the concentration is not given. An-
other possible source of RNA degradation during the
lysis step is activity of heat-tolerant RNases. A heat-
tolerant RNase inhibitor like RNasin Plus (Promega)
could provide additional inhibition of RNases during
the tissues lysis step. However, inhibition of RNA
degradation prior to the lysis step is difficult, as
woody tissue is extremely hard to cut and some thaw-
ing of the samples is inevitable.

Micro RNA

The described RNA extraction protocol also allows
for the isolation of small RNAs, suitable for miRNA
sequencing. Analysis of miRNAs is often combined
with sequencing of messenger RNA, and expression
analysis of both types of RNA enables a more thor-
ough insight into molecular genetic processes and
interactions. The advantage of the described extrac-
tion protocol is that both longer and short RNA frag-
ments are efficiently recovered.

Comparison with other methods

The most direct comparison of this method with
previously described extraction methods could be
made with the protocol described by Le Provost et al.
(2007), which also utilises small amounts (100 — 200
mg) of forest tree species tissue for RNA extraction.
Unfortunately RIN values were not utilised in this
study and data showing the relationships among sam-
ple mass, tissue type and corresponding RNA concen-
tration (or total amount) and presence / absence of
DNA are not shown. Siah et al. (2012) compared dif-
ferent methods for isolation of RNA from mature wood
tissue, clearly showing that a method well suited for
one species might not be appropriate for other spe-
cies. Kiefer et al. (2000) refered to unsatisfactory re-
sults obtained with commercial kits and described a
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CTAB-based protocol in conjunction with a commer-
cial kit for extraction of RNA from recalcitrant plant
tissues. These reports, describing the efficacy of a
particular RNA extraction protocol in a range of spe-
cies, indicate that the amount and quality of extract-
ed RNA can vary widely between species, and that
RNA extraction protocols must be optimised for each
species and tissue type.

Conclusion

We describe an RNA extraction protocol based on
the Thermo Scientific Genomic DNA purification kit,
which enables the isolation of a large amount of RNA
without genomic DNA contamination from small
amounts of phloem tissue and acceptable amounts of
RNA from a small amount of xylem tissue harvested
from mature Scots pine trees. The quality of the ex-
tracted RNA is sufficient for most down-stream appli-
cations, including real-time PCR analysis and high
throughput transcriptome sequencing.
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METOJ BBIJEJEHHUS BBICOKOKAYUECTBEHHOM OBIIEMA PHK M3 MAJIOTO
KOJHUYECTBA JIPEBECHUHBI COCHBbI OBLIKHOBEHHOU

B. lIkunapce, U. Illnencre, b. KpuBmane, U. BeiinGepra, I. Pynbruc

Pesiome

Brigenenue Oonpmux konuyecTB BbicokokadecTBeHHOW PHK, mcmonb3yst orpaHH4eHHOE KOJUYECTBO MCXOJIHOTO
MaTepuasia, 0COOEHHO 3aTpyIHUTENBHO, €CJIM UCXONHBIH Marepuan — ApeBecuHa. YacTo KOJIMYECTBO MCXOTHOIO Marepuaia
OTpaHUYEHO, Korna oOpasel] JOJDKEH CoJepiKaTh crnenupuieckue TKaHU. Vcronb30BaHNe KOMMEpPYECKHX HaOOpOB,
OCHOBBIBAIOIINXCS HA MCIOIB30BAHUU IIPOTOYHBIX KOJIOH C (DMIIBTPaMH, PAUCKOBAHHO M3-3a TEHICHIINHU 3aCOPEHHS KOJIOH, YTO
MOJKET IPUBECTH K MOTEpH HEe3aMEHHMOTo 00pasiia, KpoMe TOro, 0OBIYHO KOHIICHTpalus BBIACICHHON TakuM obpazom PHK
oueHb Mana. Ham onsIT paboTsl ¢ Habopamu 1i1s BeiaeneHust PHK Ha ocHOBe pacTBOpPOB He MPUBEN K JKeIaeMOMY Pe3ylbTaTy
no kosmuectBy U kKadectBy PHK. Llenp Hamero nccienoBanus — pa3paboTars ynydmeHHbIH MeTon s Beiaenenns PHK u3
MaJioro KOJM4YeCcTBa JPEBECHBIX TKaHel. Mbl HCIONB30BaH KOMILIEKT ,,Genomic DNA isolation kit” mpou3BoicTBa KOMIIaHUU
“Thermo Scientific” ¢ m3MeHEHHBIM HpoTOKOIOM Ui BhAeneHuss PHK; sTor MeTon mokasan craOuUIIbHBIE pe3yJbTaTHI,
MI03BOJISIS BBILACIATH BhICOKOKadecTBeHHYI0 PHK 13 Tkane# (u105MbI 1 KCHIIEMBI 3pelioif cOCHBI OOBIKHOBEHHOI. Brinenennas
PHK xapakrepu3syeTcst JOCTaTOYHBIM Ka4eCTBOM U KOJMYECTBOM M NPUTOJHA Ui OOJIBIIMHCTBA BUIOB MPUMEHEHHS, B TOM
qucie Ui aHAJIW30B SKCIPECCUU TE€HOB M CEKBEHHPOBAHUS TPAHCKPUIITOMA, UCIONb3YS! CEKBEHATOPhl HOBOT'O TOKOJICHHSL.
Kpowme Toro, Beigenennas PHK Taxxe conepkut nocratounsle koHueHTpanuu Mukpo-PHK u npyrux HHM3KOMOneKyIspHBIX
PHK 1 nocnenyromux aHaIu30B.

KiroueBrble cioBa: Beigenenne PHK, Tkanu npeBecuHbl, cocHa OOBIKHOBEHHas, Pinus sylvestris
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