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Abstract: The conditions required for the isolation of high quality total RNA
from European linden (Tilia cordata) leaves and pollen were determined. Pure
total RNA was isolated from linden leaves utilizing a Qiagen plant mini kit,
while the total RNA isolated from linden pollen using this method was de-
graded. Successful isolation of total RNA from both linden pollen and leaves,
however, was achieved following TRIzol™ preparation of the total RNA. The
total RNA isolated using TRIzol™ was contaminated with genomic DNA but
treatment with the enzyme DNase, in solution or on-column, efficiently
removed the genomic DNA. Furthermore, the conditions for the elimination of
genomic DNA contamination on-column and isolation of pure total RNA from
leaves were optimized. The isolated total RNA from both leaves and pollen
was used successfully in first- and second-strand cDNA synthesis reactions and
in a reverse transcription polymerase chain reaction (RT-PCR), demonstrating
that the total RNA isolated using this method was functional. In conclusion,
pure and functional total RNA from T. cordata |eaves and pollen (27.8+7.9 ug
gl leaves, 25.7+1.1 pg g pollen) could be obtained and was suitable for
application in further molecular biology studies.
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INTRODUCTION

The European species of linden, Tilia cordata, is the most common species
of Tilia.1 The outer layer of the linden pollen grain is composed of a complex po-
lymer of carotenoids and carotenoid esters, which are quite resistant to chemical
and biological decay. In addition to carotenoids, linden pollen also contains pro-
teins, nucleic acids, carbohydrates and lipids, making it a complex biochemical
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source.2 The European linden pollen is highly allergenic.34 Seasonal exposure to
alergensin linden pollen can cause asthma, alergic rhinitis and allergic conjunc-
tivitis.3> A study assessing the aeroallergen sensitization in an allergic popu-
lation in Portugal found that linden tree is one of the most representative aero-
allergens.® Contact dermatitis due to T. cordata has also been documented.”8

Hitherto, very little biochemical research has been realized on the molecular
properties of T. cordata leaves and pollen. Genetic analysis revealed that T. cor-
data has a disomic inheritance despite being an allopolyploid.® Regarding protein
analysis of T. cordata, a putative 50 kDa allergen was isolated from linden pollen
but has not yet been fully characterized.> An attempt was made to isolate RNA
from T. cordata leaf and flower.10

To utilize molecular biology techniques in order to prepare a complementary
DNA library from T. cordata genes, it is necessary to obtain a large quantity of
pure and functional total RNA. In the present paper, a method for the tota iso-
lation of pure and functional RNA from T. cordata leaves and pollen is reported.
Furthermore, the optimized conditions for the isolation of functional total RNA
from both leaves and pollen of T. cordata are described.

EXPERIMENTAL

Chemicals. The RNeasy plant mini kit was from Qiagen (Hilden, Germany). TRIzol ™
was from Invitrogen (Carlsbad, CA, USA). The enzymes DNase, DNA polymerase | and
RNase H were from Qiagen, Stratagene (La Jolla, CA, USA), and Invitrogen, respectively.
The RNA marker was from Sigma (St. Louis, MO, USA). The molecular biology reagents
were supplied by Fermentas (Burlington, Canada), Invitrogen, or Qiagen. All other chemicals
were from Sigma. T. cordata leaves were collected and stored at —80 °C, while the linden
pollen was a generous gift from the Torlak Institute of Virology, Vaccines and Sera, Belgrade,
Serbia.

Isolation of total RNA. For the total RNA isolation using the Qiagen RNeasy plant mini
kit, up to 100 mg linden leaves or pollen were ground in liquid nitrogen, lysed, homogenized
and applied onto spin columns according to the Qiagen protocol. The spin columns were elu-
ted using 40 ul RNase-free water. For total RNA isolation using TRIzol ™, from 300 mg up to
1 g linden leaves or pollen were used as the starting material and isolation was performed
following the manufacturer’s instructions. The obtained RNA pellet was resuspended in 150
or 200 pl RNase-free water per 300 mg leaves or pollen, respectively, and stored at —80 °C.

For DNase treatment in solution, 50 pl TRIzol ™-prepared total RNAs were incubated
with 2.5 ul of the stock solution (10 U pl-1) of DNase for 15 min at room temperature
followed by application onto a Qiagen spin column. For on-column DNase treatment, various
amounts of isolated total RNA were applied onto Qiagen spin-columns and 10 pl of the stock
solution of the DNase enzyme were added directly onto the column and incubated at room
temperature for 15 min. Following on-column DNase treatment, the spin columns were
washed and the total RNA eluted according to the Qiagen protocol.

The profile of total RNA was determined by agarose—-formaldehyde denaturing electro-
phoresis 10

RNA purity, concentration and yield quantification. Concentration and purity of RNA
were determined by measuring the absorbance at 260 nm (Aygo NM) and the ratio between the
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ISOLATION OF TOTAL RNA FROM T. cordata 1005

absorbance values at 260 nm and 280 nm (Aygo/Aogg), respectively. To determine the concen-
tration of RNA, the following formula was used: Aygpx44 ug mL-Ixdilution factor.11

Total RNA isolated from linden leaves and pollen using TRIzol ™ was used for first- and
second-strand cDNA synthesis following the manufacturer’s protocol (Stratagene).

Reverse transcription polymerase chain reaction (RT-PCR). Following first-strand cDNA
synthesis reaction using total RNA isolated from leaves or pollen as the template, RNase H
digestion was performed by incubating at 37 °C for 20 min. The PCRs were set up as follows:
5 ul RNase H-digested single stranded cDNA, 5 ul 10xPCR buffer, 4 ul 25 mM MgCl,, 1 ul
10 mM dNTP mix, 1 pl (10 uM) of each primer (forward and reverse), 4U recombinant Pfu
polymerase, and water up to 50 pl. After initia incubation at 95 °C for 2 min, 35 cycles of
PCR amplification were performed with the following cycling parameters: 95 °C (30 s), 55 °C
(2 min), 72 °C (2 min). A fina extension at 72 °C for 5 min was performed. In order to am-
plify a fragment of the actin gene in T. cordata, the following actin primer sequences were
used according to van den Berg et al:2 actin primer (forward): 5'-ACCGAAGCCCCT-
CTTAACCC-3' and actin primer (reverse): 5-GTATGGCTGACACCATCACC-3. Following
RT-PCR, aliquots of the samples were migrated by 2 % agarose gel electrophoresis.

RESULTS AND DISCUSSION

Hitherto, only one article has been published describing an attempt to isolate
total RNA from various plant sources, including the leaves and flower of T. cor-
data.13 In that study, the authors did not specify the yield of total RNA obtained.
Furthermore, an Aogoogp Of 1.1 was reported for the total RNA isolated from
leaves and flower, which is a value much lower than that expected for pure RNA
(usually an Aogo/2g0 in the range of 1.9 to 2.1), suggesting that the RNA isolated
was impure.

In the present study, total RNA was initialy isolated from the leaves of T.
cordata using a Qiagen RNeasy plant mini kit. Agarose-formaldehyde gel elec-
trophoresis showed distinct RNA bands, indicating that RNA molecules of va-
rious sizes had been isolated and that no RNA degradation had occurred (Fig.
1A). Total leaf RNA was isolated and eluted from the Qiagen spin-column using
50 mg of the starting material; however, a higher yield of total RNA was ob-
tained using 100 mg of the starting material (Fig. 1A). Furthermore, an increased
yield of total RNA was observed when the leaf lysates were incubated at 65 °C
instead of 56 °C (Fig. 1A). As recommended in the protocol for Qiagen RNeasy
plant mini kit, re-elution of the spin-column increased dlightly the yield of iso-
lated total RNA (data not shown). On the other hand, agarose—formaldehyde gel
electrophoresis for the total RNA isolated from T. cordata pollen indicated RNA
degradation (Fig. 1B). Even under conditions which seemed to improve the yield
of total RNA isolation from leaves, using a higher amount of starting material
(100 mg) or increasing the temperature during lysis of the sample (65 °C), the to-
tal RNA isolated from pollen was completely degraded (Fig. 1B).
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Fig. 1. Electrophoretic profile after isolation of total RNA from linden leaves and pollen using
Qiagen plant mini kit. Total RNA from 50 or 100 mg of T. cordata leaves or pollen was
purified with a Qiagen plant mini kit. The RNA samples were analyzed by 1.2 % form-

aldehyde—agarose electrophoresis and ethidium bromide staining. RNA marker, RNA

control (1.6 kb), and/or DNA marker were run as size standards. T. cordata leaves (A)

or pollen (B) were ground in liquid nitrogen and lysates were incubated at 56 or 65 °C
for 5 min prior to homogenization and application onto Qiagen spin columns.

Subsequently, total RNA isolation using the commercia reagent TRIzol ™
followed by chloroform extraction and 2-propanol precipitation was attempted.
Using this method, total RNA was isolated from both linden leaves and pollen
(Fig. 2) However, the total RNA obtained using this method was contaminated
with genomic DNA. In order to eliminate the genomic DNA, DNase treatment
was performed in solution or on-column, and total RNA was eluted after Qiagen
RNA column clean-up. DNase treatment, both in solution and on-column, was
effective in removing the genomic DNA, whereby the total RNA isolated from
either leaves or pollen remained intact (Fig. 2).

The yields of total RNA isolated from leaves and pollen after DNase treat-
ment to remove the genomic DNA contamination were 27.7 ug g for leaves
and 25.7 pg g1 for pollen. The isolated RNA was of adequate purity (average
AosolAogp of 1.91 for leaves and 1.94 for pollen). Before DNase treatment, the
total RNA isolated from both leaves and pollen was impure with average
Aoeo/Aogp values of 1.58 and 1.11, respectively (Tablel).

While the yields of isolated total RNA from T. cordata leaves and pollen
were similar, the relatively low yields of isolated total RNA compared to the total
RNA isolated from other plant sources can be explained by the fact that linden
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ISOLATION OF TOTAL RNA FROM T. cordata 1007

represents a difficult source due to its chemical and molecular composition. Lin-
den pollen is an especialy difficult starting material because it contains a variety
of molecules, including carotenoids, flavonoids, phenols and lipids, all of which
can make the RNA isolation process difficult. Indeed, the isolation of the RNA
from T. cordata pollen with the Qiagen plant mini kit, unlike from T. cordata
leaves, was unsuccessful, rendering almost completely degraded RNA (Fig. 1B).
Furthermore, even using TRIzol™, which allowed for the successful isolation of
total RNA from both leaves and pollen, some RNA isolated from pollen was still
degraded. Hence, T. cordata leaves and pollen probably differ in their molecular
composition and may require different strategies for the most effective bio-
chemical manipulation and possibleimprovement in the yield of isolated total RNA.

leaves pollen
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Fig. 2. Electrophoretic profile after isolation
of total RNA from linden leaves and pollen
using TRIzol™. T. cordata leaves or pollen
(300 mg) were ground in liquid nitrogen and
the total RNA was isolated using TRIzol ™
and chloroform extraction. DNase treatment
was performed either in solution or on-
column. The RNA samples eluted after
Qiagen on-column clean-up were analyzed
by 1.2 % formaldehyde—agarose electropho-
resis and ethidium bromide staining. RNA and
DNA markers were run as size standards.

TABLE I. Concentration and purity of the total RNA isolated from T. cordata leaves and
pollen with TRIzol ™, before and after treatment with DNase (in solution or on-column)

Specimen Sample Aoer/Aogg
Leaves TRIzol™ 1.58+0.19
After DNase treatment in solution 1.74+0.09
After DNase treatment on-column 1.91+0.05
Pollen TRIzol™ 1.11+0.16
After DNase treatment in solution 1.71+0.29
After DNase treatment on-column 1.94+0.21
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The next goal was to optimize the isolation of total RNA and elimination of
genomic DNA using on-column DNase treatment. Up to 100 ug RNA can be
loaded onto Qiagen plant mini kit columns and hence the optimal amount of TRI-
zol ™-prepared total RNA that could be loaded onto a Qiagen spin column in
order to efficiently remove the genomic DNA and isolate the highest possible
amount of pure total RNA was determined. Various amounts of TRIzol ™-pre-
pared total RNA isolated from T. cordata leaves, ranging from 25 up to 150 ul,
were applied onto Qiagen spin columns, treated with DNase enzyme for 15 min
at room temperature, and eluted with RNase-free water. Samples from each on-
-column treatment were loaded and migrated on 1 % agarose gel. Genomic DNA
was efficiently removed and pure RNA that was not degraded was obtained with
samples, ranging from 25 to 150 pl, of TRIzol ™-prepared total RNA applied for
on-column DNase treatment (Fig. 3A). However, the optima amount of TRI-
ZOL ™-prepared total RNA applied for on-column DNase treatment that resulted
in the highest yield of eluted RNA was 100 ul (Fig. 3A). Furthermore, using
three independent measurements of total RNA concentration by spectrophoto-
metry (Aogo), it was confirmed that applying 100 pl of TRIzol ™-prepared RNA
for on-column trestment was an optima amount (Fig. 3B). Interestingly, for
amounts over 100 ul of TRIzol™-isolated total RNA applied on-column, there
was a decrease in the yield of isolated pure RNA.

I DNA markers
 TRIzol™

Concentration, pg/mL

0 50 100 150
V/uL

(A) (B)

Fig. 3. Electrophoretic profile after optimization of the total RNA isolation following on-
-column DNase treatment. DNase treatment was performed on Qiagen mini spin columns
after applying 25, 50, 75, 100, 125, or 150 ul of the total isolated RNA. A) Total RNA
samples were analyzed by 1 % agarose el ectrophoresis and ethidium bromide staining. DNA
markers were run as size standards. B) Yield of total RNA eluted (ug mL-! eluted volume)
after on-column treatment with DNase, determined by measuring the concentration
of eluted RNA using spectrophotometry (Aggo)-
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ISOLATION OF TOTAL RNA FROM T. cordata 1009

Concentration and purity of total RNA isolated from leaves and pollen using
TRIzol™, before and after DNase treatment, on-column or in solution, were
determined by measuring in triplicate the absorbance at 260 nm (Aogg) and the
ratio between absorbance at 260 and 280 nm (Aggo/Aogo), respectively. However,
following DNase treatment on-column, the isolated RNA was pure with an ave-
rage Aggo/Azgo Of 1.91 for leaves and 1.94 for pollen. In terms of concentration,
the Aogg values of the TRIzol ™ samples prior to DNase treatment were not taken
into account because the contamination with genomic DNA obvioudly leads to
overestimation of the real RNA concentration. Three measurements of the Aogg
value following on-column DNase treatment were used to calculate the average
concentration of eluted total RNA following on-column DNase treatment, which
was approximately 55.4+15.8 ug mL—1 for the total RNA isolated from leaves
and 38.6+2.2 ug mL-1 for the total RNA isolated from pollen (Fig. 4A). These
concentration values were further used to determine the average yield of isolated
total RNA and a yield of 27.7+7.9 ug g starting material was obtained for
leaves compared to 25.7+1.1 ug g1 starting material for pollen (Fig 4B).
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Fig. 4. Concentration, purity, and yield of total RNA isolated from T. cordata |eaves and
pollen. A) Concentration of total RNA (ug mL-1) isolated from T. cordata leaves or pollen
using TRIzol™ and digested on-column with DNase enzyme. B) Yield of total RNA (ug gt
of starting material) isolated from T. cordata leaves or pollen using TRIzol™ and digested on-
column with DNase enzyme. Values were obtained using RNA samples
from different isolations and three independent measurements.

To check the functionality of the isolated RNA, cDNA synthesis was per-
formed using the total RNA isolated from linden leaves or pollen as a template.
Using total RNA isolated from leaves with TRIzol™ and digested on-column
with DNase, first- and second-strand cDNA synthesis reactions were performed,
which resulted in the synthesis of single- and double-stranded cDNA, respecti-
vely, as shown by the broad range smears on the agarose gel after electrophoresis
(Fig. 5A). Similar results were observed using total RNA isolated from linden
pollen (Fig. 5B). To confirm further the functionality of the RNA preparations,
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isolated total RNA was used in an RT-PCR reaction aimed at detecting and am-
plifying a fragment of the actin gene in T. cordata leaves and pollen (Fig. 5C).
Indeed, a PCR-amplified fragment of identical size of less than 250 bp was ob-
served in the RT-PCR using either total RNA isolated from leaves or pollen as
template, showing that the isolated total RNA was functional.
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Fig. 5. Electrophoretic profile during cDNA synthesis and RT-PCR using total RNA isolated
from T. cordata leaves and pollen. A) Total RNA isolated from T. cordata leaves using
TRIzol™ was digested on-column with DNase and used as the template for first- and second-
strand cDNA synthesis. B) Total RNA isolated from T. cordata pollen using TRIzol ™ was
digested on-column with DNase and used as the template for first- and second-strand cDNA
synthesis. C) RT-PCR to amplify afragment of the actin gene was realized using total RNA
isolated from leaves or pollen. The samples were analyzed by 1 % agarose (A and B)
or 2 % agarose gel electrophoresis (C) and ethidium bromide
staining. DNA markers were run as size standards.

CONCLUSION

In the present paper, conditions for the isolation of functional RNA from T.
cordata leaves and pollen are reported. This is the first report of the isolation of
total RNA from T. cordata pollen. The total RNA isolated from leaves and pollen
using TRIzol™ and DNase on-column digestion was functional, as confirmed by
cDNA synthesis and RT-PCR reactions of the linden leaves and pollen actin gene
(Fig. 5C). Stemming from these results, it was demonstrated that it is possible to
isolate RNA from T. cordata leaves and pollen and, furthermore, that the ob-
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ISOLATION OF TOTAL RNA FROM T. cordata 1011

tained total RNA could be of use for further molecular biology research aimed at
characterizing the biochemical properties of T. cordata.
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U3BOJ

N30JIOBALE ®YHKIHMOHAJIHE YKYITHE PHK U3 JIMIITRA
W TTOJIEHA JIUIIE (Tilia cordata)

JAHA OFI—LEHOBI/IE1, ZIYAD OMAR TANTOUSHi, PATKO JAHKOBl, TAFA RHPKOBWR BEJTHUKOBHR'
u JEJIEHA BYKMI/IPI/IL[/-\Z

"Hemijski fakultet, Univerzitet u Beogradu, Studentski trg 16, 11000 Beograd u *Faculty of Medicine,
University of Ottawa, 451 Smyth Rd. Ottawa, Ontario, Canada

YcnocrasseHH Cy ycioBHM 3a u3onoBawme ykynHe PHK w3 numwha u monena esporncke
nune (Tilia cordata). Kopuurhemem KOMepLHjalHO AOCTYNHOT Tpudopa 3a usonosawe PHK u3
Omspaka M30710BaHa je yMcTa yxynHa PHK w3 numha nune, nok je kopumhemem UCTe METOfe
nobujeHa nerpagupana PHK u3 nonena nume. Ycnemno usonoBawe PHK u3 nuurha v monexa
je nodujeno kopuurhewem TPU3om peareHca. PHK u3omoBaHa 0BUM METOIOM je KOHTaMH-
HupaHa reHomckoM JHK, koja je ycremHo enuMuHncaHa kopuurhewem ensuma JHase. lame
Cy ONTHMH30BaHU M yCJIOBH yKilamama reHomcke JHK nomohy JTHase. Mi3onoBaHa ykynHa
PHK u3 oda u3Bopa je fa/be yCIEIHO UCKOPULINEHa 3a CHHTE3y IPBOT U APYTOT JIaHLa KJIOH-
cke THK, xao 1 y peBepaHo-TpaHckpunTrBHOj PCR peaxuuju, nokasyjyhu Tume fa je kopuui-
hemem oBor MeTozma usosnoeana ¢yHkHoHanHa ykynHa PHK. ¥V 3akmyuky, nodujena je uucra
1 pyukuvonansa PHK us numha u nonena T. cordata (27,8+7,9 ng ¢! numha; 25,7+1,1 pg g’
TI0JIEHA) KOja Ceé MOXKe KODUCTUTH Y Ja/bUM MOJIEKY/TIapHO-OMOIOLIKUM UCTPaKMBabUMa.

(ITpumsbeHo 30. HoBemOpa 2011, peBunupano 23. dedpyapa 2012)
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