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RNA FROM FRESH FROZEN CRYOSECTIONS
OF OIL PALM INFLORESCENCES IS SUPERIOR
TO FFPE SECTIONS
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ABSTRACT
Formalin-fixed, paraffin-embedded (FFPE) and fresh frozen (FF) tissue sections are valuable sources for

histology and molecular studies. However, FFPE tissue sections usually provide poor quality RNA that is

unsuitable for most downstream molecular applications. In this study, tissue preparation for cryosectioning

and RNA extraction protocols were optimised for FF oil palm inflorescences. FF tissue treated with sucrose

offered good cellular image resolution and more importantly, good RNA quality. Higher RNA quality with
good RIN wvalues (>6) was obtained from FF sections compared to the fragmented RNA from FFPE tissue

sections. However, FEPE sections provided better resolution in terms of cellular morphology. The quality

of cellular morphology of the FF sections was moderate, but was sufficient to distinguish the different cell

types. Hence, FF oil palm inflorescences is a better choice for downstream transcriptomics studies that

require tissue sections without compromising the cytological details.
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INTRODUCTION

In the oil palm, the mantling abnormality affects
flower and fruit development, thus jeopardising
oil yield from mantled palms (Ong-Abdullah
et al., 2015). Large scale genomic studies using
transcriptomic sequencing offer a comprehensive
view of the molecular events underlying plant
development. A combination of cytological
characterisation and next generation sequencing
technologies would provide comprehensive
histological and molecular information on the
abnormality. Hence, the challenge in the preparation
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of samples for simultaneous morphological and
molecular characterisation is to find a balance
between preservation of tissue morphology and also
maintaining an intact quality of bio-analytes such
as RNA, DNA and protein for further downstream
studies. Histological or cytological characterisation
methods which are widely used to examine various
types of samples allow morphological examination
of detailed tissue or cell structures. The method
chosen for the preparation of histological samples
differ according to the type of samples and further
requirements for the examination of the sample
(Ganjali, 2012). In histopathology laboratories,
among the most common methods used to prepare
tissues for examination are the preparation of thin
sections from formalin-fixed, paraffin embedded
(FFPE) tissues and cryosections from fixed or fresh
frozen (FF) specimens.

In general, FFPE tissues are prepared from
fresh tissues that are fixed in formalin, a cross-
linking fixative that is commonly used to preserve
cytoskeletal and protein structural integrity. The
tissues are then embedded in paraffin wax. It is
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known that the recovery of intact RNA from FFPE
samples is one of the main challenges faced by
scientists (Evers et al., 2011). The formalin-based
fixation procedure introduces hydroxymethylene
cross-linking bridges between proteins and nucleic
acids, proteins and macromolecules or between
proteins, which impede the extraction of pure RNA
(Vassilakopoulou et al., 2015). Cross-linking can be
detrimental to nucleic acids and compromises the
RNA for use in PCR, reverse transcription, etc., due
to inaccessibility of the RNA by RNA polymerase.
Cross-linking however, enables preservation of
tissue and cellular structures in their original state,
unlike alcohol-based denaturing fixatives which
can cause tissues to undergo shrinkage and dryness.
Due to these advantages, formaldehyde remains
a versatile cross-linking fixative in histology
experiments (Scicchitano et al., 2006).

Cryopreservation of freshly sampled tissue in
optimal cutting temperature (OCT) embedding
medium and snap freezing in liquid nitrogen
allows extraction of intact RNA for downstream
molecular analyses. Besides that, rapid fixation can
be done prior to cryopreservation. It also allows for
long-term storage without impairment of the RNA
quality. Hence, this is a more reliable archival storage
method. However, frozen tissues are sometimes
not easily available in tissue archives and require
more space. Moreover, collection and preservation
of tissues at -80°C or in liquid nitrogen in the long-
term are more costly. The morphology of FF tissues
may also be compromised due to improper freezing
procedures.

In comparison to FF tissues, FFPE tissues can
be stored at room temperature or at 4°C for long
periods with minimal logistic costs (Walter et al.,
2013). The cell structure and morphology of FFPE
tissues are also well preserved. This is particularly

crucial for plant cells, which contain large central
vacuoles that can easily collapse during processing
(Teixeira and Pereira, 2011). Nonetheless, RNA from
FFPE tissues is of poor quality due to its extensive
degradation caused by formalin fixation (Ravo ef al.,
2008) and paraffin-embedding procedures (Evers et
al., 2011).

To the best of our knowledge, a method for the
isolation of RN A from FF oil palm tissue cryosections
has not been described previously. In this study,
FF and cryosection protocols were optimised for
oil palm inflorescences. Cellular morphology and
integrity of the RNA extracted from the FF tissue
sections were evaluated in comparison with RNA
from FFPE tissue sections.

MATERIALS AND METHODS

Reagents

All reagents used in this protocol were
purchased from Merck KGaA, Germany or Sigma-
Aldrich, USA, unless otherwise stated.

FFPE-tissue Fixation

The FFPE protocol for processing of oil
palm inflorescences was carried out according
to Ramachandran et al. (2014) with minor
modifications, i.e. tissue sections were stained
with 1% (w/v) toluidine blue instead of 1% (w/v)
napthol blue black.

Preparation of Fresh Frozen Inflorescences for
Cryosectioning

The overall optimisation workflow for
this section is as depicted in Figure 1. Fresh
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Figure 1. Flow chart for optimisation of fresh frozen tissue processing protocol for oil palm inflorescences.
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inflorescences were directly embedded in optimal
cutting temperature (OCT, Tissue-Tek®, Sakura®
Finetek, USA) embedding compound in plastic
molds (Thermo Fisher Scientific, USA) or briefly
treated with pre-chilled 20% (w/v) sucrose or fixed
in 100% (v/v) butanol, 100% (v/v) ethanol or 100%
(v/v) acetone for 4 hr prior to vacuum infiltration in
OCT embedding medium at 20 mPa. Duration of the
vacuum was tested on untreated fresh inflorescences
at0, 10 and 20 min. Tissues that were sucrose-treated
or fixed in OCT embedding medium were placed in
a vacuum chamber at 20 mPa for 10 min prior to
snap freezing in liquid nitrogen. The frozen tissue
molds were stored at -80°C until cryosectioning.

The samples were sectioned using a cryostat
(Leica Biosystems, Germany) at -23°C. Ten sections
at 10 um thickness were obtained for each test. The
sections were processed through an ethanol series
[95%, 75% (v/v) ethanol for 30 s each] followed
by staining with 1% (w/v) toluidine blue or left
unstained, and washing with 0.1% (v/v) DEPC-
treated water. The sections were then dehydrated in
an ethanol gradient series for 30 s each [75%, 95%,
100%, 100% (v/v) ethanol] prior to RNA extraction
or imaging.

RNA Isolation

RNA extraction was carried out with the
RNeasy Mini kit (Qiagen, Germany) according to the
manufacturer’s instructions. To assess RNA quality,
1 ul of RNA was electrophoresed on a 2% (w/v) 1X
TAE agarose gel, stained with 1 ug ml"' ethidium
bromide. Alternatively, RNA was analysed on the
2100 BioAnalyser with RNA 6000 Nano Labchip kit
(Agilent Technologies, Germany).

RESULTS AND DISCUSSION

FFPE  Tissue Sections Provided Good
Morphological Resolution but Degraded RNA

RNA obtained from FFPE tissue sections
was degraded as a RNA smear was observed
from gel electrophoresis (Figure 2a). This RNA
was thus unsuitable for molecular experiments.
Several factors may have contributed to the RNA
fragmentation. The addition of monomethyl groups
to the bases in the fixative modifies the nucleic acids,
causing them to become more rigid and susceptible
to shearing. Besides that, xylene deparaffinisation
would have impaired RNA quality (Scicchitano et
al., 2006). Paraffin embedding also produces high
molecular weight RNA aggregates leading to poor
and low RNA yields (Evers et al., 2011).

However, clear and good cellular morphology
visualisation of toluidine blue-stained FFPE tissue
sections was obtained (Figure 2b). Floral meristems
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Figure 2. RN A and stained tissue sections from formalin-fixed, paraffin-
embedded (FFPE)-tissues. Gel electrophoresis of RNA extracted from
tissue sections stained with 1% (w/v) toluidine blue (A). Cellular
morphology of toluidine blue-stained tissue sections (B). Arrows
indicate floral meristems. Scale bar = 200 um.

containing large nuclei were observed as the cells
underwent chromatin condensation (Adam et al.,
2005). Cellular organelles were well preserved in
formaldehyde-fixed tissues and any irregularities
could be identified clearly. Hence, good image
visualisation of cellular compartments was obtained
with FFPE sections. Furthermore, formaldehyde-
fixed tissues were found to be stable for long-term
storage with no microorganism growth observed
(Grizzle, 2009). The FFPE tissue sections thus
yielded clear and discrete cell morphology but
provided poor RNA integrity. Hence, a different
tissue preparation was needed to obtain good
cellular visualisation and intact RNA from tissue
sections for downstream molecular studies.

FF Tissue Sections Provided Better RNA Integrity
and Clear Cellular Morphology

We evaluated the effects of tissue fixation in
the preparation of fixed-frozen specimens and we
compared these with the results obtained from
fresh frozen specimens. Various fixatives were
tested. Alcohol-based fixatives such as butanol,
ethanol and acetone have been evaluated in other
tissues (Eltoum et al., 2001). Osmotic shrinkage
of the oil palm inflorescence tissue was observed
when the tissue was fixed in butanol, ethanol and
acetone, while moderate shrinkage was observed
in the tissues fixed with ethanol (Figure 3). In
contrast, better tissue morphology was obtained
with non-fixed tissue sections that were vacuum-
infiltrated in OCT embedding compound at 20 mPa
for 20 min. The floral meristems containing highly
condensed chromatin can be visibly recognised
from the surrounding vacuolated cells. Besides that,
sucrose-treated tissue sections also provided similar
morphological resolution compared to the untreated
tissue sections which were vacuum infiltrated
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Figure 3. Microscopic evaluation of fresh frozen inflorescences which were processed in different fixatives prior to embedding in optimal cutting
temperature (OCT) medium. Untreated inflorescence that was snap frozen directly in liquid nitrogen (A). Inflorescences that were treated with 20%
(wfv) sucrose (B) or fixed in 100% (v/v) ice-cold butanol (C), or 100% (vfv) ice-cold ethanol (D) or 100% (v/v) ice-cold acetone (E), followed by snap
freezing in liquid nitrogen. Scale bar = 200 um.

in OCT for 20 min. Sucrose has been reported to
function as a cryoprotectant by eliminating ice
crystal artifacts generated during the freeze-thaw
cycle. Hence, it helps to protect the cell membrane
and dehydrates the cells by binding to water during
freezing (Lineberger and Steponkus, 1980; Rafigue
etal., 2015).

As RNA yields from cryosections of
inflorescence were too low for evaluation by agarose
gel electrophoresis, the RNA was analysed on the
Agilent 2100 BioAnalyser. RNA integrity number
(RIN) ranging from 1 to 10 was generated for each
RNA sample. The higher the RIN score, the higher
the RNA quality (Schroeder et al., 2006). In general,
RNA extracted from stain-free tissue sections scored
higher RIN values compared to those extracted from
stained tissue sections. RNA degradation most likely
occurred during the staining or ethanol dehydration
and rehydration steps. Extra care should be taken
during tissue processing. Among the stain-free
tissue sections, RNA from tissue sections treated
with sucrose or untreated tissues that was vacuum-
infiltrated in OCT embedding medium had higher
RIN scores (RIN = 6) as well as higher 285:185 rRNA
ratios. Furthermore, RNA yields from untreated
and sucrose-treated tissues were higher compared
to the other treatments as an equivalent amount of
10 sections at 10 ym thickness was processed for
each treatment (Table 1). Nevertheless, more tissue
sections would be required to ensure enough RNA
quantities for downstream gene expression studies.
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FFPE and FF Tissue Preparations Offer Unique
Advantages

The FFPE and FF tissue processing procedures
of oil palm inflorescences have their own advantages
and disadvantages. Tissue processing for the FF
tissue was simple and rapid as the entire protocol
could be completed within an hour from the fresh
tissue sample. Cryopreservation in OCT embedding
medium followed by snap freezing in liquid nitrogen
minimised the risks of RNA degradation and
allowed rapid microscopic inspection of the tissue
sections (Shi et al., 2008). Hence, this method would
allow the establishment of a biobank for different
developmental stages of normal and abnormal
inflorescences that can serve as a reliable source for
RNA-based analyses. However, the morphology of
tissue sections prepared from untreated and directly
snap frozen inflorescences showed lower quality of
RNA when compared to FFPE sections. The sucrose
treatment of fresh oil palm inflorescences used in
this study could preserve the morphology and RNA
integrity, as well as improve the overall quality of
the tissue sections. In comparison with the untreated
fresh tissue, this FF tissue preparation approach will
help to ease the logistic costs normally incurred
in transporting tissues in liquid nitrogen from the
sampling site (Micke et al., 2006).

On the other hand, the tediousness and extensive
time period needed for FFPE sample preparation
may have contributed to RNA fragmentation.
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TABLE 1. BIOANALYSER ELECTROPHEROGRAMS AND GEL ELECTROPHORESIS IMAGES OF THE RNA EXTRACTED
FROM FRESH FROZEN (FF) TISSUE SECTIONS. THE FF TISSUES WERE PROCESSED WITH VARIOUS CRYOPRESERVATION
PROCEDURES AND WERE EITHER STAINED WITH 1% (w/v) TOLUIDINE BLUE OR UNSTAINED

Cryopreservation | Stain-free tissue sections Toluidine blue-stained tissue sections
procedure
Tissue snap RIN NJA Unable to obtain intact cryosections
fr.ozen in liquid [Fu]
nitrogen
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20 25 30 35 40 45 50 55 60 65 [g

RNA concentration: 3 ug ul
285/18S ratio: 0

Tissue embedded RIN: 6.40 RIN: 1.40
in OCT, vacuum- | [Fu] [Fu)
infiltrated at 20
mPa for 10 min 1 ‘ 1.0
and snap frozen [l . 1 g 0.5
in liquid nitrogen 1 e s e 0,0 —freia oo P AR Ao A
T 1L T 1 U 1T T U 0 U 1 ' T R R e
20 25 30 35 40 45 50 55 60 65 [¢] 20 25 30 35 40 45 50 55 60 65 [s]
RNA concentration: 12 ug ul" RNA concentration: 2 yg ul!
285/18S ratio: 0.4 285/18S ratio: 0
Tissue embedded RIN: 6.60 RIN N/A
in OCT, vacuum- | [Fy] (FU]
infiltrated at 20 l
mPa for 20 min 2 ) | 1.0
and snap frozen 285 ==
in liquid nitrogen 4 IML fi J]wr&w‘)- [ B - mmlSS — 0.5
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RNA concentration: 75 ug ul” RNA concentration: 1 yg ul?!
285/18S ratio: 1.6 285/18S ratio: 0
Tissue treated RIN: 6.50 RIN N/A
with 20% sucrose [Ful [Fu]
and snap frozen
in liquid nitrogen b
: ol -
i I;,.,..,.a‘ O e s — 0.0 = o pith s pnde PNt N
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RNA concentration: 8 ug ul*
285/18S ratio: 0

RNA concentration: 86 ug ul’
285/18S ratio: 1.3

Tissue treated RIN: 2.90 RIN: 2.30
with 100% [FU] [Ful
ethanol and snap | F
frozen in liquid 1.0 i l W, 1 T
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RNA concentration: 92 ug ul? RNA concentration: 54 ug ul"
285/18S ratio: 0 285/18S ratio: 0

Note: OCT - optimal cutting temperature.
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However, better cell morphology images were
obtained with the FFPE inflorescence sections which
allowed for better morphological evaluations.
Hence, FFPE inflorescence sections may be better
suited for localisation studies such as RNA in situ
hybridisation that uses short RNA probes (Bowling
etal.,2014; Ooi et al., 2012). However, for studies that
require higher quality RNA, the fresh frozen tissue
preparation method is recommended.

CONCLUSION

A detailed study was performed to establish a tissue
preparation protocol for oil palm inflorescences
to obtain tissue sections with high quality RNA
and good cellular morphology. Cryosections
from FF tissues treated with 20% (w/v) sucrose
resulted in good RNA yields and quality, with
acceptable morphology. In comparison with FFPE
tissue sections, the RNA extracted from FF tissue
sections was more superior and of higher quality.
This established protocol would enable the use
of FF cryosections for applications such as laser
microdissection, followed by downstream molecular
analyses requiring good RNA quality, for example
next generation sequencing and transcriptomics
studies.
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