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1 Introduction

A unique class III peroxidase, CWPO-C, which that has wide substrate spectra, from Poplar (Populus alba),
has been studied in the relation with lignification in our laboratory (1-3). The CWPO-C gene expression
analyses by Real time PCR (RT-qPCR) at organ levels such as developing xylem, leaf and shoot, indicated
some new insights about the CWPO-C functions besides lignification. Plant organs like stems possess
different tissue types with different functions. Such in the case, xylem is composed of tracheids, vessels,
parenchyma, and fibers. Therefore, it is necessary to determine the more detailed spaciotemporal expression
of the gene at tissue/cell level, in order to understand the role of CWPO-C.

Laser microdissection (LMD) has been used to collect specific tissue and cell types widely in herbaceous
plants, but it has not been used in woody perennials (4). LMD microscopy possess a cutting laser mounted
over the microscope lens which enables to micro-dissect and collet the target tissue/cell. LMD is often used
for transcripts studies but occasionally used for protein, enzyme and metabolite analyses. Because the gene
expression analysis requires the intact preservation of transcripts through all the procedure, it is essential to
keep RNase free and cold conditions when manipulating the samples. Sections must be prepared by cryo-
condition prior to the microdissection. The microdissection of the cells from woody plants is a challenging
step due to the rigidity of the thickened cell wall. Furthermore, the presence of proteins, phenolics and other
contaminants in plant cells frequently cause blockage of the extraction and enzyme inhibition. These reasons
may explain the lack in reports in terms of gene expression analyses at tissue/cell level in woody perennials
so far (4-5).

Temperature while RNA being extracted and purified has a considerable effect over RNA quality and yield.
During RNA manipulation samples must be handled with RNase free solutions and RNase free instruments.
But, it is also essential to conduct the experiments under low temperature in order to avoid the RNA
degradation by endogenous RNases localized inside the cytosol. It is known that any biological activity is
stopped under cold conditions, which inhibits the activity of these enzymes at -80°C (6).

This report describes establishing a robust method to study the CWPO-C gene expression in specific
tissues/cells in poplar plant, but it will further serve as a methodology for the gene expression studies in
woody perennials.

2 Experimental and Results

2.1 Plant Material and Cryosection

Explants from two-month-old plantlets of poplar (Populus alba) were used, and 0.5 cm explants were
processed by cryo-sectioning for laser microdissection. The stem tip and middle stem were mounted in a
plastic cryomold (Tissue-Tek, The Netherland) with embedding medium Cryomatrix (Thermo scientific,
USA), snap-frozen in liquid nitrogen, then stored at -80°C for cryostat sectioning overnight. Before
cryosection samples were acclimatize at -15°C for 15 minutes inside the cryostat. Twenty-five um thick
sections were made with a Thermo Scientific HM 525 Cryostat (VWR International, PA, USA) at -15°C, and
mounted on PEN-membrane 2.0 um glass slides (Leica, Germany). Glass slides were placed inside a 50 ml
Falcon tube and acclimatize to room temperature to avoid dew condensation on the slides. Prior to the
microdissection operations, the sections were fixed in cold RNase free 99.5 % ethanol at -20°C for 10 sec,
deprived of Cryomatrix medium with RNase free water for 2 min, and refixed in cold RNase free 99.5%
ethanol at -20°C for 1 minute. Subsequently the sections mounted on the glass slides were air-dried and
microdissected with a LMD instrument at room temperature (6).



Despite cryosectioning is a rapid and cell conservative method to prepare plant sections without degradation
of RNA, obtained sections sometimes showed inferior morphology when contrasting to traditional paraffin
embedding. To avoid this problem, explants and Cryomatrix were solidified together forming a block, by
“flash-freeze” immersing into liquid nitrogen. But, by cause liquid nitrogen boils irregularly, Cryomatrix
occasionally freezes uniformly. However, “flash-freeze” is still prompt and simple method to perform
forming block. Also, cells must be vacuum infiltrated with a cryopreservant which protects the intact
morphology. A high concertation (30%) of sucrose was selected as cryopreservant agent, according to the
knowledge that sucrose prevents the formation of ice crystals within the cytosol, leading to keep the cellular
structure intact (Fig. 1). Cryo-sectioning is recommended to be conducted at -20°C, but it could be changed
within £10°C range depending on the stiffness of the explants, by increasing the temperature when explants
are more rigid or decreasing the temperature when explants are softer. The Cryomatrix attaches better with
explants, between -10°C to -20°C. It is considerably important to remove any bubbles from surface of
explants to ensure the tight attachment of the embedding compound to keep intact morphology in the sections.

Inside the cryostat, dew condensation on the slides should be avoided by a constant cold dry air outflow
current, therefore it is critical to acclimatize the RNase free slide in a close air tight container, such as a
Falcon tube.

Fig. 1. Cryo-cross section (25 pm thickness) of poplar stem. Both embedded in the Cryomatrix and flash-
freeze with liquid nitrogen. Left: without 30% sucrose treatment, Right: treated with 30% sucrose and
vacuum infiltration. Bar. 200 um.

2.2 Laser microdissection

Laser microdissection (LMD) is a type of microscope that uses a cutting laser to isolate tissues/cells of interest.
The most common application of laser-microdissection is for RNA isolation and transcript analysis by Real
time PCR (RT-qPCR). In woody perennials, LMD has been scarcely used but it has the potential to improve
the sensitivity of spatial gene expression assays.

In this study LMD was performed as described by Abbot et al. (5) with adaption to the subjected cell and
tissue types. The longitudinal-cryo-sections 25 um thickness from stem tip and middle stem were allowed to
dry at room temperature for 5 min prior to micro-dissection with a LMD7 Laser Micro-dissection Microscope
(Leica Microsystems CMS GmbH, Wetzlar, Germany). For optimal dissection we used the maximum laser
intensity and a slow cutting speed. Different micro-dissected tissues were collected individually into the cap
of nuclease free 0.5 ml PCR tubes (Axygen, Union City, CA, USA) containing 60 pul of lysis buffer. The
tubes were then closed and centrifuged at low speed (3000 rpm) for 20 s to sediment the LMD samples,
additional 20 pl of lysis buffer was added and centrifuge for 10 s twice, to a final volume of 100 pl, finally
the tubes were placed on liquid nitrogen.

Specific tissue regions were micro-dissected from the stem tip. Cell types selected for LMD at 20x
magnification for SAM (Stem apical meristem), ground meristems and pith. In addition, cambium and
collenchyma were dissected at 4x magnification. The total cross-sectional area dissected from cryosections
was approximately 100 x10° pm? for SAM and 1000 x10° pm? for ground meristem and pith. When different



cell types and tissue regions were micro-dissected from the same cross-section, dissection of one type was
always completed before starting the another type to avoid cross-contamination.

The latent risk of RNase contamination increases during microdissection procedure, because the LMD
microscope doesn’t offer any protection from environmental RNase contamination. As our empirical rule to
avoid RNA degradation, microdissection time must not exceed 1 hour/slide, all dos and don'ts for RNA
manipulation are compulsory at any moment. The lysis buffer must be kept at 4°C prior to microdissection
collection, and the collected dissection samples must be kept in liquid nitrogen until they are subjected to

further analyses. It is also necessary to calibrate the laser beam alignment before cutting in order to conduct
an accurate dissection.

2.3 Micro RNA extraction and Gene Expression Quantification by Real Time Polymerase Chain Reaction

RNA was extracted independently from the candidates tissue type by following the protocol for the
RNAqueous-Micro RNA Kit (Ambion, Inc,, Austin, TX, USA). Special care when handling RNA tubes was
taken. Samples that were transported in liquid nitrogen got successfully amplified. Because RNA was
collected from a limited number of cells, it is difficult to confirm the RNA quantity by spectroscopic method.
So, the downstream application, RT-qPCR, is usually performed even with the uncertain possibility that RNA
is degraded in some samples during the steps between the cryo-sectioning and laser micro-dissection.
However, the RNA quality can be examined by determining the melting curves of the reference gene,
ubiquitin (UBQ, Genebank: BU879229), and RNA quantity can be also estimated by the fluorescence
intensity of melting curves (Fig. 2).

Fluorescence (-R'(T))

sl"empera‘lture (°é)

Fig. 2. Melting curve analysis of RNA samples prepared from the laser micro-dissected cell in poplar tree.
Amplifying reference gene UBQ. Black arrow: Specific amplification at specific Tm value indicates a good
quantity and quality of extracted RNA for each sample.

The target genes were UBQ and CWPO-C. Amplification data was analyzed using the Agilent Mx Real time
PCR software (Agilent, US). Relative transcript abundance was calculated and then normalized to UBQ
expression (7-8). Reactions with non-discrete melting curves or other anomalies were excluded from analysis.

Low quantity of RNA extracted from tissues was used for gene expression analysis. Apical meristem,
cambium and collenchyma tissue samples were compared each other in terms of CWPO-C relative expression.
Amplification of CWPO-C in three different tissue types with low standard deviation values demonstrates a
successful procedure in every stage, explants freeze embedding cryosection, and microdissection, unto RNA
extraction and reverse transcription. The differences of CWPO-C expression among the collected tissue
types, suggests that this method is also useful to analyze the gene expression at the tissue/cell level (Fig. 3).
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Fig. 3. CWPO-C expression in the different tissues. RT-qPCR analyses were performed with the RNAs those
were prepared from the different tissues collected by the LMD. LMD was conducted with the cryo-section
of poplar shoot tip. Standard error represents three biological replicates. Am: Apical meristem, C: Cambium,
Co: Collenchyma. Red dotted lines delimit LMD collected area. Scale bar 200 um.

3 Conclusion

Spatial expression of CWPO-C was determined at tissue level in woody perennial poplar tree. To analyze the
gene expression in the specific cell types, special techniques and care were required. During the preparation
of sections from explants, RNA protection was achieved under low temperature throughout all the procedure,
fixation, embedding, and sectioning. The usage of Cryomatrix and “flash-freeze” in liquid nitrogen was
effective for RNA protection. Cryo-sectioning at around -15°C was suitable for not only RNA protection but
also keeping morphology of the sample. It is also definitively required the use of liquid nitrogen for the
preservation of samples, such as explants, sections, and laser micro-dissected cells. In this study, it was
demonstrated the feasibility to analyze the expression of the gene of interest in the specific tissue/cell level
in woody perennials like poplar. The process includes special techniques and care for cryo-fixation, -
embedding, -sectioning. Therefore, it would serve as a reference for the further gene expression studies at
the specific tissue/cell level in woody perennials.
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Self-Assembly of a Double Hydrophilic Block Glycopolymer and the Investigation of Its Mechanism
Oh Takahiro, Nagao Masanori, Hoshino Yu, Miura Yoshiko

LANGMUIR  34(29) 8591-8598 (2018)

Size-tuned hydrogel network of palladium-confining polymer particles: a highly active and durable

catalyst for Suzuki coupling reactions in water and ambient temperature



Hikaru Matsumoto, Takanori Akiyoshi, Yu Hoshino, and Yoshiko Miura
Polymer Journal 50 1179-1186 (2018)

Verification of the Universal Versatility of a Quantitative Protein Measurement Technique Using a Metal
Mesh Device

Kamba Seiji, Seto Hirokazu, Kondo Takashi, Miura Yoshiko

ANALYTICAL SCIENCES  34(7) 765-770 (2018)

Bacterial Inhibition and Osteoblast Adhesion on Ti Alloy Surfaces Modified by Poly(PEGMA-t-
Phosmer) Coating

Cui Xinnan, Murakami Tatsuya, Tamura Yukihiko, Aoki Kazuhiro, Hoshino Yu, Miura Yoshiko

ACS APPLIED MATERIALS & INTERFACES  10(28) 23674-23681 (2018)

Reversible p Ka Modulation of Carboxylic Acids in Temperature-Responsive Nanoparticles through
Imprinted Electrostatic Interactions

Hoshino Y, Jibiki T, Nakamoto M, Miura Y

ACS applied materials & interfaces  10(37) 31096-31105 (2018)

Controlling the lectin recognition of glycopolymers via distance arrangement of sugar blocks
K. Jono, M. Nagao, T. Oh, S. Sonoda, Y. Hoshino, Y. Miura
Chemical Communications 54, 82-85 (2018)
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‘Synthesis of a Bio-Inspired Catechol/Phosphorylcholine Surface Modifier and Characterization of its
Surface Properties,
Y. Zhang, T. Hirai,;, W. Ma, Y. Higaki, K. Kojio, A Takahara~
J. Polym. Sci. Chem. Ed., 56, 38-49 (2018).

Design of High-Density Helical Polymer Brush on Silica Nanoparticles for the Size Recognition of
Fullerene Molecules,

M. Sato, T. Kato, H. Shimamoto, K. Kamitani, N. Ohta, T. Hirai, A, Takahara,

ACS Macrolett., 7, 148—152(2018).

Effect of Polycaprolactone Crystalline Block on Surface Reorganization of a Phosphorylcholine-Based
Amphiphilic Block Copolymer Surface Modifier,

Y. Zhang, T. Hirai, Y. Higaki, A. Takahara,

Chem. Let., 47, 247-250 (2018).
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Preparation of High-Density Polymer Brushes with a Multihelical Structure,

T. Kato, M. Sato, H Shimamoto, K. Uno, K. Yokomachi, Y. Konishi, K. Kamitani, M. Nishibori,
N. Ohta, R. Ishige, K. L. White, N. Otozawa, T. Hirai, A. Takahara,

Langmuir, 34(10), 3283-3288(2018).

Counter Anion-Specific Hydration States of Cationic Polyelectrolyte Brushes,
Y. Higaki, Y. Inutsuka, H. Ono, N.Yamada, Y. Ikemoto, A. Takahara,
Ind. Eng. Chem. Res., 57, 5268-5275(2018).

Halloysite Nanotubes: Green Nanomaterial for Functional Organic-Inorganic Nanohybrids,
W. Ma, H. Wu, Y. Higaki, A. Takahara,
Chemical Records, 18, 986-999 (2018).

Direct Hydrophilic Modification of Polymer,

Y. Higaki, M. Kobayashi, A. Takahara,

Chapter 9 in Surfaces via Surface-Initiated ATRP Reversible Deactivation Radical Polymerization:
Materials and Applications, Matyjaszewski et al.Eds. ; ACS Symposium Series; American Chemical
Society: Washington, DC,pp.158-168 (2018).

Preparation of polymer brushes with well-controlled stereoregularity and evaluation of their functional
properties,

T. Hirai, M. Sato, T. Kato, H. Shimamoto, K. Uno, N. Otozawa, A. Takahara,

Polymer Journal, 50, 931-939(2018).

Organic-Inorganic Hybrid Thin Film Fabricated by Layer-by-Layer Assembly of Phosphorylated
Cellulose Nanocrystal and Imogolite Nanotubes,

L. Li, W. Ma, Y. Higaki, K. Kamitani, A. Takahara,

Langmuir, 34, 13361-13367 (2018).

Separation of Endo-Cyclic 2-Methacryloyloxyethyl Choline Phosphate by Anion Exchange Approach,
M. Mukai, T. Hirai, Y. Higaki, A. Takahara,
Chem. Lett. , 47, 1508-1511 (2018).
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Manipulating Metal to Metal Charge Transfer for Materials with Switchable Functionality
Meng Yin-Shan, Sato Osamu, Liu Tao
Angew. Chem. Int. Ed., 57, 12216-12226, (2018) SEP 17



Rhodamine 6G-Labeled Pyridyl Aroylhydrazone Fe(II) Complex Exhibiting Synergetic Spin Crossover
and Fluorescence

Yuan Juan, Wu Shu-Qi, Liu Mei-Jiao, Sato Osamu, Kou Hui-Zhong

JACS, 140, 30, 9426-9433 (2018) AUG 1

Simultaneous Modulation of Magnetic and Dielectric Transition via Spin-Crossover-Tuned Spin
Arrangement and Charge Distribution

Zheng Hui, Meng Yin-Shan, Zhou Guang-Li, Duan Chun-Ying, Sato Osamu, Hayami Shinya, Luo Yi
Liu, Tao

Angew. Chem. Int. Ed. 57, 8468-8472 (2018) JUL 9

Paramagnetism enhancement by in situ electrochemical hole doping into a Prussian Blue thin film
Noguchi Mariko, Nakano Motohiro, Kang Soonchul, Sato Osamu, Seki Shu
Mater. Chem. Front. 2,5, 1004-1008 (2018) MAY
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Hardware-in-the-Loop Simulation on Fault Current Limiting Operation of RE-123 Coated Conductors
K. Higashikawa, M. Tajima, S. Urasaki, M. Inoue, Y. Fukumoto, M. Tomita, T. Kiss
IEEE Trans. Appl. Supercond., 28, 5602405 (2018)

Current Capacity of Cu-Sheathed Multifilamentary Coated Conductors Under the Influence of Spatial
Variation of Local Critical Currents in Each Filament

K. Higashikawa, T. Suzuki, M. Inoue, S. Fujita, Y. lijima, T. Kiss

IEEE Trans. Appl. Supercond., 28, 4801205 (2018)

Enhancement of in-field critical current density of BaZrO3 added (Y, Gd)BCO coated conductors by
using a multi-coating TFA-MOD method

T. Suzuki, S. Oomura, K. Imamura, M. Inoue, K. Higashikawa, S. Awaji, K. Nakaoka, T. Izumi, T. Kiss
IEEE Trans. Appl. Supercond., 28, 6600504 (2018)

Development of Long-Length BMO-Doped REBCO Coated Conductors by Hot-Wall PLD Process

S. Fujita, S. Muto , W. Hirata, Y. Adachi, T. Yoshida , M. Igarashi, K. Kakimoto, Y. lijima , K. Naoe, T.
Kiss, T. Okada , S. Awaji

IEEE Trans. Appl. Supercond., 28, 6600604 (2018)

G. Nishijima , K. Osamura, T. Nagaishi, T. Fukushima, Y. lijima , T. Koizumi, Y. Zhang , M. Breschi,
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IEEE Trans. Appl. Supercond., 28, 6601205 (2018)
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Ruthenium-Catalyzed Chemo- and Enantioselective Hydrogenation of Isoquinoline Carbocycles
Yushu Jin, Yusuke Makida, Tatsuya Uchida, and Ryoichi Kuwano
The Journal of Organic Chemistry, 83, 3829-3839(2018)
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The role of electronegativity on the extent of nitridation of group 5 metals as revealed by reactions of
tantalum cluster cations with ammonia molecules

M. Arakawa, K. Ando, S. Fujimoto, S. Mishra, G. Naresh Patwari, and A. Terasaki

Phys. Chem. Chem. Phys. 20, 2843528444 (2017)

Freezing of micrometer-sized liquid droplets of pure water evaporatively cooled in a vacuum
K. Ando, M. Arakawa, and A. Terasaki
Phys. Chem. Chem. Phys. 20, 28435-28444 (2017)

Characterization of cerium and oxygen atoms in free clusters of cerium oxide by X-ray absorption
spectroscopy

T. Hayakawa, M. Arakawa, S. Sarugaku, K. Ando, K. Tobita, Y. Kiyomura, T. Kawano, and A. Terasaki
Top. Catal. 61, 119125 (2017)
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First-Principles Calculation of Activity and Selectivity of the Partial Oxidation of Ethylene Glycol on
Fe(001), Co(0001), and Ni(111)

N. Ozawa, S. Chieda, Y. Higuchi, T. Takeguchi, M. Yamauchi, M. Kubo

J. Catal ., 361, 361-369 (2018).

Carbon neutral energy cycles using alcohols
T. Fukushima, S. Kitano, S. Hata, M. Yamauchi
Sci. Technol. Adv. Mat., 19 (1), 142-152 (2018)
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Adsorption Behavior of Au(Ill) Complex Ion on Nickel Carbonate and Nickel Hydroxide Colloids
and Surfaces A: Physicochemical and Engineering Aspects

Ando, H.; Kawamoto, D.; Ohashi, H.; Honma, T.; Ishida, T.; Okaue, Y.; Tokunaga M.; Yokoyama,
T.

Colloids and Surfaces A, A537, 383-389 (2018)

Dynamic Kinetic Resolution of N-Protected Amino Acid Esters via Phase-Transfer Catalytic Base
Hydrolysis

Yamamoto, E.; Wakafuji, K.; Furutachi, Y.; Kobayashi, K.; Kamachi, T.; Tokunaga, M.

ACS Catal., 8, 1150-1161. (2018)

Adsorption and thermal reactivity of dimethyl trisulfide on a Au(111) singlecrystal surface
Nakamura, I.; Murayama, H.; Tokunaga, M.; Okumura, M.; Fujitani, T.
Surf. Sci., 677, 186-192 (2018)

Selective adsorption of 1,3-dimethyltrisulfane (DMTS) responsible for aged odour in Japanese sake
using supported gold nanoparticles

Murayama, H.; Yamamoto, Y.; Tone, M.; Hasegawa T.; Kimura, M.; Ishida, T.; Isogai, A.; Fujii, T.;
Okumura, T.; Tokunaga, M.

Sci. Rep., 8, 16064 (2018)
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Electric response induced by second sound in superfluid helium
Hideki Yayama, Yugo Nishimura, Hiroka Uchiyama, Hiroshi Kawai, Jean-Paul van Woensel, Ali G.
Hafez
Fizika Nizkikh Temperatur, 44, 1386-1393, (2018)

Electric response induced by second sound in superfluid helium

Hideki Yayama, Yugo Nishimura, Hiroka Uchiyama, Hiroshi Kawai, Jean-Paul van Woensel, Ali G.
Hafez

Low Temperature Physics, 44, 1090-1096, (2018)
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