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Introduction

Rice (Oryza sativa L.) is very important as a staple food of 
the world, especially in Southeast Asia. Rice grains some-
times show some defective phenotypes, resulting in reduced 
eating quality: notched grain caused by unbalanced devel-
opment of the caryopsis compared to glume size (Lin et al. 
2017, Takeda and Takahashi 1970), reduction of grain size 
caused by high night temperatures (Morita et al. 2005), and 
chalkiness induced by some environmental factors includ-
ing high temperature, high humidity, or cultural practices at 
the ripening stage (Zhou et al. 2015). These grain defects 
have been known to be controlled by genetic factors 
(Kobayashi et al. 2007, Takeda and Takahashi 1970). To 
improve these grain qualities, the mechanisms generating 
these defects need to be analyzed. For this, a sectioning 
sample of the grain is very useful, as Morita et al. (2005) 
examined the endosperm cell size and number in a cross- 
section of a rice grain matured under high night tempera-
tures. They also determined the endosperm cell size and 
number using digitalized hand-tracing images of 20-μm 
thick cross-sections. For this analysis, many thin cross- 
section samples are needed for confirming the influence of 
some stresses. In this regard, it is important to rapidly pro-
duce many thin cross-section samples.

Kawamoto (2003) reported the method for preparing thin 

frozen-sections using an adhesive film and producing al-
most intact sections, which were very thin and little dam-
aged, from many organisms such as animals, plants and in-
sects.

In this report, we tried to obtain the cross and longitudi-
nal sections of a whole matured rice grain using cryomicro-
tome by the Kawamoto method using the specific adhesive 
film (Kawamoto and Kawamoto 2014). We were able to 
obtain almost perfect sections of the whole grain with high- 
quality cell morphology and orientation.

Materials and Methods

The rice grain used in the study was japonica variety, 
Koshihikari. The grains were dipped in water at room tem-
perature overnight, then subjected to sectioning by cryo-
microtome according to the Kawamoto method (Kawamoto 
and Kawamoto 2014) as follows:
1. The water absorbed rice grain was dipped into dry-ice 

hexane to freeze quickly.
2. SCEM medium (SECTION-LAB Co. Ltd., Japan) for 

embedding was poured into a stainless steel container.
3. The frozen grains were buried in the medium.
4. The container was quickly subjected to freezing in dry-

ice hexane.
5. The frozen specimen block was taken out of the con-

tainer.
6. The block was fixed on the cryomicrotome sample 

holder.
7. The sample holder was set to sample holder chuck of 

cryomicrotome.
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the collapsed of embryo facing the endosperm region may 
increase due to water absorption. In addition, the central 
portion was found to consist of a population of small cells 
(Fig. 2D). Fig. 3A showed the saggital section of the grain. 

8. The specimen block was trimmed to the required sur-
face with a disposable blade, 30UF at –25C.

9. The adhesive film (Cryofilm type 3C (16UF) 
(SECTION-LAB Co. Ltd., Japan)) was applied to the 
surface using a fitting tool and then the specimen was 
cut into 4 μm thickness.

10. The Cryofilm with the section after cutting was picked 
up carefully.

11. The section was left for approx. 20 seconds to dry 
slightly at room temperature.

12. The section was stained with hematoxylin for 60 sec-
onds.

13. After being rinsed with running water for 4 minutes, 
the section was stained with 0.2 % eosin for 10 sec-
onds.

14. After being rinsed with water for a few seconds and 
with 100% ethanol for 10 seconds, the section was 
mounted between Cryofilm and glass slide with 
SCMM-R2 (SECTION-LAB Co. Ltd., Japan).

15. The excessive mounting medium was removed with a 
filter paper.

16. The mounting medium was polymerized with UV 
light.

Results and Discussion

A cross section of the Koshihikari grain was shown in 
Fig. 1A. It was observed that some parts of outermost exo-
sperm, including the pericarp and seed coat of the grain, 
were deleted. The darkly stained outer part is the aleurone 
layers. A single layer was found from the ventral side to the 
dorsal side of the arrows, and multiple layers were devel-
oped around the dorsal peripheral side from arrows 
(Fig. 1B). Very clear endosperm cell shapes were observed. 
Especially, cell shapes at the upper side in Fig. 1A were 
different from those at the lower side. There were many poly-
gonal cells at the lower side (Fig. 1C), whereas there were 
many relatively lengthwise cells at the upper side. The rea-
son for the difference in cell shapes between the upper and 
lower sides was unknown. At the central area from ventral 
to the dorsal side through the central point, slender elongat-
ed cells were observed (Fig. 1D). A longitudinal section of 
the grain was shown in Fig. 2A. It was observed that a few 
aleurone layers were developed at the bottom and dorsal 
peripheral side (Fig. 2B). In general, lengthwise cells 
stretched toward the central part were found at ventral and 
dorsal sides of the endosperm (Fig. 2B). The embryo facing 
endosperm cells seemed to be collapsed (Fig. 2C). Since all 
sections from 16 grains showed collapse of the embryo fac-
ing endosperm cells, these collapse phenomena were con-
sidered no to be artificial during section production. The 
embryo facing endosperm cells slightly collapsed with cell 
death due to ROS generation during seed development 
(Nagasawa et al. 2013). Furthermore, it was reported that 
water absorption led to endosperm cell collapse from em-
bryos facing the endosperm region (Hoshikawa 1993). Thus, 

Fig. 1. Thin cross section of Koshihikari grain (4 μm thick). A; 
Whole view of the grain section. Red arrow shows a change of the 
aleurone layer number. Black and dotted lines indicate the longitudinal 
section and saggital section, respectively. Bar = 400 μm. B; Magnifica-
tion of aleurone layer indicated by arrow. Bar = 100 μm. C; Magnifica-
tion of yellow rectangle at side portion. Bar = 100 μm. D; Magnifica-
tion of red rectangle at dorsiventral portion. Bar = 100 μm.

Fig. 2. Thin longitudinal section of Koshihikari grain (4 μm thick). 
A; Whole view of the section. Red arrow shows a change of the aleu-
rone layer number. Bar = 400 μm. B; Magnification of black rectangle 
included the red arrow–showing part in A. Bar = 100 μm. C; Magni-
fied embryo part in yellow rectangle. Bar = 200 μm. D; Magnified 
central part of the endosperm in red rectangle. Bar = 100 μm.
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of tissue are advantageous to retain the subcellular compo-
nents including protein, DNA and RNA. However, it has 
been difficult to readily transfer thin sections from freshly 
frozen samples to slide glasses. For this purpose, Kawamoto 
(2003) developed a frozen sectioning system using the spe-
cific adhesive film to easily obtain a very thin section with-
out any damages and distortions because the sections are 
supported with an adhesive film till being mounted. The 
method was also applicable for obtaining the cross section 
of the whole leaf of rice (Maekawa and Kawamoto 2002).

Since high-quality thin sections of all tissues, including 
hard tissues, are easily produced by the Kawamoto method, 
the section can be useful in many analytical fields, e.g., his-
tology, enzyme histochemistry, immune histochemistry, in 
situ hybridization and mass imaging. For example, immu-
nohistological analysis using frozen section of mouse brain 
by Kawamoto method clearly demonstrated that some path-
ogenic cells accumulated at specific vessels under stress 
conditions, resulting in brain micro-inflammation (Arima et 
al. 2017). Recently, the freeze-dried section was found to be 
highly suitable for Laser Microdissection (LMD) for gene 
analysis (Kawamoto and Kawamoto 2014). Actually, fresh 
frozen section of mouse spine produced by Kawamoto 
method reveal the part at which the pathogenic cells were 
accumulated and was effectively utilized for LMD for con-
cerned gene expression (Arima et al. 2012). Although any 
applications of LMD for gene expression using frozen- 
sections of plants by Kawamoto method have not been 
reported so far, it is expected that pinpoint gene analysis of 
plant tissue, including the seed or grain, could be promoted 
by the Kawamoto method.
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cular bundle of the scutellum magnified in yellow rectangle in A. 
Bar = 100 μm

Breeding Science 
Preview



Chiou, Tsugane, Kawamoto and MaekawaBS

4

Kawamoto, T. (2003) Use of a new adhesive film for the preparation of 
multi-purpose fresh-frozen sections from hard tissues, whole- 
animals, insects and plants. Arch. Histol. Cytol. 66: 123–143.

Kawamoto, T. and K. Kawamoto (2014) Preparation of thin frozen 
sections from nonfixed and undecalcified hard tissues using 
Kawamot’s film method (2012). In: Hilton, M. (ed.) Skeletal 
Development and Repair. Methods in Mol. Biol., vol. 1130. 
Humana Press, Totowa, NJ, pp. 149–164.

Kobayashi, A., G. Bao, S. Ye and K. Tomita (2007) Detection of quanti-
tative trait loci for white-back and basal-white kernels under high 
temperature stress in japonica rice varieties. Breed. Sci. 57: 107–
116.

Lin, Z., X. Zhang, Z. Wang, Y. Jiang, Z. Liu, D. Alexander, G. Li, 
S. Wang and Y. Ding (2017) Metabolomic analysis of pathways 
related to rice grain chalkiness by a notched-belly mutant with high 
occurrence of white-belly grains. BMC Plant Biol. 17: 39.

Maekawa, M. and T. Kawamoto (2002) Intact sectioning of plant 
tissues with a cryomicrotome. Breed. Sci. 52: 57–60.

Morita, S., J. Yonemaru and J. Takanashi (2005) Grain growth and 
endosperm cell size under high night temperatures in rice (Oryza 
sativa L.). Ann. Bot. 95: 695–701.

Nagasawa, N., K. Hibara, E.P. Heppard, K.A. Vander Velden, S. Luck, 
M. Beatty, Y. Nagato and H. Sakai (2013) GIANT EMBRYO encodes 
CYP78A13, required for proper size balance between embryo and 
endosperm in rice. Plant J. 75: 592–605.

Ogawa, Y., J. Sugiyama, H. Kuensting, T. Ohtani, S. Hagiwara, X. Liu, 
M. Kokubo, A. Yamamoto, K. Kudoh and T. Higuchi (2001) Ad-
vanced technique for three-dimensional visualization of compound 
distributions in a rice kernel. J. Agric. Food Chem. 49: 736–740.

Takeda, K. and M.-E. Takahashi (1970) Some genetical considerations 
on appearance of notched grains and hull-cracked grains in rice. 
Memoirs of the Faculty of Agriculture Hokkaido University 7: 
449–453.

Zhou, L., S. Liang, K. Ponce, S. Marundon, G. Ye and X. Zhao (2015) 
Factors affecting head rice yield and chalkiness in indica rice. Field 
Crops Res. 172: 1–10.

Breeding Science 
Preview


