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Production, Uses, and Ancestry of an
Oilseed Crop, Perilla frutescens (L.) Britton
var. frutescens in Japan: An Overview

Shinya NAKUT!
Tetsuo MIKAMI? (1)

Summary

Perilla frutescens (L.) Britton var. frutescens has been cultivated as a traditional oilseed
crop in Japan. Perilla seed oil was once used for industrial products such as fuel for lamps,
waterproofing agent, and lacquered wares. Nowadays, it is commonly utilized to add flavor to
cooking, and the seeds are also ground and powdered for use in traditional foods as flavoring.
Perilla oil has recently received the attention of Japanese consumers because it is a good
source of health benefit compounds including unsaturated fatty acids (e.g., a-linolenic acid)
and bioactive flavonoids (e.g., luteolin). In the country, however, there has been little effort in
improving the production potential of the crop through plant breeding. The present review
is an attempt to provide the current information about the production, uses and possible
ancestry of P. frutescens var. frutescens in Japan. The paper also focuses on the problems and
prospects of genetic improvement in this crop.
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Introduction

Perilla frutescens (L.) Britton is an annual, herbaceous species.
It belongs to the Lamiaceae family along with a number of
aromatic edible plants such as basil, rosemary, sage, oregano, and
lemon balm (Kagawa et al., 2019). Two distinct cultivated types
(or varieties) are recognized. One, P. frutescens var. frutescens,
is used as an oilseed crop and the other, P. frutescens var. crispa,
as a spicy leafy vegetable (Lee et al., 2002; Nitta et al., 2003).
Var. frutescens has larger, soft seeds, green leaves and stem, and
non-wrinkled leaves (Fig. 1A), whereas var. crispa has generally
smaller, hard seeds, purple or green leaves and stem, and either
wrinkly or non-wrinkly leaves (Lee et al., 2002). The two varieties
have traditionally been cultivated in Japan, Korea, China, and
other Asian countries since ancient times (Nitta et al., 2003). P,
frutescens has recently been introduced into Europe, the United
States, and Russia as an oilseed crop or an aromatic plant (Nitta
et al., 2003).

In Japan, var. crispa is more extensively cultivated than
var. frutescens. Fresh leaves of var. crispa are easily available in
supermarkets throughout the country, and consumed for food
coloring and as a garnish or seasoning served with raw fish or
noodles. By contrast, var. frutescens is sporadically grown as
a traditional folk crop. Its seeds are used like sesame seeds, for
oil production and as a condiment for dishes (Anilakumar et al.,
2010). In recent years, var. frutescens has gained renewed attention
because its seed oil contains high amount of unsaturated fatty
acids [mainly a-linolenic acid (w-3 fatty acid)] that are expected
to be beneficial to human health (Asif, 2011; Bondioli et al., 2020).
The health benefits of var. frutescens have also been attributed
to its content of bioactive flavonoids and phenolic compounds
(Ahmed, 2019).

The objective of this article is to present an up-to-date summary
in relation to the production, uses, and cultivation practices of
var. frutescens in Japan. The paper also focuses on the ancestry of
Japanese landraces of var. frutescens, as well as the problems and
prospects of genetic improvement in this crop.

Ancestry of Japanese Landraces of P. frutescens var.
frutescens

P. frutescens is an allotetraploid species with 2n = 4x = 40
chromosomes (Honda et al., 1994). A wild species, P. citriodora
(Makino) Nakai (2n = 2x = 20) is thought to be one of diploid
genome donors for P. frutescens (Honda et al., 1994). However,
there is still no definite information about the second diploid
genome donor, and neither has the wild ancestor of P. frutescens
been determined (Nitta et al., 2003; Zhang et al., 2021).

In Japan, seed remains of Perilla (either var. frutescens or var.
crispa) were unearthed at several archaeological sites dated ca.
5000 B.P., and these seeds were probably used for flavoring foods
(Matsutani, 1983; Minaki, 1991; Nitta et al., 2003). The systematic
technique for extracting oil from seeds of var. frutescens was
devised in Japan in the mid-9* century (Nitta and Ohnishi, 1999),
and perilla seed oil was utilized as fuel for lamps until rapeseed
oil became widespread in the 17 century (Nishizawa et al., 2010;
Masuda et al., 2018). It is also worth mentioning that perilla oil was
extensively used as drying oil for waterproofing paper umbrellas
and in the manufacture of lacquered wares (Nitta and Ohnishi,
1999; Nitta et al., 2003).

The question then arises as to from where P, frutescens reached
Japan. Perilla crops most likely originated in China because China
has been assumed to be the primary center of biodiversity of
Perilla (Zeven and de Wet, 1982; Nitta et al., 2003). Var. frutescens
and var. crispa have been recognized as distinct crops in China for
a long time (Li, 1969), and with this in mind, Nitta and Ohnishi
(1999) supposed that these two crops were introduced into Japan
from China in their present forms, namely two as distinct crops.

In addition to the two Perilla crops, weedy plants of these
crops occur in Japan, Korea, and China (Nitta et al., 2003); weedy
plants grow along roadsides and riverbanks, in wastelands, and
around farmers’ fields. RAPD (Random Amplified Polymorphic
DNA) and AFLP (Amplified Fragment Length Polymorphism)
analyses were carried out to assess genetic relationships among
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two Perilla crops and their weedy types collected from Japan,
Korea, and China (Nitta and Ohnishi, 1999; Nitta et al., 2003; Lee
and Ohnishi, 2003).

The analyses led to four intriguing observations regarding the
ancestry of Japanese landraces of var. frutescens. (1) Var. frutescens
and var. crispa cultivated in Japan were clearly separated by RAPD
markers, which implies that gene flow between the two crops has
been limited though they are crossable with each other. (2) On the
whole, Japanese and Korean accessions of cultivated var. frutescens
were closely related to each other, suggesting that most of the
Japanese accessions of var. frutescens are migrants from Korea. (3)
Japanese Perilla accessions collected from the same geographic
areas were not always closely related, both in var. frutescens and
var. crispa. Perilla crops were likely introduced into Japan through
multiple routes. (4) The weedy type of var. frutescens in Japan,
Korea, and China seems to have multiple origins: some weedy
accessions may be an escaped form from cultivation or a relic
form of the var. frutescens crop that has been abandoned, and
some probably have originated from intervarietal hybrids.

Production

P, frutescens var. frutescens has been cultivated on a small scale
around Japan (Fig. 1A), particularly in hilly and mountainous
areas. After World War II, its production continuously declined
until the 2000s, with the change in Japanese dietary habits and
shrinkage in the farming population. In 2005, for example, Japan
produced only 76.7 metric tons of var. frutescens on 130.3 ha
(MAFE, 2007).

In recent years, however, the acreage and yield of this crop
have started to increase; the crop was harvested from 429.1 ha
with a total yield of 137.9 tons in 2019 (JSAPA, 2021). It seems
certain that this recovery tendency is mainly due to community
building efforts in hilly and mountainous areas. These areas have
seen significant change over the past decades. A declining and
aging population has led to a shortage of agricultural labor, which
in turn has accelerated the abandonment of farmland (Su et al.,
2018; Kitano, 2021). In hilly and mountainous areas, cultivation
of var. frutescens has been encouraged with the hope of preventing
the abandonment of cultivated land and revitalizing local
communities (Ito et al., 2006; Sodegaki et al., 2014; JSAPA, 2021).
This is largely because perilla seed oil has been in the limelight as
health food and its consumption has been expected to gradually
grow. Moreover, these areas are vulnerable to damage from
wild animals such as deer, wild boars, and Japanese macaques
(Sodegaki et al., 2014; Yasue et al., 2020). Var. frutescens is known
to give off a characteristic fragrance that can repel wild animals in
question (Sodegaki et al., 2014). This may also help to explain the
increase in the cultivation of var. frutescens.

Uses and Cultivars

As mentioned above, perilla seed oil was once widely
utilized in industrial purposes in Japan. Nowadays, perilla oil
is commonly used to add flavor to cooking thanks to its mild
aroma and refreshing taste. As shown in Fig. 1B, it is a kind of
light yellow, clear, and transparent liquid. Traditional method for
extracting perilla oil involves squeezing the oil out of seeds by
applying pressure without heating them up or at low temperature
(JETRO, 2021). Although the oil yield obtained by this mechanical

pressing method is lower than that by other methods (e.g.,
solvent extraction and aqueous enzymatic extraction), the loss of
active ingredients including linolenic acid can be avoided in the
mechanical pressing process (Zhao et al., 2021; JETRO, 2021). We
would also like to add that the oil press residue (oil cake) is used
as feed for livestock and poultry and as crop fertilizer.

In Japan, a variety of vegetables and mushrooms have been
dressed with ground seeds of var. frutescens since the distant
past (Tachibana, 1989; Ehara, 2010). The ground seeds are also
mixed with fermented soybean paste for use in traditional foods
as flavoring.

Based on the flowering time, Japanese var. frutescens cultivars
are typically classified into early (days from seeding to flowering:
<100 days), late (>130 days) and intermediate maturing types (Lee
and Ohnishi, 2001). Early maturing type is mostly cultivated in
high-latitude regions such as Hokkaido Island (41°N-46°N) and
Iwate Prefecture (38°N-40°N), whereas var. frutescens grown in
low-latitude regions [e.g., Hiroshima Prefecture (34°N-35°N)]
is late or intermediate maturing type. Seeds of Japanese var.
frutescens genotypes are almost round in shape (Fig. 1C), and 1000
seed weight was reported to range from 2.8 to 5.3 g among the
genotypes (Akimoto et al., 2020). Seed coat comes in a variety of
colors, grayish white to dark brown (Fig. 1C) (Nakamura, 2009).
Despite a very long history of cultivation of var. frutescens in
Japan, there has been very little effort in improving the agronomic
characteristics of this crop through plant breeding. In fact, most
farmers still cultivate landraces of their own regions (Nitta and
Ohnishi, 1999; Nakamura, 2009).

Cultivation Practices

Var. frutescens grows well under comparatively cool and humid
climate (Fujime, 2017). It may be direct-seeded or transplanted.
In Japan, transplanting has been widely practiced because this
method generally results in better yield and reduces the need for
weed control as compared with direct seeding. The seeds are sown
in nursery beds during mid-May through late June in the country.
Seedlings become ready for transplanting within 30 to 40 days
when they attain the height of 15 to 20 cm. This crop can grow
on most soil types, but prefers a well-drained loam or sandy-loam
soil that has good moisture retention (Fujime, 2017).

Var. frutescens is a short-day crop and typically begins flowering
in August to September (Nakamura, 2009). Harvesting should
be started when two thirds of the leaves turn yellow in color,
around one month after flowering (Nakamura, 2009). Seeds of
var. frutescens tend to fall off soon after they mature, and therefore
missing the right time to harvest causes severe yield loss. The
crop suffers relatively little damage from diseases or insects. The
representative diseases are Perilla rust (caused by Coleosporium
plectranthi), anthracnose (caused by Colletotrichum yoshinoi),
and bacterial wilt (caused by Ralstonia solanacearum) (NARO
Genebank, 2022). The insect pests such as Pyrausta panopealis and
Spodoptera litura occasionally attack this crop.

Concluding Remarks

Crop yield and quality can be improved through pest and
disease control, fertilizer application, and cultural manipulations,
but all these have to be repeated each time the crop is grown
(dela Pefia, 1990). In this regard, development of new cultivars
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through conventional plant breeding is the most stable method of
crop improvement. There are three general approaches to obtain
improved cultivars suited to needs of farmers and consumers, and
these are (1) introduction of new genotypes from other source, (2)
selection of naturally occurring variants which appear in nature or
within local landraces, and (3) generation of expanded variation
by controlled crossing or mutagenesis, and subsequent selection
of desirable variants.

Recently, two cultivars of var. frutescens (‘Hikei alps 1 go’ and
‘Hida osaka ontake 1 go’), which are rich in functional ingredients
such as a-linolenic acid and the flavonoid luteolin, have been
released in Japan (Sodegaki et al., 2014; Yasue et al., 2020). These
cultivars have been developed from selection within locally grown
landraces, and are not the products of controlled crosses.

As stated by Breseghello and Coelho (2013), simply applying
selection on pre-existing genetic diversity is an eroding process that
eventually comes to a limit. The creative power of plant breeding
certainly resides in promoting homologous recombination
between chromosomes via controlled crossing to generate novel
genetic diversity. Before cross-breeding programs can be initiated,
germplasm accessions or foundation stocks must be evaluated and
available as parent materials for hybridization. The germplasm of
var. frutescens has been augmented both through collections made
within Japan and introduced from abroad (NARO Genebank,
2021). Nevertheless, significant genetic erosion of diversity may
occur in the areas where var. frutescens cultivation has declined
substantially (Nitta et al., 2004; Yasumoto et al., 2004). More
emphasis needs to be laid on the germplasm collection of local
landraces from such areas.

Molecular markers and more recently, high-throughput
genome sequencing efforts, have dramatically increased
knowledge of and ability to characterize genetic diversity in the
germplasm pool (Moose and Mumm, 2008; Khosa et al., 2016).
Genomic applications will facilitate the selective incorporation
and utilization of diverse germplasm into var. frutescens breeding
programs. In var. frutescens, studies have been performed to
develop such markers as RAPD, AFLP, and SSR (Simple Sequence
Repeat) markers (Lee et al., 2002; Lee and Ohnishi, 2003; Nitta et
al., 2003; Sa et al., 2018; Kim et al., 2021). Among these markers,
SSR markers have been widely used for the analysis of genetic
diversity and relationships, genetic mapping and association
mapping in many crop species, because of high reproducibility,
multi-allelic nature, co-dominant inheritance, and abundance in
crop genomes (Powell et al., 1996; Baldwin et al., 2012; Oh et al,,
2021).

Most recently, Park et al. (2021) have detected several SSR
markers related to the content of fatty acids including linolenic
acid and oleic acid in var. frutescens. These SSR markers are
expected to be useful for improving the seed oil quality of var.
frutescens through marker-assisted selection. As far as we know,
however, the progress of molecular marker applications in this
crop is still at its early stage when compared to other important
crops. Efforts need to be directed towards developing effective
molecular marker resources and generating high-density linkage
maps that can assist breeders in QTL (Quantitative Trait Loci)
dissection and marker-assisted breeding.
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