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Cytological analysis of ginseng carpel development
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Abstract Panax ginseng Meyer, commonly known as ginseng,
is considered one of the most important herbs with pharmaceu-
tical values due to the presence of ginsenosides and is cultivated
for its highly valued root for medicinal purposes. Recently, it has
been recognized that ginseng fruit contains high contents of
triterpene such as ginsenoside Re as pharmaceutical compounds.
However, it is unclear how carpel, the female reproductive tissue
of flowers, is formed during the three-year-old growth before
fruit is formed in ginseng plants. Here, we report P. ginseng
carpel development at the cytological level, starting from the
initial stage of ovule development to seed development. The
carpel of P. ginseng is composed of two free stigmas, two free
styles, and one epigynous bilocular ovary containing one ovule
in each locule. Based on our cytological study, we propose that
the female reproductive development in P. ginseng can be
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classified into seven stages: early phase of ovule development,
megasporogenesis, megagametogenesis, pre-fertilization, fertili-
zation, post-fertilization, and seed development. We also describe
the correlation of the female and male gametophyte development
and compare morphological differences in carpel development
between ginseng and other higher plants. One unique feature for
ginseng seed development is that it takes 40 days for the embryo
to develop to the early torpedo stage and that the embryo is small
relative to the seed size, which could be a feature of taxonomic
importance. This study will provide an integral tool for the study
of the reproductive development and breeding of P. ginseng.

Keywords Panax ginseng - Ontogeny - Ovule -
Ultrastructure - Stages of carpel development

Introduction

Sexual reproduction is a major process in the life cycle of
flowering plants, as it is essential for seed production to generate
a new population of offspring (Robert et al. 2015; Zhang et al.
2015). This process depends on highly specialized reproductive
organs, stamen (male) and carpel (female), which are protected
by flower buds until anthesis. Both reproductive organs have
tightly coordinated mechanisms that are indispensable for effec-
tive fertilization and production of viable seeds (Vivian-Smith
et al. 2001; Robert et al. 2015). Through the fusion of haploid
gametes, fertilization initiates the development of a new diploid
organism (Dresselhaus et al. 2016). Following fertilization, the
ovule develops into a seed while the surrounding carpel differ-
entiates into a fruit to complete a successful reproduction
(Coombe 1976; Vivian-Smith et al. 2001). The major seed com-
ponents, embryo and endosperm, are formed after the fusion of
two sperm cells with two dimorphic female gametes, the egg and
the central cell, respectively (Dresselhaus et al. 2016). Successful
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