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Abstract: A cytological study was carried out on four Zingiber species from Thailand, namely,
Z. chrysostachys, Z. isanense, Z. junceum, and Z. niveum, which are edible and beautiful ornamental
plants. They all have somatic chromosomal numbers of 2n = 22. This research contributes to
karyological knowledge regarding this species. The somatic chromosomal counts of Z. niveum and
Z. isanense are reported for the first time, as are the NFs of all species, which were all discovered to
be 44. All four edible and ornamental species had their karyotypes: 16m + 6sm for Z. chrysostachys,
4m + 18sm for Z. isanense, 12m + 10sm for Z. junceum, and 14m + 4sm + 4st for Z. niveum. The
dominant characteristics of these four Zingiber species are as follows: Z. chrysostachys has yellow
bracts, pale yellow flowers, and a red labellum with white dots; Z. isanensis has red-brown bracts,
white flowers, and a white labellum; Z. junceum has green bracts, yellow flowers, and a yellow
labellum; and Z. niveum has white bracts, yellow flowers, and a yellow labellum. Additionally,
principal component analysis (PCA) of the karyotype formula was used to divide the four Zingiber
species into two groups via various points using the chromosome indexes (CIs): Z. niveum (D) with
Z. chrysostachys (A), and Z. junceum (C) with Z. isanensis (B). This finding implies that, while being
in the same stage, the CIs of these four Zingiber species can be used to distinguish them, revealing
their resemblance at unique stages and close relationship. Accordingly, the chromosomal structure,
karyotype formulae, and CIs can be used to distinguish these four edibles and ornamental Zingiber
species from Thailand.

Keywords: cytogenetics; chromosome number; karyotype; Zingiber; Zingiberaceae

1. Introduction

The Zingiberaceae family, also referred to as the ginger family, consists of a vast range
of flowering plants that are found across tropical and subtropical regions globally, cov-
ering Africa, the Americas, and Asia. There are around 57 recognized groups and more
than 1900 distinct types of species [1]. Zingiberaceae plants exhibit adaptability to several
ecological circumstances, although they are primarily distributed in tropical rainforests
and damp habitats. They flourish in tropical and subtropical environments characterized
by high temperatures and moisture, where they can benefit from ample precipitation and
adequate shelter. However, certain species can also be found in arid regions exposed to
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direct sunshine. This family consists of both terrestrial and epiphytic species. The Zingib-
eraceae family is well-known for its exceptional biodiversity, encompassing a variety of
plants that are both economically useful and of great importance [2]. These plants exhibit a
diverse array of colors, forms, and sizes. Furthermore, they have been employed for diverse
applications, and the understanding of their usage has also been transmitted through gen-
erations in human societies, specifically in Southeast Asia [1,2]. Thailand has an extensive
variety of Zingiberaceae species, making it one of the countries with the highest abundance
and diversity of this plant family. Thailand harbors around 29 recognized groups and
more than 400 species of Zingiberaceae [1–17]. Thailand’s tropical climate and diversified
biosphere provide ideal conditions for the flourishing and spread of Zingiberaceae species.
Plants belonging to the ginger family have diverse applications, serving as food and spice
sources, medicinal plants, decorative flowers, and cultural symbols. They are involved
in traditions, such as offering flowers to monks, and tourism, like the Krachiew flower
fields in Chaiyaphum province. Additionally, they are used in the production of cosmetics,
dyes, and essential oil extracts and in spas [2]. Thailand is highly significant for under-
standing the wide variety and range of evolutionary tendencies within this intriguing plant
family [6].

The large genus Zingiber belongs to the Zingiberaceae family [2]. Zingiber has been
found in China, India, Australia, Southeast Asia, Papua New Guinea, and China [17–19].
The medicinal herbs Zingiber officinale (or ginger), Z. montanum, and Z. zerumbet, among
others, are important [16]. There are a total of 56 Thai Zingiber species, consistent with
60 taxa [17]. Zingiber, as a result, belongs to one of the most diverse genera in Thailand [17].
There are many uses for the plants in this genus. Many Zingiber species’ rhizomes are often
utilized in Thai food as sauces or other components. Other species are also used as food,
medicinal plants, ornamental plants, commercial plants, and ritual plants [6]. Zingiber
corallinum, Z. myoga, Z. officinale, Z. striolatum, and Z. zerumbet have been the focus of studies
on biological and pharmacological activity, but a vast number of phytochemical constituents
have since been discovered that are thought to represent genus features [18], suggesting
that many more species in this genus should possess the same application potential.

The study of the chromosomes of plants in the ginger family mostly involves studying
their chromosome numbers [20–26]. As for the study of karyotypes and ideograms, it
was found that there are very few studies [23–25]. This may be due to the small size
of chromosomes in the plant family, and Evaluating the distribution of chromosomes is
a difficult assignment. This could explain the low number of studies conducted on the
chromosomes of plants within the ginger family [13–15]. Moreover, it has been found that
there are very few chromosome studies on the Zingiber genus [26–30].

Notwithstanding, previous cytogenetic studies on Zingiber showed that Zingiber
chrysostachys [22], Z. corallinum [11], Z. junceum [23], Z. ligulatum [25], Z. mekongense [23],
Z. mioga [28], Z. macrostachyum [25], Z. montanum [10,29], Z. officinale [15,25,29], Z. ot-
tensii [22,29], Z. parishii subsp. phuphanense [25], Z. purpureum [22,25], Z. roseum [25],
Z. rubens [23], Z. wightianum [25], Z. aff. wrayi [15], Z. zerumbet [22,23,25], have a chromoso-
mal count of 2n = 22.

Additionally, karyotype studies have reported the formulae of a few Zingiber species,
i.e., Zingiber montanum (2a + 18m + 2sm) [10], Zingiber officinale [31], and Z. ligulatum
(10m + 12sm), as well as Z. parishii subsp. phuphanense (16m + 6sm) [25]. Zingiber genus
ideogram investigations have been limited to three species: Zingiber ligulatum [25], Z.
montanum [10], and Z. parishii subsp. phuphanense [25].

Research team discovered four species of Zingiber, namely, Z. chrysostachys, Z. isanensis,
Z. junceum, and Z. niveum, while collecting samples from the Zingiberaceae family in the
northeastern part of Thailand. Additionally, villagers utilized these plants in a variety
of ways; for example, young inflorescences, leaves, and rhizomes can all be eaten as
vegetables or used in local food, including as ingredients in local soups and salads. The
rhizomes, pseudostems, and young inflorescences of the four Zingiber species mentioned
above were traded at the local market. Furthermore, villagers cultivated them in their
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gardens for ornamental use, as the inflorescences and pseudostems of all the plants are
attractive [2,6,16]. Therefore, each of the four Zingiber plants is widely sought after for
both food and ornamental uses and can be readily purchased in the regions where they are
native. These forest plants were discovered to be extensively cultivated and propagated
within the community for the purpose of harvesting flowers and rhizomes, which are then
sold in the local market or sent to other provinces. These four species of Zingiber plants are
economically significant at the community level in Northeastern Thailand and have been
integral to the local people’s way of life since ancient times [16,17,23].

Moreover, they are consumed locally. Zingiber junceum and Z. isanense are listed as
least-concern (LC) species on the IUCN Red List [19]; however, Zingiber chrysostachys and
Z. niveum are listed as endangered (EN). All four species are classified as rare in Thailand
according to the World Checklist of Selected Plant Families [1]. Researchers are interested
in researching the chromosomal information of these plants due to the aforementioned
reasons. The purpose of this research is to provide fundamental data for the subsequent
advancement of these plants as widely consumed indigenous food crops. The goal of this
research is to advocate for the cultivation of ornamental plants and flowers as profitable
agricultural commodities. Hence, knowledge of chromosome information holds great
significance for future advancements.

Several experts have recognized the significance of chromosomal information in plant
systematics and evolution. Chromosome morphology can help us comprehend taxonomic
relationships at the general and subgenomic levels. Chromosomal morphologies and
structures serve as the basis for taxonomy [20,21]. Previous investigations have clarified the
chromosomal structures of very few Zingiber species [22–24], although there is still a lack of
knowledge of karyology. The chromosomal numbers of these four edibles and ornamental
Zingiber species, namely, Z. chrysostachys, Z. isanensis, Z. junceum, and Z. niveum, have been
recorded in a few publications. However, their karyological aspects have never been studied
before. As a result, the purpose of this study was to provide more information regarding
their chromosome numbers, the Fundamental Number (NF: number of chromosome arms),
and karyotype forms.

2. Materials and Methods
2.1. Sample Collection

Zingiber chrysostachys (coll. No. Saensouk 3900), Z. niveum (coll. No. Saensouk 3901),
Z. isanense (coll. No. Saensouk 3902), and Z. junceum (coll. No. Saensouk 3903) were
obtained from natural settings in different provinces in the northeastern part of Thailand.
Zingiber chrysostachys was discovered in a villager’s garden (a deciduous dipterocarp forest)
in Nakhon Phanom Province, which is located in the upper region of the northeastern part
from Thailand. Z. niveum and Z. isanense were collected from a deciduous dipterocarp
forest (a villager’s garden) in Ubon Ratchathani Province, which is located in the lower
region of Northeast Thailand. Z. junceum was obtained from a villager’s garden (which was
like a deciduous dipterocarp forest) in Beung Kan Province, located in the upper region of
Northeast Thailand. They were kept alive by being grown in a nursery at Mahasarakham
University in Thailand’s Maha Sarakham Province. Figure 1 depicts the blooms of the
species investigated in this study.

2.2. Chromosome Number and Karyotype Study

Root tips from four Zingiber species, which are both edible and ornamental, were
prepared with paradichlorobenzene at 4 ◦C for 6 h before being fixed in ethanol-acetic acid
(3:1, v:v) at room temperature for 30 min. The roots were kept at 4 ◦C in case they needed
to be used later. The samples were rinsed in distilled water, hydrolyzed in 1 M of HCl
for 5 min at 60 ◦C, and then washed again in distilled water. They were dyed with 2%
aceto-orcein and examined using the squash technique. Observations were made using a
light microscope (Zeiss Axiostar Plus: Carl Zeiss Light Microscopy, Göttingen, Germany)
operated at 400× magnification [25,26]. The metaphase plates with well-individualized



Horticulturae 2024, 10, 409 4 of 13

chromosomes were imaged. The chromosomes were counted, and the karyotype formu-
las were determined from measurements of the metaphase chromosomes apparent in
photomicrographs. The chromosome morphology was described using the terminology
used [22,24–35].
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Figure 1. Flowers of edible and ornamental Zingiber species in this study: (a) Zingiber chrysostachys,
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2.3. Statistical Analysis

The average karyotype of all four Zingiber species, which includes measurements of
the short arm chromosome, long arm chromosome, total chromosome arms, relative length,
and centromeric index, was used as a representation of all the results. The average was
calculated by taking into account all the variables, along with one standard deviation (SD).
We used calculations, following the methods defined in references [28–31], to evaluate the
similarity among the four Zingiber species. Our study focused on the karyotype formula
data and the presence or absence of distinguishing features related to somatic chromosomes.
We took into account a somatic chromosomal number of 2n = 22. In addition, we assigned
a binary value of 1 or 0 to indicate the morphological traits of the four Zingiber species that
were analyzed. A distance matrix was used in the dendrogram (UPGMA) (unweighted
pair group method with arithmetic mean) [32–34], and principal component analysis
(PCA) [22,34–39] was performed using SPSS version 29.

3. Results

The Zingiber (family: Zingiberaceae) species Z. chrysostachys, Z. isanense, Z. junceum,
and Z. niveum, obtained from several provinces in Thailand for this study (Figure 1), were
identified as rare species in Thailand. Two species are considered endangered (Zingiber
chrysostachys and Z. niveum), while two are considered least-threatened (Zingiber isanense
and Z. junceum). Figure 2 shows photomicrographs of the chromosomes from the four
species. Table 1 summarizes the somatic chromosomal counts corresponding to the root
tips of four rare Zingiber species. For each species, chromosomal counts were performed on
ten metaphase plates. All the species’ chromosomal counts were discovered to be 2n = 22.
Figures 3 and 4 show the species’ karyotypes and ideograms, respectively.
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Table 1. The cytogenetics with conservation status, dominant characteristics, and traditional uses of the four species in the genus Zingiber analyzed in the
present study.

Species n 2n NF
Karyotype
Formula

(Symmetry)

Conservation Status
(Based on

WCSP/IUCN 2022)

Dominant
Characteristics Traditional Uses Location

(Provinces) References

Zingiber
chrysostachys - 22 44 *

16m + 6sm *
(Symmetry
karyotype)

Rare species/
Endangered

yellow bracts, pale
yellow flowers, and a

red labellum with
white dots

- Young inflorescences and
young leaves are used as
vegetables or local food.
- Ornamental plants

Thailand
(Nakhon
Phanom)

Present study

11 - - - - Malaysia [22]

- 22 - - - Thailand (Sakon
Nakhon) [23]

Z. isanense - 22 * 44 *
2m + 20sm *
(Symmetry
karyotype)

Rare species/
Least Concern

red-brown bracts,
white flowers, and a

white labellum

- Young leaves are used as
vegetables or local food.
- Ornamental plants

Thailand (Ubon
ratchathani) Present study *

Z. junceum - 22 44 *
12m + 10sm *
(Symmetry
karyotype)

Rare species/
Least Concern

green bracts, yellow
flowers, and a yellow

labellum

- Young inflorescences,
young leaves, and young
rhizomes are used as
vegetables or local food.
- Ornamental plants

Thailand (Bueng
Kan) Present study

- 22 - - - Thailand (Sakon
Nakhon) [23]

Z. niveum - 22 * 44 *

14m + 4sm + 4st
*

(Asymmetry
karyotype)

Rare species/
Endangered

white bracts, yellow
flowers, and a yellow

labellum

- Young inflorescences,
young leaves, and young
rhizomes are used as
vegetables or local food.
- Ornamental plants

Thailand (Ubon
ratchathani) Present study *

* = First time report.
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The most important distinguishing characteristics of these four Zingiber species, which
can be used for both food and ornamentation, are as follows: Z. chrysostachys has yellow
bracts, pale yellow flowers, and a red labellum adorned with white dots. Z. isanensis has
red-brown bracts, white flowers, and a white labellum. Z. junceum features green bracts,
yellow flowers, and a yellow labellum. Lastly, Z. niveum presents white bracts, yellow
flowers, and a yellow labellum.

In the field survey, we recorded the conventional utilization of all four edible and
ornamental Zingiber species. The young inflorescences and young leaves of all species are
utilized as edible vegetables or local foods. Additionally, young rhizomes of two specific
species (Z. junceum and Z. niveum) were eaten as fresh vegetables or as part of the local
cuisine. All of these species are utilized for ornamental purposes, namely, as plants for
one’s home.

These four species, which can be eaten or used for ornamentation, have a highly
beneficial arrangement of chromosomes in each cell. Consequently, in this study, specific
counting of chromosomes could be conducted by using intact plant root parts and employ-
ing treatments such as chromosomal identifying and technological addition, resulting in
good karyotype and ideogram data.

Zingiber chrysostachys has a somatic chromosomal number of 2n = 22 and a fundamental
number (NF) of 44 (Figure 2a) (Table 1). The karyotype of Zingiber chrysostachys contained
eight pairs of metacentric chromosomes and three pairs of submetacentric chromosomes.
The karyotype formula was 16m + 6sm, indicating that the karyotype was symmetrical
(Table 1, Figure 3a). Because of the arm ratio, it had a symmetrical karyotype. The short
arm length was 0.68 ± 0.04 to 1.40 ± 0.09 µm, the long arm length was 0.98 ± 0.06 to
2.17 ± 0.65 µm, and the total chromosomal length was 1.66 ± 0.11 to 3.57 ± 0.73 µm. The
centromeric index (CI) ranged from 0.54 ± 0.06 to 0.64 ± 0.10, and the relative chromosomal
length (RL) ranged from 5.91 ± 0.04 to 12.72 ± 0.04% (Table 2). The CI and the average
length of chromosomes were used to arrange the chromosomes into an ideogram with size
decreasing from left to right (Figure 4a).

Table 2. Mean lengths of short-arm chromosomes (Ls), long-arm chromosomes (Ll), total chromosome
arm (LT), relative length (RL), and centromeric index (CI) of four Zingiber species obtained from 10
metaphase plates.

Zingiber chrysostachys (2n = 22)

Chro. Pair Ls ± SD (µm) Ll ± SD (µm) LT ± SD (µm) RL (%) CI Chromosome Type

1. 1.40 ± 0.09 2.17 ± 0.65 3.57 ± 0.73 12.72 ± 0.04 0.61 ± 0.08 Submetacentric
2. 1.09 ± 0.07 1.92 ± 0.13 3.02 ± 0.21 10.75 ± 0.06 0.64 ± 0.10 Submetacentric
3. 1.20 ± 0.08 1.81 ± 0.12 3.01 ± 0.20 10.74 ± 0.08 0.60 ± 0.06 Submetacentric
4. 1.18 ± 0.07 1.61 ± 0.12 2.78 ± 0.18 9.92 ± 0.06 0.58 ± 0.04 Metacentric
5. 1.10 ± 0.06 1.49 ± 0.10 2.59 ± 0.16 9.24 ± 0.04 0.57 ± 0.08 Metacentric
6. 1.15 ± 0.07 1.36 ± 0.09 2.51 ± 0.16 8.94 ± 0.08 0.54 ± 0.06 Metacentric
7. 1.03 ± 0.06 1.40 ± 0.10 2.43 ± 0.16 8.68 ± 0.08 0.58 ± 0.04 Metacentric
8. 1.00 ± 0.06 1.36 ± 0.08 2.36 ± 0.14 8.41 ± 0.04 0.58 ± 0.04 Metacentric
9. 0.91 ± 0.06 1.18 ± 0.08 2.08 ± 0.14 7.43 ± 0.04 0.56 ± 0.06 Metacentric
10. 0.91 ± 0.06 1.13 ± 0.08 2.04 ± 0.13 7.27 ± 0.08 0.56 ± 0.06 Metacentric
11. 0.68 ± 0.04 0.98 ± 0.06 1.66 ± 0.11 5.91 ± 0.04 0.59 ± 0.08 Metacentric

Zingiber isanensis (2n = 22)

Chro. Pair Ls ± SD (µm) Ll ± SD (µm) LT ± SD (µm) RL (%) CI Chromosome Type

1. 1.37 ± 0.05 2.45 ± 0.01 3.83 ± 0.06 13.00 ± 0.02 0.64 ± 0.01 Submetacentric
2. 1.29 ± 0.02 2.22 ± 0.01 3.51 ± 0.02 12.00 ± 0.01 0.63 ± 0.01 Submetacentric
3. 1.12 ± 0.02 2.03 ± 0.01 3.15 ± 0.03 11.00 ± 0.01 0.64 ± 0.01 Submetacentric
4. 1.07 ± 0.03 1.96 ± 0.01 3.03 ± 0.04 10.00 ± 0.01 0.65 ± 0.01 Submetacentric
5. 1.04 ± 0.03 1.58 ± 0.01 2.62 ± 0.03 9.00 ± 0.01 0.59 ± 0.01 Metacentric
6. 0.98 ± 0.01 1.54 ± 0.01 2.52 ± 0.01 9.00 ± 0.01 0.61 ± 0.01 Submetacentric
7. 0.94 ± 0.02 1.50 ± 0.01 2.44 ± 0.02 8.00 ± 0.01 0.61 ± 0.01 Submetacentric
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Table 2. Cont.

Zingiber isanensis (2n = 22)

Chro. Pair Ls ± SD (µm) Ll ± SD (µm) LT ± SD (µm) RL (%) CI Chromosome Type

8. 0.83 ± 0.01 1.44 ± 0.01 2.26 ± 0.01 8.00 ± 0.01 0.64 ± 0.01 Metacentric
9. 0.77 ± 0.01 1.39 ± 0.01 2.16 ± 0.01 7.00 ± 0.01 0.64 ± 0.01 Submetacentric

10. 0.75 ± 0.01 1.28 ± 0.01 2.04 ± 0.01 7.00 ± 0.01 0.63 ± 0.01 Submetacentric
11. 0.68 ± 0.01 1.08 ± 0.01 1.76 ± 0.01 6.00 ± 0.01 0.61 ± 0.01 Submetacentric

Zingiber junceum (2n = 22)

Chro. Pair Ls ± SD (µm) Ll ± SD (µm) LT ± SD (µm) RL (%) CI Chromosome Type

1. 1.24 ± 0.08 2.22 ± 0.65 3.46 ± 0.73 12.00 ± 0.16 0.64 ± 0.13 Submetacentric
2. 1.27 ± 0.07 1.83 ± 0.13 3.10 ± 0.20 10.76 ± 0.15 0.59 ± 0.12 Metacentric
3. 1.06 ± 0.07 1.95 ± 0.13 3.01 ± 0.19 10.45 ± 0.13 0.65 ± 0.12 Submetacentric
4. 1.00 ± 0.06 1.76 ± 0.12 2.76 ± 0.18 9.58 ± 0.14 0.64 ± 0.13 Submetacentric
5. 1.12 ± 0.06 1.54 ± 0.10 2.66 ± 0.16 9.21 ± 0.13 0.58 ± 0.12 Metacentric
6. 1.14 ± 0.07 1.44 ± 0.09 2.58 ± 0.16 8.95 ± 0.12 0.56 ± 0.12 Metacentric
7. 1.13 ± 0.06 1.40 ± 0.10 2.54 ± 0.16 8.80 ± 0.12 0.55 ± 0.10 Metacentric
8. 1.00 ± 0.06 1.45 ± 0.09 2.46 ± 0.14 8.51 ± 0.10 0.59 ± 0.10 Metacentric
9. 0.93 ± 0.05 1.45 ± 0.09 2.38 ± 0.14 8.26 ± 0.10 0.61 ± 0.09 Submetacentric
10. 0.89 ± 0.05 1.39 ± 0.08 2.28 ± 0.13 7.92 ± 0.09 0.61 ± 0.09 Submetacentric
11. 0.66 ± 0.04 0.95 ± 0.06 1.61 ± 0.10 5.57 ± 0.08 0.59 ± 0.10 Metacentric

Zingiber niveum (2n = 22)

Chro. Pair Ls ± SD (µm) Ll ± SD (µm) LT ± SD (µm) RL (%) CI Chromosome Type

1. 1.65 ± 0.10 2.33 ± 0.68 3.98 ± 0.78 12.50 ± 0.20 0.58 ± 0.10 Metacentric
2. 1.61 ± 0.09 2.24 ± 0.15 3.85 ± 0.24 12.08 ± 0.12 0.58 ± 0.10 Metacentric
3. 1.47 ± 0.09 2.25 ± 0.14 3.72 ± 0.23 11.66 ± 0.09 0.61 ± 0.12 Subtalocentric
4. 1.19 ± 0.08 1.88 ± 0.13 3.07 ± 0.21 9.63 ± 0.12 0.61 ± 0.12 Subtalocentric
5. 1.09 ± 0.07 1.67 ± 0.11 2.76 ± 0.18 8.68 ± 0.09 0.60 ± 0.10 Submetacentric
6. 1.29 ± 0.08 1.47 ± 0.10 2.76 ± 0.18 8.66 ± 0.10 0.53 ± 0.09 Metacentric
7. 1.05 ± 0.07 1.63 ± 0.11 2.68 ± 0.18 8.42 ± 0.09 0.61 ± 0.12 Submetacentric
8. 1.06 ± 0.06 1.51 ± 0.09 2.56 ± 0.16 8.05 ± 0.08 0.59 ± 0.09 Metacentric
9. 1.03 ± 0.07 1.22 ± 0.09 2.25 ± 0.15 7.06 ± 0.06 0.54 ± 0.08 Metacentric
10. 1.02 ± 0.06 1.26 ± 0.08 2.28 ± 0.15 7.16 ± 0.09 0.55 ± 0.09 Metacentric
11. 0.86 ± 0.06 1.09 ± 0.07 1.94 ± 0.13 6.10 ± 0.12 0.56 ± 0.010 Metacentric

Zingiber isanense has 2n = 22 somatic chromosomes and an NF = 44 (Figure 2b, Table 1).
There were two pairs of metacentric chromosomes and nine pairs of submetacentric chromo-
somes in the corresponding karyotype. Its arm ratio and karyotype formula of 4m + 18sm
place it in the symmetrical karyotype group (Figure 3b). The short arm length was 0.68 ±
0.01 to 1.37 ± 0.05 µm, the long arm length was 1.08 ± 0.01 to 2.45 ± 0.01 µm, and the total
chromosomal length was 1.76 ± 0.01 to 3.83 ± 0.06 µm. The RL ranged from 6.00 ± 0.01
to 13.00 ± 0.02%, while the CI ranged from 0.59 ± 0.01 to 0.65 ± 0.01, as shown in Table 2.
Figure 4b shows the ideogram that was created.

Zingiber junceum has 2n = 22 chromosomes and an NF = 44 (Figure 2c) (Table 1).
Six pairs of metacentric and five pairs of submetacentric chromosomes were discovered. Be-
cause of the formula, namely, 12m + 10sm, and the arm ratio of the chromosomes, the kary-
otype seemed to be symmetrical. The short arm length was 0.66 ± 0.04 to 1.24 ± 0.08 µm,
the long arm length was 0.95 ± 0.06 to 2.22 ± 0.65 µm, and the total chromosomal length
was 1.61 ± 0.10 to 3.46 ± 0.73 µm. Table 2 shows that the RL ranged from 5.57 ± 0.08 to
12.00 ± 0.16% and that the CI ranged from 0.59 ± 0.10 to 0.64 ± 0.13 (Table 2). Figure 4c
shows the ideogram that was created.

The somatic chromosomal number of Zingiber niveum, reported herein for the first
time, is 2n = 22, with an NF = 44 (Figure 2d, Table 1). There were seven pairs of metacentric
chromosomes, four pairs of submetacentric chromosomes, and four pairs of subtelocentric
chromosomes found. 14m + 4sm + 4st was the karyotype formula. The arm ratio revealed
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that it was a asymmetrical karyotype (Table 1, Figure 3d). The short arm length was
0.86 ± 0.06 to 1.65 ± 0.10 µm, the long arm length was 1.09 ± 0.07 to 2.33 ± 0.68 µm, and
the total chromosomal length was 1.94 ± 0.13 to 3.98 ± 0.78 µm. The RL ranged from
6.10 ± 0.12 to 12.50 ± 0.20, and the CI varied from 0.56 ± 0.10 to 0.58 ± 0.10 (Table 2). The
ideogram of Zingiber niveum is depicted in Figure 4d.

3.1. The Similarity Index of Four Rare Zingiber Species

The results of a UPMG cluster analysis, which examined the similarity among four
species of Zingiber, included Zingiber chrysostachys, Z. isanense, Z. junceum, and Z. niveum.
This analysis was based on their karyotype formulas, which represent the chromosome
characteristics and 30 morphological characteristics of each species. The UPMG cluster
analysis produced a dendrogram, a diagram showing the relationships among these species
based on their similarities in terms of chromosome characteristics and morphology. The
dendrogram revealed that Zingiber junceum and Z. niveum are the most similar to each other
in terms of their karyotype formulas and morphologies; these two species have similar
flowers and inflorescences. Following them, Z. chrysostachys showed a moderate level of
similarity, while Z. isanense exhibited the least similarity to the other species (Figure 5).
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of karyotype formulars, similarity index, and 30 morphological characteristics with a cophenetic
correlation = 0.9686.

The UPMG cluster analysis provided valuable insights into the similarities among
four distinct species of Zingiber: Z. chrysostachys, Z. isanense, Z. junceum, and Z. niveum.
The analysis yielded karyotype formulas, similarity indices, and 30 morphological char-
acteristics. The cophenetic correlation, which is 0.9686, indicates a high level of similarity
among the four Zingiber species, with a 96.86% similarity rate. Crucially, this analysis
utilized karyotype formulas as the basis for comparison, offering a glimpse into the unique
chromosome characteristics of each species according to their morphologies.

3.2. The PCA Score Plot of CI

The PCA score plot of Zingiber chrysostachys, Z. isanensis, Z. junceum, and Z. niveum,
based on CIs, showed that component 1 accounts for 60.25% of the total variance, while
component 2 accounts for 37.64%. All four species are in the same stage, which means that
their CIs are similar to each other. The CIs can be used to differentiate between different
points. This presentation divides the four species into two groups: Zingiber niveum (D) with
Z. chrysostachys (A), and Z. junceum (C) with Z. isanensis (B). This indicates that the CIs of
each group are closely related (Figure 6). This result suggests that the CIs of these four rare
Zingiber species can be employed to differentiate them even if they are in the same stage,
signifying their similarity yet distinct stages while remaining closely related.
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4. Discussion

According to the Plants of the World Online database [17], four edible and ornamental
species of Zingiber are rare in Thailand: Zingiber chrysostachys, Z. isanensis, Z. junceum, and
Z. niveum. Furthermore, two species are classified as endangered (Zingiber chrysostachys
and Z. niveum), and two as being of least concern (Zingiber isanensis and Z. junceum), in the
International Union for Conservation of Nature and Natural Resources database [16].

Zingiber chrysostachys, Z. isanensis, Z. junceum, and Z. niveum are four rare edible and
ornamental Zingiber species discovered in Thailand. They all have the same somatic chro-
mosomal number, 2n = 22 [23,24]. Similarly, it was determined that this species’ haploid
chromosome number in Malaysia was n = 11 [23]. The somatic chromosomal counts of
Zingiber niveum and Z. isanense are reported herein for the first time. We determined the
somatic chromosomal numbers of Zingiber chrysostachys and Z. junceum to be 2n = 22 [23]
(Table 1). The NFs of these four Zingiber species were determined to be 44, which aligns
with the research results reported by Saensouk and Saensouk [25]. The arm ratio analysis
revealed that individuals of three species (Z chrysostachys, Z. isanensis, and Z. junceum) had
a karyotype that showed symmetrical characteristics, which corresponds to the findings
published by Saensouk and Saensouk [25]. On the other hand, Z. niveum had an asym-
metrical karyotype. Nevertheless, the NFs, karyotypes, and ideograms of all four species
have been determined for the first time. Therefore, while the chromosome number was
consistent across all four species, there were differences in the CIs, RL (%), karyotypes, and
ideograms among the species. These differences can be attributed to environmental factors
such as the plant’s location, soil composition, water availability, air quality, etc.

The chromosomal structures and karyotype formulae of these four Zingiber species
can be used to distinguish them. Researchers can distinguish plants by analyzing their
chromosomal and morphological characteristics [36]. The total chromosomal length ranged
from 3.46 ± 0.73 µm (Z. junceum) to 3.98 ± 0.78 µm (Z. niveum), which is shorter than the
measurements reported in a previous work by Saensouk and Saensouk [25]. This difference
in length can be attributed to various environmental conditions, age, or periods of develop-
ment. The RL content varied from 12.00 ± 0.16% (Z. junceum) to 13.00 ± 0.02% (Z. isanensis),
which differs from the earlier findings reported by Saensouk and Saensouk [25]. This
difference could be attributed to variations in environmental circumstances, age, or devel-
opmental stages. Furthermore, the CI ranged from 0.65 ± 0.01 (Z. isanense) to 0.58 ± 0.10
(Z. niveum), which contrasts with the previous results documented by Saensouk and Saen-
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souk [25]. This disparity can be ascribed to differences in environmental conditions, age, or
phases of development.

Karyological data can be employed in cytotaxonomy or karyosystematics since they
can represent the genetic links between the species being studied [37]. These features are
considered advantageous due to the fact that they are not influenced by environmental
circumstances, age, or developmental stages [38]. This research has found that the chromo-
somal numbers of all four Zingiber species are the same. Nonetheless, banding patterns in
karyotypes with identical morphologies can differ significantly [39]. Banding patterns in
karyotypes with identical shapes can, however, vary dramatically [39].

The PCA score plot of Zingiber chrysostachys, Z. isanense, Z. junceum, and Z. niveum,
based on CI, showed that all four rare species are in the same stage, which means that
their CIs are similar to each other. However, this study based on CIs could be divided into
two groups, namely, Zingiber niveum (D) with Z. chrysostachys (A) and Z. junceum (C) with
Z. isanense (B), which is consistent with [17], who reported the morphological features of
leaf blades of Z. niveum (D) and Z. chrysostachys (A) were reported as oblong to lanceolate.
On the other hand, the second group, consisting of Z. junceum (C) and Z. isanensis (B),
showed narrow lanceolate leaf blade morphology.

Beyond the four rare edible plants belonging to the Zingiber genus, four had distinct
karyotype formulas and chromosome structures. However, not all evidence can be sued to
differentiate between these four species. The CI is capable of distinguishing between the
four species, notwithstanding the fact that the CI values seem to be aligned in the same
direction. Additionally, the leaf blade morphologies of these four species can serve as a
characteristic with which to differentiate them. According to the findings of this study, it is
feasible to categorize all four species of Zingiber using the PCA of the karyotype formula,
the CI, and the morphological characteristics of the leaf blade.

Therefore, these data will help in supporting the development of plant breeding
for commercial purposes in the future and are expected to generate more income for
the community.

5. Conclusions

Cytological research was conducted on four species of Zingiber (Z. chrysostachys, Z. isa-
nensis, Z. junceum, and Z. niveum) that are edible and ornamental, with the aim of obtaining
more knowledge of these species. Their somatic chromosomal numbers are all 2n = 22. Our
knowledge of these species’ karyology has been increased by this investigation. For the first
time, both the somatic chromosomal counts of Zingiber niveum and Z. isanense—in addition to
the NFs of all species, all of which were found to be 44—were reported. The karyotypes for all
four of these endangered species were made available: 16m + 6sm for Zingiber chrysostachys,
4m + 18sm for Z. isanense, 12m + 10sm for Z. junceum, and 14m + 4sm + 4st for Z. niveum. The
karyotypes are symmetrical for each individual. Chromosome architecture and karyotype
formulae were used to distinguish four rare Zingiber species from Thailand.

The CIs can be used to categorize these into various points. The four species were
divided into two groups in this presentation: Zingiber niveum (D) and Z. chrysostachys (A),
and Z. junceum (C) and Z. isanensis (B). This suggests a close relationship between the CIs
of each group (Figure 5). This finding implies that, while in the same stage, the CIs of these
four rare Zingiber species can be used to distinguish them, indicating their resemblance at
unique stages while still being closely related.

The information obtained from this study helps promote the conservation of plants
in the areas that are their habitats, which will lead to the conservation of these rare plants
and their habitats. Consequently, the genetics of these plants persist, allowing for their
propagation and development into ornamental plants with economic value, which could
potentially boost a community’s income.
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