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ABSTRACT

The Phaius callosus and Phaius montanus orchids are ornamental
orchids with high ornamental value and are classified as
endangered plants. Genetic information from Phaius
callosus and Phaius montanus orchids will facilitate plant breeding
as it is essential to improve ornamental plant properties.
Chromosome analysis aims to determine chromosomes' shape,
number, and size. The research was conducted at the Cytology
Laboratory of the LIPI Biology Research Center, Bogor, West Java.
Analysis of research results based on observations of shooting
results and data on the size and shape of chromosomes was carried
out descriptively. The chromosome number of Phaius
callosus and Phaius montanus had a similarity of 2n = 46,
metacentric in shape. The chromosome size of Phaius callosus was
1.30 ± 0.29, while that of Phaius montanus was 2.32 ± 1.01. The
karyotype formula of Phaius callosus and Phaius montanus had a
similarity of 2n=46=23mwhich was dominantly metacentric.
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1. INTRODUCTION

Phaius is a terrestrial plant from the Epidendroideae subfamily that acts as an ornamental
plant and a high-value ethnobotanical plant (Ackerman, 2012; Kanwal, 2014). Currently, the
availability of Phaius plants in nature is classified as rare and on the verge of extinction due to
over-harvesting, such as in Australia, Japan, and India (Hirano et al., 2009; ShuFen et al., 2012;
Simmons et al., 2018). Phaius has a characteristic that is the presence of bulbs, and the shape
of the leaves is lanceolate with a pointed tip (Kurniawan et al., 2020). The results of the
molecular analysis showed that the genus Phaius was grouped into one cluster, which
confirmed morphologically that there were similarities in both stems, leaves, and flowers
(Yuhanna et al., 2021). The differences in the characteristics of the Phaius callosus and Phaius
montanus plants are found in the location of the flowers, the dorsal sepal color pattern, the
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presence of spurs, the cross-section of the lips, and the number of polynias (Hartati et al.,
2021).

The relationship between plants is not only seen based on morphology but can also be seen
based on genetic relationships. Cytology is a branch of science that deals with cells, including
chromosomes. Chromosomal studies play a role in determining plant genetic diversity, as
indicated by the number of chromosomes and karyotype analysis (Daviña et al., 2009; Than et
al., 2011).

Knowledge of the cytological characteristics of orchids is beneficial in developing orchid plant
breeding, especially in forming new varieties and improving plant properties. There are
several known cytological characteristics of orchids, including Bulbophyllum auricomum Lindl.
(Than et al., 2011), Catasetum (De Oliveira et al., 2014), Coelogyne pandurata Lindley (Hartati
et al., 2017), Gastrodia javanica (Blume) Lindl. (Aoyama & Yokota, 2012), Cattleya (Da Silva et
al., 2017), Chloraea and Gavilea (Aoyama et al., 2013). Studies on Phaius callosus and Phaius
montanus have never been carried out before, so this research is in the form of a chromosome
analysis study that aims to determine the number, size, shape, and karyotype pattern of the
two species of Phaius callosus and Phaius montanus.

2. METHODOLOGY

The research was carried out in March-June 2019 at the Cytology Laboratory of the LIPI
Biology Research Center, Bogor, West Java. The Phaius callosus and Phaius montanus orchids
are from the LIPI Bogor collection. Materials for chromosome observation preparations using
meristematic root tips, HCl, Orcein, 45% glacial acetic acid, alcohol, and Acetocarmin.

The chromosome preparations were taken from the root meristem, cleaned, then soaked in
distilled water and stored in the refrigerator for 24 hours. The root pieces were washed three
times using distilled water, then soaked in 45% acetic acid and placed in the refrigerator for
one hour. The material was washed using distilled water three times, then soaked in a 1 N HCl
solution and heated in an oven at 60oC for five minutes. It was stained preparations by
soaking root pieces in 2% aceto orcein solution and storing them in the refrigerator for 24
hours. Preparation of preparations is done by pressing the preparation material placed on a
glass preparation and giving a drop of 45% acetic acid.

Observations were carried out descriptively by observing and measuring the shape of the
chromosomes from the photographed chromosome images. Furthermore, the arrangement of
the karyotype and ideogram of the two orchids was carried out. Karyotype asymmetry
analysis was performed by calculating the intrachromosomal asymmetry index (A1) and the
interchromosomal asymmetry index (A2).

Intrachromosomal asymmetry index:
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3. RESULTS AND DISCUSSION

3.1. Chromosome number

Each plant species has different characteristics, which are determined by the nature of genetic
information contained in the chromosomes. The number of chromosomes is a distinguishing
factor for plant identification at the cellular level (George & Mathew, 2016). Information on
the number of chromosomes is also needed in crosses, such as the crosses that have been
carried out by Hartati et al. (2017) between Coelogyne pandurate (2n = 36) and Coelogyne
rumphii (2n = 72) to obtain orchid offspring with a chromosome number of 2n = 54. The
number of chromosomes of the two orchids, Phaius callosus and Phaius montanus, is shown
in Table 1.

Table 1. Chromosome number of Phaius callosus and Phaius montanus
Orchid Species Chromosome Number
Phaius callosus 2n = 46
Phaius montanus 2n = 46

Table 1 shows that Phaius callosus has a chromosome number of 2n = 46, and the
chromosome number of Phaius montanus is also 2n = 46. These results are in line with Daviña
et al. (2009), which state that the number of chromosomes of Orchidoideae is 2n = 24, 26, 28,
30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 56, 64. And the number of chromosomes in
Epidendroideae is 2n = 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58. The results of
other chromosomal analysis studies show the number of chromosomes as Coelogyne
pandurate 2n = 2x = 36 and Coelogyne rumphii 2n = 4x = 72 (Hartati et al., 2017).
3.2. Chromosome size

Chromosomes are divided into two parts, the centromere and the chromosomal arms. The
centromere is the head of the chromosome, with the two arms generally different in size. The
measurement of the arm length of the chromosome is carried out to determine the size of the
chromosome. The length of the two arms determines the distinctness of one chromosome
from another. Each individual of a species has the same number of chromosomes but may
have different chromosome sizes. Orchids from the subfamily Epidendroidae have a small
chromosome size of 0.5–2.5 m (Daviña et al., 2009). Chromosome sizes of Phaius callosus and
Phaius montanus orchids are presented in Table 2.

Table 2. Chromosome size of Phaius callosus and Phaius montanus
Orchid Species Long Arm (q)(µm) Short Arm (p) (µm) Total Arm (q+p) (µm)
Phaius callosus 1.27 ± 0.46 1.03 ± 0.42 1.30 ± 0.29
Phaius montanus 1.27 ± 0.53 1.05 ± 0.48 2.32 ± 1.01

The measurement results showed that the average long arm and the short arm of Phaius
callosus were 1.27 ± 0.46 m and 1.03 ± 0.42 m. The long and short arms of Phaius montanus
were 1.27 ± 0.53 m and 1.05 ± 0.48 m, respectively. Chromosomal size can be affected by
various factors. Differences in chromosome size can be influenced by various treatments
during chromosomal preparation, causing changes in chromosome size (Simmons et al., 2018).
In addition, differences in condensation levels, gene, and protein content can also affect
chromosome size (Apriyanti et al., 2013).
3.3. Chromosome shape

The chromosome structure consists of a long arm and a short arm bounded by a centromere.
The ratio between the long and short arms determines chromosomal shape. According to
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Ramadhani et al. (2012), the classification of chromosomes based on length and shape plays a
role in analyzing chromosome images, such as making karyograms and ideograms.

The chromosomes' shapes based on the centromere's location are grouped according to the
metacentric, submetacentric, acrocentric, and telocentric forms (Felix and Guerra, 2010). The
arm ratio and chromosome shape of Phaius callosus and Phaius montanus are shown in Table
3.

Table 3. Chromosomes of Phaius callosus and Phaius montanus
Orchid Species Chromosome Shape
Phaius callosus 2n = 46 = 23m
Phaius montanus 2n = 46 = 23m
Note : m = metacentric

The Phaius callosus and Phaius montanus orchids have metacentric chromosomes. The shape
of the chromosome can be determined based on the location of the centromere (Setiawan et
al., 2018). The metacentric shape generally shows that the long and short arms are
approximately the same size, so the centromere is located in the middle of the chromosome.
Research related to the shape of chromosomes was also carried out on orchids of the Cattleya
genus by Da Silva et al. in 2017, and the metacentric chromosome shape was also obtained.
3.4. Karyotype patterns and ideograms

Classifying chromosomes based on length and shape can form a karyotype pattern (Mut
Hukumar et al., 2013). Orchid cells in the metaphase phase are used in taking cell images
because the chromosomes are very clearly visible. The karyogram is a pair of homologous
chromosomes arranged from the largest to the smallest chromosome pairs. The ideogram is
also a diagram arranged by chromosome size, from the chromosome with the most extended
arm to the chromosome with the shortest arm. Research on the karyotype pattern of the
hybrid orchid C. pandurata X C. rumphii conducted by Hartati et al. (2017) showed the results
of the same karyotype pattern, and the orchid has a metacentric shape. The Phaius callosus
and Phaius montanus orchids have the same karyotype pattern: metacentric dominant. The
result of the ratio of the sizes of the two arms of the chromosome is not much different,
indicating that the size deviation between the arms of the chromosome is slight. The
karyogram and ideogram of the Phaius callosus and Phaius montanus orchids are as follows:

Figure 1. Phaius callosus karyogram Figure 2. Phaius montanus karyogram
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Figure 3. Phaius callosus ideogram Figure 4. Phaius montanus ideogram
3.5. Chromosomal asymmetry index

The intrachromosomal asymmetry index (A1) has a value range of 0–1 and serves to identify
variations in the shape of chromosomes in one karyotype. The results of the calculations for
A1 and A2 for the Phaius callosus and Phaius montanus orchids are shown in Table 4.

Table 4. Phaius callosus and Phaius montanus chromosome asymmetry index values
Orchid Species Intrachromosomal Asymmetry Index (A1) Interchromosomal Asymmetry Index (A2)
Phaius callosus 0.20 0.35
Phaius montanus 0.17 0.41

Intrachromosomal asymmetry index values (A1) in Phaius callosus and Phaius montanus
were 0.20 and 0.17, respectively. The A1 index of both orchids showed low values, indicating
that the chromosomes of the two orchids were metacentric. Based on the two small A2 index
values, it can be seen that the size dispersion of the orchid chromosomes is not significant.
Interchromosomal asymmetry in Epidendroideae is known to have a bimodal karyotype,
which means a symmetrical karyotype (Daviña et al., 2009).

4. CONCLUSION

Based on the research, it can be concluded that the number of chromosomes in Phaius
callosus and Phaius montanus is 2n = 2x = 46. The chromosomes of the two orchids were all
metacentric, with the average long and short arms of Phaius callosus 1.29 ± 0.49 m and 1.04 ±
0.44 m and Phaius montanus 1.29 ± 0.52 m and 1.29 ± 0.52 m, respectively. 1.06 ± 0.46 m.
Phaius callosus has a karyotype arrangement, and Phaius montanus tends to be the same. The
A1 value of Phaius callosus orchids is 0.20, and Phaius montanus is 0.17.

REFERENCES

Ackerman, J. (2012). Orchids Gone Wild. Bulletin of the American Orchid Society, 81(2), 88–93.
https://www.cabdirect.org/cabdirect/abstract/20123079517

Aoyama, M., & Yokota, M. (2012). Chromosome number of Gastrodia javanica (Blume) Lindl., a myco-
heterotrophic orchid. Chromosome Science, 14(1), 39–40. https://doi.org/10.11352/scr.14.39

Aoyama, M., Alonso, C., & Baltierra, X. C. (2013). Chromosome numbers of some terrestrial orchids in
Chile. Chromosome Botany, 8(2), 23–27. https://doi.org/10.3199/iscb.8.23

Apriyanti, D. H., Arymurthy, A. M., & Handoko, L. T. (2013). Identification of orchid species using
content-based flower image retrieval. Proceeding - 2013 International Conference on Computer,
Control, Informatics and Its Applications: “Recent Challenges in Computer, Control and
Informatics”, IC3INA 2013, 53–57. https://doi.org/10.1109/IC3INA.2013.6819148

https://www.cabdirect.org/cabdirect/abstract/20123079517
https://doi.org/10.11352/scr.14.39
https://doi.org/10.3199/iscb.8.23
https://doi.org/10.1109/IC3INA.2013.6819148


JURNAL ILMIAH AGRINECA • VOL 22 NO 2 (2022)31 |

Da Silva, G. M., Varella, T. L., Karsburg, I. V., Santana, T. N., De Carvalho, I. F., Da Silva Añez, R. B., Rossi,
A. A. B., & Da Silva, M. L. (2017). Cytogenetic characterization of species and hybrids of orchids of
Cattleya genus. Cytologia, 82(2), 137–140. https://doi.org/10.1508/cytologia.82.137

Daviña, J. R., Grabiele, M., Cerutti, J. C., Hojsgaard, D. H., Almada, R. D., Insaurralde, I. S., & Honfi, A. I.
(2009). Chromosome studies in Orchidaceae from Argentina. Genetics and Molecular Biology,
32(4), 811–821. https://doi.org/10.1590/S1415-47572009005000089

De Oliveira, V. M., De Barros, F., & Forni-Martins, E. R. (2014). Chromosome numbers and karyotypes
of Catasetum species (Orchidaceae). Plant Biosystems, 148(3), 499–507.
https://doi.org/10.1080/11263504.2013.788093

Felix, L. P., & Guerra, M. (2010). Variation in chromosome number and the basic number of subfamily
Epidendroideae (Orchidaceae). Botanical Journal of the Linnean Society, 163(2), 234–278.
https://doi.org/10.1111/j.1095-8339.2010.01059.x

George, K. V., & Mathew, J. (2016). Phaius tankervilleae (Orchidaceae) – A new record for Southern
India. Indian Forester, 142(3), 300–301.
https://www.indianforester.co.in/index.php/indianforester/article/view/91004

Hartati, S., Nandariyah, Yunus, A., & Djoar, D. W. (2017). Short communication: Cytological studies on
black orchid hybrid (Coelogyne pandurata Lindley). Biodiversitas, 18(2), 555–559.
https://doi.org/10.13057/biodiv/d180216

Hartati, S., Samanhudi, Manurung, I. R., & Cahyono, O. (2021). Morphological characteristics of Phaius
spp. orchids from Indonesia. Biodiversitas, 22(4), 1991–1995.
https://doi.org/10.13057/biodiv/d220447

Hirano, T., Godo, T., Miyoshi, K., Ishikawa, K., Ishikawa, M., & Mii, M. (2009). Cryopreservation and low-
temperature storage of seeds of Phaius tankervilleae. Plant Biotechnology Reports, 3(1), 103–109.
https://doi.org/10.1007/s11816-008-0080-5

Kanwal, K. S. (2014). Conservation of Phaius tankervilleae a Valuable Orchid of Arunachal Pradesh,
India. Indian Forester, 140(12), 1263–1264.
http://indianforester.in/index.php/indianforester/article/view/55298

Kurniawan, F. Y., Putri, F., Suyoko, A., Masyhuri, H., Sulistianingrum, M. P., & Semiarti, E. (2020). The
diversity of wild orchids in the southern slope of Mount Merapi, Yogyakarta, Indonesia eight years
after the 2010 eruption. Biodiversitas, 21(9), 4457–4465.
https://doi.org/10.13057/biodiv/d210964

Muthukumar, T., Uma, E., & Pandey, R. R. (2013). Root morphology and mycotrophy of Disperis
neilgherrensis (Orchidaceae) from Western Ghats, southern India. Anales de Biología, 0(35), 89–
94. https://doi.org/10.6018/analesbio.0.35.13

Ramadhani, D., Lusiyanti, Y., Alatas, Z., & Purnami, S. (2012). Semi Otomatisasi Kariotipe untuk Deteksi
Aberasi Kromosom Akibat Paparan Radiasi. Jurnal Forum Nuklir, 6(2), 1–8.
https://doi.org/10.17146/jfn.2012.6.2.3448

Setiawan, A. B., Teo, C. H., Kikuchi, S., Sassa, H., Kato, K., & Koba, T. (2018). Cytogenetic variation among
Cucumis accessions revealed by fluorescence in situ hybridization using ribosomal RNA genes as
the probes. Chromosome Science, 21(2-4), 67-73. https://doi.org/10.11352/scr.21.67

ShuFen, C., ChihHsing, Y., ChenHan, J., & Chining, C. (2012). Growth and development of Phaius
tankervilleae (Banks) Blume when inoculated with orchid mycorrhizal fungi. African Journal of
Agricultural Research, 7(42), 5644–5652. https://doi.org/10.5897/ajar12.1182

Simmons, L., Mathieson, M. T., Lamont, R. W., & Shapcott, A. (2018). Genetic diversity of endangered
orchid Phaius australis across a fragmented Australian landscape. Conservation Genetics, 19(2),
451–465. https://doi.org/10.1007/s10592-017-1022-y

https://doi.org/10.1508/cytologia.82.137
https://doi.org/10.1590/S1415-47572009005000089
https://doi.org/10.1080/11263504.2013.788093
https://doi.org/10.1111/j.1095-8339.2010.01059.x
https://www.indianforester.co.in/index.php/indianforester/article/view/91004
https://doi.org/10.13057/biodiv/d180216
https://doi.org/10.13057/biodiv/d220447
https://doi.org/10.1007/s11816-008-0080-5
http://indianforester.in/index.php/indianforester/article/view/55298
https://doi.org/10.13057/biodiv/d210964
https://doi.org/10.6018/analesbio.0.35.13
https://doi.org/10.11352/scr.21.67
https://doi.org/10.5897/ajar12.1182
https://doi.org/10.1007/s10592-017-1022-y


JURNAL ILMIAH AGRINECA • VOL 22 NO 2 (2022) | 32

Than, M. M. M., Pal, A., & Jha, S. (2011). Chromosome number and modal karyotype in a polysomatic
endangered orchid, Bulbophyllum auricomum Lindl., the Royal Flower of Myanmar. Plant
Systematics and Evolution, 294(3), 167–175. https://doi.org/10.1007/s00606-011-0459-6

Yuhanna, W. L., Hartati, S., Sugiyarto, & Marsusi. (2021). Genetic variability of Phaius and Dendrobium
orchids based on molecular markers. IOP Conference Series: Earth and Environmental Science,
637(1), 012036. https://doi.org/10.1088/1755-1315/637/1/012036

https://doi.org/10.1007/s00606-011-0459-6
https://doi.org/10.1088/1755-1315/637/1/012036

