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INTRODUCTION

Indonesia is a country with quite a lot of orchids. There 
are about 5,000 species scattered throughout Indonesia’s 
forests (Suryani, 2015). Vanda is one of the orchids with 
various patterns, so it is always sought after by fans. The 
diversity of the Vanda orchid is one of the advantages of 
plants that are used to make new hybrids (Hartati, 2014). 

Breeding methods through hybridization and selection 
become a way for breeders to produce new varieties with 
the expected characteristics, starting from color, flower 
shape, aroma, plant shape, early maturity, and resistance to 
pests and diseases chromosomes number. The difference in 
the appearance of the chromosomes can be seen with a light 
microscope with a magnification of 1,000x because the size 
and position of the centromere are different. 

Vanda is a genus of orchids in the Vandaceous group 
that can grow in various climates, from hot tropical climates 
to cold, snowy climates. The distribution is extensive, 
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ABSTRACT

The diversity of the Vanda orchid is one of the advantages of plants that are used to make new hybrids. The genus of 
Vanda has a primary chromosome number (x) = 19 and varies in ploidy level. This study aims to identify the Vanda orchid’s 
karyotype pattern and ploidy level through flow cytometry. The materials used are orchids Vanda celebica, Vanda dearei, and 
its hybrids V. dearei x V. celebica and V. celebica x V. dearei. The results showed the number of chromosomes of V. dearei is 
2n = 2x = 40, V. celebica is 2n = 2x =38, the hybrid V. celebica x V. dearei is 2n = 2x = 38, and the hybrid of V. dearei x V. 
celebica is 2n = 2x = 38. The karyotype V. celebica is 2n = 2x = 17m+2sm, V. dearei is 2n = 2x = 40 =18m+2sm, the hybrid 
of V. celebica x V. dearei is 2n = 2x = 38 = 17m+1sm, and hybrid of V. dearei x V. celebica is 2n = 2x = 38 =17m+1sm. All 
observed ploidy levels of orchids are diploid.
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ABSTRAK

Keanekaragaman anggrek Vanda merupakan salah satu keunggulan tanaman yang dapat digunakan untuk membuat 
hibrida baru. Sifat anggrek ditentukan oleh banyak gen, sehingga perlu dilakukan persilangan agar diperoleh keragaman 
genetik yang lebih besar. Persilangan antara tetua dapat menghasilkan keturunan dengan jumlah kromosom yang berbeda 
dari tetuanya. Salah satu metode yang berperan dalam mengetahui tingkat ploidi adalah analisis kariotipe dan flow cytometry. 
Penelitian ini bertujuan untuk mengidentifikasi pola kariotipe dan tingkat ploidi anggrek Vanda melalui flow cytometry. 
Bahan yang digunakan adalah anggrek V. celebica, V. dearei, hibrida dari V. dearei x V. celebica, dan V. celebica x V. dearei. 
Hasil penelitian menunjukkan jumlah kromosom V. dearei 2n = 2x = 40, V. celebica 2n = 2x = 38, hibrida dari V. celebica 
x V. dearei 2n = 2x = 38, dan V. dearei x V. celebica 2n = 2x = 38. Susunan kariotipe anggrek V. celebica adalah 2n = 2x = 
17m+2sm, V. dearei adalah 2n = 2x = 40 =18m+2sm, hibrida dari V. celebica x V. dearei adalah 2n = 2x = 38 = 17m+1sm, 
dan V. dearei x V. celebica adalah 2n = 2x = 38 = 17m+1sm. Semua tingkat ploidi anggrek yang diamati adalah diploid.

Kata kunci: sitologi, flow cytometry, genetika, kariotipe
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from the coast to the mountains. Vanda is a type of orchid 
with high economic value because it has advantages in its 
flowers’ beauty (Rupawan et al., 2014). Normal plant mating 
produces new plants that have even (2x) chromosomes. 
If the chromosome is 3x, the orchid parent is fertilized. 
Parents who have abnormal chromosomes produce fruit that 
falls off quickly. Parents with 4x chromosomes will produce 
more significant fruit, while parent plants with 6x and 8x 
chromosomes will produce poor orchids. Many genes 
determine the nature of orchids, and it is necessary to cross 
them to obtain greater genetic diversity (Mulkan, 2011). 

One of the main cytological methods that play a role in 
theoretical and empirical research is the Karyotype (Liang and 
Chen, 2015). The karyotype is a sequence of chromosomes 
arranged from the longest to the shortest. Ramadhani (2012) 
explains that a karyotype is a process of chromosome analysis 
carried out by classifying chromosomes based on the length 
and shape of the chromosomes used to make idiograms. 
Each plant family and within different populations of the 
same species have different karyotypes (Shi et al., 2009).  

Observing the level of ploidy through observing the 
number of chromosomes has weaknesses. This is because the 
tissue consists of many cells and chromosome multiplication 
only occurs in actively dividing cells. Hence, the possibility 
of a mixoploid is also significant and will be difficult to 
observe if only on the number of chromosomes. Therefore, 
to determine the ploidy level of plants, it is necessary to 
observe ploidy using flow cytometry. Flow cytometry is 
responsible for rapid genome size screening on multiple 
populations of the same species as well as on multiple 
individuals of each population and supports hybridization 
(Siljak-Yakovlev et al., 2008).

MATERIALS AND METHODS

Plant Material

The research was carried out at the Cytology Laboratory 
of the Biology Research Center (LIPI) Bogor, conducted 
from March 2019 to June 2019. The materials used are 
orchids V. celebica (Figure 1), V. dearei (Figure 1), a hybrid 
of V. dearei x V.celebica, and a hybrid of V. celebica x V. 
dearei. The chemicals used are Hydroxyquinoline 0.002M, 
glacial acetic acid 45%, 1N HCl solution, acetic acid 45%, 
acetoorcein 2%, PI (Propidium Iodide), and RNAse buffer 
(1 mL).

Karyotype Pattern

Root tips that have been taken from plants were 
pre-treated with Hydroxyquinoline 0.002M and stored in 
a refrigerator for 3-4 hours at 5 °C. Fixation using.45% 
glacial acetic acid for 10 minutes. Hydrolysis was done by 
immersing the roots in 1N HCl solution and 45% acetic acid 
with a ratio of 1: 3 for 1-5 minutes at 60 °C. Staining to clarify, 
the chromosomes used acetoorcein 2% and squashed after 
it was sealed with transparent nail polish. The preparations 
were then observed under a light microscope.

Preparations of orchid roots were observed at 15 
times ocular lens magnification and 100 times objective 
lens magnification using a light microscope. Chromosome 
images from microscope observations were taken using the 
obtilab application, which was then processed using Corel 
Draw X7 and Microsoft Excel for chromosome character 
analysis. The variables observed were the number of 
chromosomes, chromosome size, and chromosome shape. 

Flow Cytometry Analysis

The standard used is the chromosomal number of 
black orchid (Coelogyne pandurata) is 2n = 2x = 36 (Hartati 
et al., 2017). Ploidy analysis used a Partec CyFlow chamber 
(Partec GmbH) with a 920 mW diode pumped solid state 
laser at 488 nm and a diode laser at 638 nm (25 mW). Leaf 
pieces (0.5 cm2) were chopped with a razor blade in a petri 
dish containing 250 ml of extraction buffer. The Kit series 
used is CyStain PI absolute P (code 05-5022) from Sysmex 
Company. Kit for 250 tests contains 125 ml extraction 
buffer, 500 mL staining buffer, 2 x 1.5 mL Propidium Iodide 
Solution, and 1 x 5 mg RNAse A. Extraction buffer used 
Stock solution 200 µL RNAse solution 2 µL. After 30-90 
seconds, the extraction buffer was filtered through a Partec 
30 ml CellTrics filter. The staining used was 120 µL PI 
(Propidium Iodide) stock solution and 60 µl RNAse stock 
solution (1 mL) (Sysmex), then incubated for 30 minutes 
before being analyzed by flow cytometry. The tool used for 
flow cytometry analysis is CyFlow space Partec, while for 
analyzing histograms using FloMax software.

RESULTS AND DISCUSSION

Karyotype Pattern

The chromosome number of V. celebica is 2n=38, V. 
dearei is 2n = 40, and their hybrid is 2n = 38 (Table 1). 
Karyotype of V. celebica is 2n = 34 m + 4 sm. The karyotype 
of V. dearei is 2n = 39 m + 1 sm. The karyotype of hybrid 
V. celebica x V. dearei is 2n = 38 m, and the karyotype of 
hybrid V. dearei x V. celebica is 2n = 38 m (Figure 1-5). Aziz 
(2020) states that chromosomes can vary from species to 
species or may be different types of wild and cultivars. Zhao 
(2014) states that homologous chromosome variations in 
an individual are caused by the minichromosome between 
secondary and centromere narrowing. According to Chen 

Orchid Chromosome number
V. celebica 2n = 38
V. dearei 2n = 40
 V. celebica x V. dearei 2n = 38
 V. dearei x V. celebica 2n = 38

Table 1. The number of chromosome Vanda dearei, Vanda 
celebica, hybrid of  V. celebica  with V. dearei, and 
hybrid of V. dearei with V. celebica 
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(2017), the Polo karyotype of the Vanda orchid varies greatly. 
According to Chen (2017), the high karyotype variation 
indicates the large genetic cohesiveness of a species, so it 
has wide adaptability. 

Chromosomes in plants have a unique genetic 
structure, starting from the centromere’s number, size, shape, 
and position. The unique genetic structure of chromosomes 
facilitates the characterization of chromosomes in a species. 
Chromosome characterization is displayed by pairing 
each homologous pair ultimately and arranging it from the 
largest to the smallest in the karyogram. The karyotype 
and its features are schematically presented as idiograms 
or karyograms (Weiss-Schneeweiss and Schneeweiss, 
2012). A karyogram is presented through a single image 
in the form of a diagram called an ideogram. Arrangement 

of karyotypes with parameters of chromosome length 
and number, centromere position, secondary indentation 
size and position, satellite size and position, degree 
and distribution of heterochromatin, comparison of 
chromosome pairs, and comparison of the chromosome 
arm. Using chromosomes as genetic markers are carried 
out by analyzing the arrangement of chromosomes (Aziz, 
2019). According to Tabassum et al. (2014), karyotype 
analysis provides the basis for the development of biological 
systems and relative relationships. Karyotypes are used to 
determine the number of chromosomes and chromosomal 
aberrations in the chromosome structure during cell division 
and to determine the relationship between the two and 
abnormalities in the anatomy, morphology, and physiology 
of organisms. According to Hartati (2014), the deviation 
from the number and structure of chromosomes that occurs 
during division is known from the presence of a karyotype. 
Chromosome aberrations are related to the anatomical 
structure, morphology, and physiological abnormalities of 
the organism. 

Flow Cytometry Analysis

The histogram in Figure 6 and Table 2 shows that 
all 4 Vanda species and their hybrid have the ploidy level 
are diploid (2x). Control samples of diploid plants were 
calibrated at channel 200. Diploid plants showed peaks at 

 

(A) (B) (C) 

Figure 2. (A) Chromosome number of V. celebica, (B)  Karyotype of V. celebica, (C) Karyogram of V. celebic

 

(A) (B) (C) 

Figure 3. (A) Chromosome number of V. dearei, (B) Karyotype of V. dearei, (C) Karyogram of V. dearei

      

 

A B 

Figure 1. (A) Vanda celebica dan (B) Vanda dearei
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Figure 4. (A) Chromosome number of V. dearei x V. celebica, (B) Karyotype of  V. dearei x V. celebica, (C) Karyogram of V. dearei x  V. 
celebica

 

(A) (B) (C) 

Figure 5. (A) Chromosome number of V. celebica x V. dearei, (B) Karyotype of  V. celebica x V. dearei, (C) Karyogram of V. celebica x V. 
dearei

channel 200, triploid plants at channel 300, tetraploid plants 
at channel 400, and mixoploid plants showed more than 
one peak on different channels. The observation shows no 
difference in the ploidy level of hybrids from the parents 
based on identification through flow cytometry. In contrast 
to the results of research by Hartati et al. (2017), which 
showed a change in the ploidy level of hybrids from the 
parents. The parent C. pandurata is diploid with the number 
of chromosomes 2n = 2x = 36, the parent C. rumphii is 
tetraploid with the number of chromosomes 2n = 4x = 72, 
and the crossing of the two parents produces a hybrid that is 
triploid with the number of chromosomes 2n = 3x = 54. 

Grosso et al. (2018) also conducted flow cytometry 
analysis on Dendrobium hybrid PLBs. According to Grosso 
et al. (2018), flow cytometry was chosen to evaluate DNA 
content in Dendrobium hybrid explants due to the problematic 
explants and tiny chromosome size. Flow cytometry analysis 
was performed to assess the original ploidy level of explants 
and endopolyploid tendency during tissue culture in PLB, 
observing the polyploidization tendency after pretreatment 
of PLB in PLB liquid culture and detecting the ploidy 
level in regenerated plantlets. Another study by Jones and 
Kuehnle (1998) shows that the number of chromosomes in 

37 Dendrobium species is uniform 2n = 2x = 38. However, 
the average chromosome size among Dendrobium species 
varies, ranging from 1.53 pg 2C-1 (D. cruentum Rchb.f.) to 
4.23 pg 2C-1 (D. spectabile (Bl.) Miq.). This proves that, in 
some cases, flow cytometry can help distinguish varieties or 
species that have almost the same morphological characters 
but with different karyotype profiles. In addition, according 
to Hajrudinović et al. (2015), results from flow cytometry 
are essential for the identification of crossing systems and 
analysis of ploidy dynamics in Sorbus.

Table 2. Ploidy level of V. celebica, V. dearei, V. celebica x 
V. dearei, and V. dearei x V. celebica

Orchid Mean CV (%) Ploidy
V. celebica 185.71 4.62 2x
V. dearei 211.67 4.61 2x
V. celebica x V. dearei 212.28 8.38 2x
V. dearei x V. celebica 213.42 4.77 2x

Note: Ploidy compared to standart
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Figure 6. Histograms of relative nuclear DNA content of (A) V. celebica, (B) V. dearei,  (C) V. celebica x V. dearei, (D) V.  dearei x V. 
celebica

CONCLUSIONS

The number of chromosomes of Vanda dearei 2n = 2x 
= 40, Vanda celebica 2n = 2x = 38, the hybrid of V. celebica 
x V. dearei 2n = 2x = 38, and V. dearei x V. celebica 2n = 2x 
= 38. The karyotype arrangement of V. celebica is 2n = 2x 
= 17 m + 2 sm, V. dearei is 2n = 2x = 40 = 18 m = 2 sm, the 
hybrid of Vanda celebica x Vanda dearei is 2n = 2x = 38 = 
17 m + 1 sm, and Vanda dearei x Vanda celebica is 2n = 2x 
= 38 = 17 m + 1 sm. All observed ploidy levels of orchids 
were diploid.
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