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Abstract Cytogenetics is a crucial aspect in determining the success of breeding programs for 
orchid plants. Chromosome contains DNA, which is the genetic information for each species.  
The characterized orchid chromosomes were Dendrobium lamelatum, Dendrobium 
macrophyllum, Dendrobium mirbelianum, Dendrobium purpureum, and Dendrobium secundum. 
The results showed that all Dendrobium orchids had a metacentric shape with 2n = 38 
chromosomes, except for D. purpureum with 2n = 40. The size of each arm of D. lamellatum, D. 
macrophyllum, D. mirbelianum, D. purpureum, and D. secundum is 2.51 ± 0.55 µm to 2.67 ± 
0.54 µm, 1.54 ± 0.41 µm to 1.86 ± 0.37 µm, 5.28 ± 0.16 µm to 6.31 ± 0.17 µm, 2.45 ± 0.60 µm 
to 2.62 ± 0.64 µm, and 2.70 ± 0. 49 µm to 2.89 ± 0.51 µm. The index value (A1) in all species 
showed a metacentric shape, while the index value (A2) in all species showed  a deviation in 
chromosome size is small. 
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Introduction 
 

Orchids belongs to Orchidaceae, which comprise approximately 4.000 to 
5.000 species in Indonesia (Lalla and Sudiarta, 2022). The plants possess a high 
economic value due to their unique shape, color, and relatively long durability 
(Apriliyania and Wahidah, 2021). Moreover, the uniqueness of each orchid can 
be determined through variations in size, composition, number of flowers, stems, 
and length. These species are often used as cut flowers, cosmetic ingredients, 
perfumes, and other industrial materials. 

One of the largest genera in the Orchidaceae family is Dendrobium, with 
approximately 1,600 species in Indonesia (De et al., 2015). The genus is 
characterized by its yellowish-green stems, round or lanceolate leaf shape, as 
well as various flower shapes and colors. Furthermore, Dendrobium exhibits 
substantial characteristic variation across its different species (Yuan et al., 2018). 
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Each plant within Dendrobium species possesses a distinct genetic makeup. 
Cytogenetics plays an important role in plant breeding programs by providing 
genetic information about the relationship between species in certain groups 
(Sharma and Mukai, 2015). The understanding of chromosome number, variation 
in chromosome length, karyotyping, and symmetry also provides deeper insights. 
Chromosome contains DNA, which is the genetic information for each species. 
This genetic material consists of a chromosome center or centromere and 
chromosome arms. According to a previous study, information about 
chromosome is useful in creating superior varieties, protecting germplasm, and 
refining taxonomy at the genetic level (Hartati et al., 2022a). 

Orchids exhibit a fascinating diversity of chromosomes, with each species 
having its distinct set, ranging from 2n = 20 to 2n = 62. The basic chromosome 
that is often found in orchids is multiples of x = 19, 20, 21, and 22 (Sharma and 
Bhattacharyya, 2023). Several chromosome studies have been carried out on 
various types of orchids, including Phaius (Hartati et al., 2022a), Phalaenopsis 
(Lee et al. 2020, Chen et al. 2013), Paphiopedilum (Lee et al., 2011, Huy et al. 
2019), Dendrobium (Wang et al. 2022, Zheng et al. 2018, Niu et al. 2021), 
Cattleya (Silva et al. 2017), Calanthe (Ramesh et al., 2022a), Vanda (Ramesh et 
al., 2022b, Hartati et al., 2022b), Cypripedium (Choi et al., 2021), Peristylus 
(Kurniawan and Riyadi 2021), and Aerides odorata (Nugraheni et al., 2022). 
Therefore, this study aimed to characterize the chromosomes of Dendrobium 
lamelatum, Dendrobium macrophyllum, Dendrobium mirbelianum, Dendrobium 
purpureum, and Dendrobium secundum. 

 
Materials and methods  
 
Material 
 

The materials used in this study included the root tips of D. lamelatum, 
macrophyllum, D. mirbelianum, D. purpureum, and D. secundum. Meanwhile, 
the used chemicals were distilled water, 45% acetic acid, 1N HCl, 2% 
acetoorcein solution, immersion oil, and hydroxyquinoline. This study was 
conducted at the Plant Breeding Laboratory, Faculty of Agriculture, Sebelas 
Maret University. The observed parameters include the number, size, shape, and 
chromosome karyotype of each plant. 

 
Preparation of preparations 
 

Root tip cutting into sizes of 1-2 cm was carried out at 06.00 – 07.00 WIB, 
followed by soaking in hydroxyquinoline solution for 3 hours at ± 20°C. To 
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remove the residual solution, the samples were washed with distilled water. 
Furthermore, the fixation process was performed by immersing root tips in a 45% 
acetic acid solution for 10 min. The samples were then immersed in a mixture of 
1N HCl and 45% acetic acid with a 3:1 proportion at ± 60°C for 1-5 minutes 
using a water bath. They were cut or sliced into sizes of ± 0.5 mm and dripped 
with 2% acetoorcein solution. The preparations were covered with a cover glass 
and pressed (squashing). Observation on a microscope was carried out with 100 
x 10 magnification (Hartati et al., 2022b). 
 
Chromosome observation 
 

Observations using a microscope when the chromosomes were in the 
prometaphase and metaphase. Chromosome observations include number, long 
arm length (q), short arm length (p), shape, and karyotype. The shape of the 
chromosome is obtained from the ratio of the long arm and the short arm of 
chromosome (r=q/p). The shape of the chromosomes was determined by Hartati 
et al. (2022a): a) metacentric if 1.0 < r < 1.7; b) submetacentric if 1.7 < r < 3.0; 
c) acrocentric if 3.0 < r < 7.0; and d) telocentric if the ratio > 7.0. Karyotyping is 
performed through pairing of homologous chromosomes based on similarity in 
chromosome size and shape. 

Analysis of karyotype asymmetry index included intrachromosomal 
asymmetry index (A1) and interchromosomal asymmetry index (A2). The 
intrachromosomal asymmetry index (A1) is calculated according to Neto et al. 
(2017), compared the mean short arm of each homologous chromosome pair (bi) 
and the average length of each homologous chromosome pair (Bi) was divided 
by the number of chromosome pairs that homologous (n). While the 
interchromosomal asymmetry index (A2) is calculated by dividing the standard 
deviation of the chromosome arm length by the average chromosome arm length 
in one karyotype. 
 
Results 
 
Number of chromosomes 
 

One of the important parameters was the number of chromosomes, which 
could be clearly observed during prometaphase or metaphase when the samples 
were spread out. This study took root tips at 06.00-07.00 WIB where 
chromosome was actively carrying out the division process. 
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Figure 1. Chromosomes from  
(a) Dendrobium lamelatum,  
(b) Dendrobium macrophyllum,  
(c) Dendrobium mirbelianum,  
(d) Dendrobium purpureum, and  
(e) Dendrobium secundum.  

Figure 2. Flowers from  
(a) Dendrobium lamelatum,  
(b) Dendrobium macrophyllum,  
(c) Dendrobium mirbelianum,  
(d) Dendrobium purpureum, and  
(e) Dendrobium secundum. 

 
Table 1. Number of dendrobium orchid chromosomes 

Orchid Species Number of Chromosomes 
Dendrobium lamelatum 2n = 38 
Dendrobium macrophyllum 2n = 38 
Dendrobium mirbelianum 2n = 38 
Dendrobium purpureum 2n = 40 
Dendrobium secundum 2n = 38 

 
Chromosome size 
 

The internal part of chromosome consisted of arms and centromere. 
Furthermore, centromere was the central indentation, which served as a spindle 
attachment point and played a role in cell division. It also divided the 
chromosome into two arms, namely long and short. The long and short arms had 
different sizes, and their length was often used to determine the total chromosome 
size. 

 
Table 2. Dendrobium orchid chromosome size  

Orchid Species Long Sleeve 
(q)(µm) 

Short Sleeve 
(p)(µm) 

Total Arm 
(q + p)(µm) 

Dendrobium lamelatum 2.67 ± 0.54 2.51 ± 0.55 5.18 ± 1.09 
Dendrobium macrophyllum 1.86 ± 0.37 1.54 ± 0.41 3.40 ± 0.78 
Dendrobium mirbelianum 6.31 ± 0.17 5.28 ± 0.16 11.59 ± 0.30 
Dendrobium purpureum 2.62 ± 0.64 2.45 ± 0.60 5.07 ± 1.24 
Dendrobium secundum 2.89 ± 0.51 2.70 ± 0.49 5.59 ± 0.10 

(e) (e) 
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Chromosome shape 
 

Based on centromere position, chromosome shape was classified into 
metacentric, submetacentric, acrocentric, and telocentric. The sample was 
considered metacentric when the centromere was in the middle, thereby equally 
dividing the arms. Submetacentric was characterized by the length of one arm 
being shorter than the other because centromere was at the center nor the end. 
Acrocentric was indicated by centromere position, which was near the point of 
chromosome. Telocentric was characterized by the centromere being at the end, 
leading to the presence of one arm. 

 
Table 3. Form of Dendrobium orchid chromosomes 

Orchid Species Arm Ratio (r=q/p) Chromosome shape 
Dendrobium lamelatum 1.07 ± 0.06 m = 19 
Dendrobium macrophyllum 1.23 ± 0.16 m = 19 
Dendrobium mirbelianum 1.20 ± 0.03 m = 19 
Dendrobium purpureum 1.07 ± 0.09 m = 20 
Dendrobium secundum 1.08 ± 0.08 m = 19 

 
Karyotype 
 

Karyotype was a structural description of chromosomes, such as number, 
shape, centromere position, distribution of euchromatin and heterochromatin, 
and satellite size. The analysis played a role in identifying abnormal chromosome 
to facilitate its association with genetic disorders. 
 
 

  
 
Figure 3. Karyotype and ideogram of Dendrobium lamelatum 
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Figure 4. Karyotype and ideogram of Dendrobium macrophyllum 
 
  

  
Figure 5. Karyotype and ideogram of Dendrobium mirbelianum 
 
 

  
Figure 6. Karyotype and ideogram of Dendrobium purpureum 
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Figure 7. Karyotype and ideogram of Dendrobium secundum 
 
Karyotype asymmetry index 

 
It is important to determine chromosome morphology as an index of 

karyotype asymmetry. The most commonly used karyotype asymmetry indexes 
are the intrachromosomal asymmetry index (A1) and the interchromosomal 
asymmetry index (A2). In a karyotype pattern, there are various forms of 
chromosomes that can be identified using the intrachromosomal asymmetry 
index (A1). The interchromosomal asymmetry index (A2) is used for identifying 
chromosomal size deviations in a karyotype pattern.  
 
Table 4. Intrachromosomal Asymmetry Index (A1) and Interchromosomal 
Asymmetry Index (A2) of Dendrobium Orchids 

Orchid Species A1 A2 

Dendrobium lamelatum 0,951 0,21 

Dendrobium macrophyllum 0,957 0,22 

Dendrobium mirbelianum 0,955 0,025 

Dendrobium purpureum 0,953 0,24 

Dendrobium secundum 0,951 0,017 

 
Discussion 
  

Orchids had a wide variety of chromosomes with the number ranging from 
2n = 2x = 12 to 2n = 2x = 240 (Moraes et al., 2017). Previous studies on 
Orchidaceae chromosomes majorly focused on species with commercial 
purposes, such as Cattleya, Dendrobium, Phalaenopsis, and Cymbidium. The 
samples found in Cattleya and Cymbidium were 2n = 40, while 2n = 38 was 
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obtained in Dendrobium and Phalaenopsis (Atoche et al., 2012). The results 
showed that D. lamelatum, D. macrophyllum, D. mirbelianum, and D. secundum 
had 2n = 38 chromosomes. Furthermore, some Dendrobium species had 2n = 38 
chromosomes, such as D. chrysotoxum (Zhang et al., 2021), D. stardust (Kondo 
et al., 2020), D. draconis (Bunnag and Hongthongkham, 2015), and D. formosum 
(Yenchon and Te-chato, 2014), etc. 

A previous study revealed that Dendrobium purpureum had 2n = 40 
chromosomes. According to Zheng et al. (2018), the number of chromosomes 
for Dendrobium orchids was 2n = 38, but some species had 2n = 40. Several 
types of orchids had more basic samples numbering 19 than 20, with 280 species 
having 19 basic chromosomes. Meanwhile, 274 species of orchids have 20 basic 
chromosomes (Hartati et al., 2014). In this study, Dendrobium has 19 and 20 
basic chromosomes. 

D. lamelatum had long, short, and total arms of 2.67 ± 0.54 µm, 2.51 ± 0.55 
µm, and 5.18 ± 1.09 µm, respectively, followed by  
D. macrophyllum (1.86 ± 0.37 µm, 1.54 ± 0.41 µm, 3.40 ± 0.78 µm),  
D. mirbelianum (6.31 ± 0.17 µm, 5.28 ± 0.16 µm, 11.59 ± 0.30 µm),  
D. purpureum (2.62 ± 0.64 µm, 2.45 ± 0.60 µm, 5.07 ± 1.24 µm), and  
D. secundum (2.89 ± 0.51 µm, 2.70 ± 0.49 µm, 5.59 ± 0.10 µm). 

Chromosome size was divided into 3 categories, including long (>5.0 µm), 
medium (3.0 to 4.9 µm), and short (3.0 to 4.9 µm) (Ramesh et al., 2022b). 
According to Grosso et al. (2018), The chromosome size of Dendrobium was 
small, with the smallest being less than 1 µm. The results also showed that was 
only a little difference in size among species within the same genus. However, 
there was a large difference between the species within a genus in this study. 
Chromosome with a larger size was caused by a larger heterochromatin content 
compared to others (Hsu et al., 2020). 

Each plant had a different chromosome shape, which was affected by the 
position of the centromere. Centromere was an indentation area characterized by 
the presence of a kinetochore and functioned in regulating the movement of 
chromosomes (Kursel and Malik, 2016). Furthermore, it divided the 
chromosomes into long and short arms. According to Aoyama et al. (2013), its 
location could be divided into various categories, including median, submedian, 
and subterminal. 

According to Hartati et al. (2022a), chromosome shape was determined by 
arm proportions. Ratios between 1.0 and 1.7, 1.7 and 3.0, 3.0 and 7.0, and ≥ 7.0 
were considered to be metacentric (m), submetacentric (sm), acrocentric, and 
telocentric, respectively. The results showed that the arm ratio of D. lamelatum, 
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D. macrophyllum, D. mirbelianum, D. purpureum, and D. secundum was 1.07 ± 
0.06, 1.23 ± 0.16, 1.20 ± 0.03, 1.07 ± 0.09, and 1.08 ± 0.08, respectively. All 
observed Dendrobium species had 19 pairs of metacentric chromosomes, but 
Dendrobium purpureum had 20 pairs. These results were in line with Hartati et 
al. (2017) that orchids (Orchidaceae) generally had a metacentric chromosome 
shape. 

These parameters were often observed by taking pictures when 
chromosome was in the metaphase of mitotic division (Chen et al., 2017). 
Karyotype analysis was carried out by measuring the samples, followed by 
pairing and alignment to produce an image arranged in pairs (Liu et al. 2023). 

Based on the results, the karyotype pattern for D. lamelatum, D. 
macrophyllum, D. mirbelianum, and D. secundum was 2n = 38 m, while D. 
purpureum had 2n = 40 m. The pattern observed in all species was composed of 
the same chromosome shape, namely metacentric, which could be further divided 
into either symmetry or asymmetry. If all chromosomes in one set had the same 
size and type, they were considered to be symmetrical and vice versa (Saha, 
2022). 

Chromosome that had been arranged into karyotypes could be clarified 
using ideograms. An ideogram was a chart that described chromosome based on 
the relative sizes and homologous groups. These charts were arranged based on 
the order of chromosomes from largest to smallest. In ideograms, the long arm 
position was below, while the short variant was placed above (Muliawati et al., 
2023).  

The determination of chromosomal asymmetry index values is based on a 
comparison between the chromosome long arm and the short arm (Eroglu, 2015). 
Based on Table 4, All Dendrobium species have the same and considerable 
intrachromosomal asymmetry index values (A1). This is because all species have 
a metacentric chromosomal shape. Neto et al. (2017) stated that, 
intrachromosomal asymmetry index (A1) in Orchidaceae ranged from small 
asymmetry to moderate asymmetry. A considerable degree of asymmetry can be 
caused by the loss of chromosome segments due to polyplody, amplification in 
different heterochromatin regions, or due to hybridization between species with 
different chromosome sizes. While the interchromosomal asymmetry index (A2) 
in all species shows a fairly small value. This is directly proportional to the 
deviation of the size of the chromosomes. The smaller value of the 
interchromosomal asymmetry index (A2), the chromosomal deviation in one 
karyotype pattern will also be small (Muliawati et al., 2023). 
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Based on the above research results on various Dendrobium species, we 
can be concluded that D. lamelatum, D. macrophyllum, D. mirbelianum, and  
D. secundum have a chromosome number 2n = 38, while D. purpureum has a 
chromosome number 2n = 40. D. lamelatum has a long arm 2.67 ± 0.54 µm and 
a short arm 2.51 ± 0.55 µm. D. macrophyllum has long arms 1.86 ± 0.37 µm and 
short arms 1.54 ± 0.41 µm. D. mirbelianum has long arms 6.31 ± 0.17 µm and 
short arms 5.28 ± 0.16 µm. D. purpureum has long arms 2.62 ± 0.64 µm and 
short arms 2.45 ± 0.60 µm. D. secundum has long arms 2.89 ± 0.51 µm and short 
arms 2.70 ± 0.49 µm. D. lamelatum, D. macrophyllum, D. mirbelianum, and  
D. secundum, D. purpureum has a metacentric chromosome shape. The 
karyotype pattern of D. lamelatum, D. macrophyllum, D. mirbelianum, and  
D. secundum is 2n = 38 m, while for D. purpureum is 2n = 40 m. The index value 
(A1) in all species shows a metacentric shape, while the index value (A2) in all 
species is shows a deviation in chromosome size is small. 
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