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Chromosome staining is an important prerequisite for counting the number of chromosomes. The final 
results of chromosome staining were determined by treatment in the previous phase, namely 
preteatment, fixation, and maceration, and the time of material collection. The purpose of this study is to 
find the right method for aceto-orcein staining  chromosome of castor. In this study five methods for 
chromosome preparations applied to the root-tip of castor. In The first method root-tips are collected at 
07.00-08.00 am, pretreated in 0,002 M 8-hydroyquinoline in refrigerator for 3 hr, fixed in 45% acetic acid, 
macerated in 1 N hydrochloric acid at 600C, stained in 2% aceto-orcein for 10-15 min and squashed in 
2% aceto-orcein. The second method modification maceration of the first method. For the third  method, 
there are difference with the first method terms of root cutting time, pretreatment duration, and 
maceration in mixture 1N hydrochloric acid and 45% acetic acid (1:4) at 600C for 5 min.  In the fourth 
method  time of cutting root-tip at 07.00-08.00 am and duration of pretreated in 0,002 M 8-
hydroyquinoline for about 5 hour in refrigerator. In the fifth Method, cutting root-tip at 08.00 pm-09.00 
pm, pretreated in 0,002 M 8-hydroyquinoline for about 6 hours at 90C. fixed in ethanol:glacial acetic acid 
(v/v 3:1) overnight at room temperature, after fixation preserved in ethanol 70% at 90C until the 
microscopic preparation were made, hydrolysis in 5 N HCl at room temperature for 3-5 min according to 
the size of the root-tip, then immersed for 4-5 h in aceto-orcein 2% and squashed in 45% acetic acid. 
The result of this study suggest that the fifth method produce well spread chromosomes and adequate 
staining intensity, contrast between the chromosomes, and chromosome can be counted. 
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INTRODUCTION 
Castor (Ricinus communis L.) is an industrial 
oilseed crop non edible. This crop has high seed 
oil content (more than 480 g kg-1), unique fatty 
acid composition (900 g kg-1 of ricinoleic acid), 
potentially high oil yield (1250-2500 L ha-1) and 
ability to be grown under drought and saline 
condition (Severino et al., 2012). Oil seed content 
of castor uses for multiple industrial applications 
such as paints and varnishes, cosmetics, 
polymers, biolubricants and biofuels (Fernandez-
Martinez and Velasco, 2012; Ogunniyi, 2006). 
Due to its many functions in the field of industry, 
castor plants can be expected have high 

economic value in the future.  Therefore, the 
genetic improvements of castor plants, whether 
conventional or non-conventional deserves 
attention to obtain superior plants.  
  Genetically, castor have chromosome 2n = 20 
(Perry, 1943) with length 1.19-2.12 µm 
(Vasconcelos et al.,2010). This size of 
chromosome length classified as small (Roa and 
Guerra, 2015).  Cytogenetic analysis is difficult on 
plant have small chromosomes (Tsuchiya and 
Nakamura, 1979; Owen and Miller, 1993; Chen 
and Li, 2005). Counting chromosome to mitotic 
cells is one subject of cytogenetic study. Some 
active plant tissue can be used for counting the 
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number of chromosomes such as root, bud, 
leaves or callus. Root-tips are the most 
convenient source of mitotic cells (Kihlman,1971; 
Maluszynska, 2003; de Paula J.M and Pinto-
Maglio CAF, 2015). Usually, chromosome number 
count at metaphase stage, because at this stage 
the chromatin is condensed and individual 
chromosome can be readily visualized.  According 
to Pack and Stratakis (2002) at metaphase stage 
chromosome can be arrested, fixed and used for 
analysis.  However, there are some difficulities to 
obtain good somatic metaphase, i.e 1) rigid cell 
wall (Busch et al.,1996; Mirzaghaderi 2010; 
Zoshchuks et al., 2003; Kirov et al., 2014), 2) 
tendency of chromosome to resist spreading on 
microscope slide (Storey et al., 1968), 3) difficulty 
obtain large number dividing cell, spreading and 
staining chromosome  (Osalou et al., 2013). The 
squashing method is most common method use 
to solve this problem and obtain cell spreads. In 
This method material is squeezed and involves 
chemical and physical agent (Rachma and 
Salamah, 2017). Pricipally squashing method 
include pretreatment, fixation, hydrolisis, and 
staining (Osalou et al., 2013; Rachma and 
Salamah, 2017). 
Many experiments have been carried out to get a 
good chromosome preparation, but it cannot be 
applied generally to all species (de Paula and 
Pinto-Maglio, 2015). This is due to differences in 
the number and size of chromosomes and 
intracellular component of each species 
(Rodriguez-Dominguez et al., 2017). Therefore it 
is necessary to modify the pretreatment, fixation, 
maceration and squashing (Galasso et al., 1992). 
Chromosome studies of castor has been done by 
Vasconcelos et al., (2010); Elumalai and Selvaraj 
(2013). In order to obtain alternative protocol 
chromosome castor preparation, we modified the 
previous protocol especially in the dye used. We 
tried aceto-orcein dye, while the use of 
hydroxyquinolin as a pretreatment agent, acetic 
alcohol mixtures as a fixation compound, and 5N 
HCl to soften root tissue are still used but the 
application length is shorter than previous 
expriments.   
 Aceto-orcein staining has been used for 
cytological analysis in different plant materials. 
Aceto-orcein staining was superior to either 
propiono-orcein, aceto-carmine, or leuco-basic 
fuchsin stains (Ahloowalia,1965). Aceto-orcein 
staining give reliable results, sharp images with 
high contrast, fast, and simple process (Winarto, 
2011). Chromosome are intensely stained dark 
while the cytoplasm is stained pale with aceto-

orcein  (Taniguchi, 2017). 
 
MATERIALS AND METHODS 
Chemicals used in these preparation refers to 
several references, but modifications were made 
on the length of the application. The chemical 
used for pretreatment is 0.002 M 8-
hydroxyquinoline (Vasconcelos et al.,2010; 
Elumalai and Selvaraj, 2013), ethanol acetic acid 
(v/v  3:1) as fixation compound (Vasconcelos et 
al.,2010; Elumalai and Selvaraj, 2013), 5N HCL 
for hydrolisis (Vasconcelos et al.,2010) or in a 
mixture 1N HCl and acetic acid at 600C (Sultana 
et al., 2009; Syukur et al., 2013), ethanol 70% as 
a preservative (Dilipan and Thangaradjou, 2014; 
Tsuchiya and Nakamura, 1979), aceto-orcein 2% 
as a dye (Syukur et al., 2013; Aristya et.al.,2013), 
and acetic acid 45% (Vasconcelos et al., 2010) or 
aceto-orcein 2% as media squash (Syukur et al., 
2013).     

Preparation of samples 
Castor seeds soaked in water for 3 hours, then 
seed were germinated in petridishes on cotton at 
room temperature. Germinated seed has root-tip 
1-2 cm long were cut for chromosome study. 
Root-tips pretreated with 0,002 M 8-
hydroyquinoline. Cut time of root-tips and duration 
of pretreatment depend on method. 

First Method   
Root-tips were cutted at 07.00-08.00 am and 
pretreated in 0,002 M 8-hydroyquinoline and 
placed in refrigerator for about 3 hour followed by 
10 min fixation at room temperature in 45% acetic 
acid. Before being fixed, the root-tip washing with 
distilled water 3 times. The next step the material 
was hydrolyzed in 1 N hydrochloric acid at 600C in 
water bath for 5 min, then washing with distilled 
water 3 times to eliminate residual hydrochoric 
acid, the root-tip were stained in 2% aceto-orcein 
for 10-15 min and cut on slide approximately 1-2 
mm with a razor, added 2% aceto-orcein amount 
two drop. Furthermore, coverslip was placed on 
top and surplus aceto-orcein was absorbed using 
blotting paper. The next, preparat was passed 
bunsen flame 3-4 times. Squashing using wooden 
matches and with thumb, and was carefully 
knocked. 

Second Method  
The second method is the same as the first 
method with modification to the maceration stage. 
In the second method root-tip were hydrolyzed in 
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a mixture of 1 N hydrochloric acid and 45% acetic 
acid (3:1) at 600C for 5 min. 

Third Method  
The differences between the third method and the 
first method are root-tips collection at 08.00-09.00 
am, duration in 0,002 M 8-hydroyquinoline for 
about 4 hour in refrigerator, hydrolyzed in a 
mixture of 1 N hydrochloric acid and 45% acetic 
acid (1:4) at 600C for 5 min. The next process is 
the same as the first method. 

Fourth  Method   
The fourth method is the same as the third 
method, except time of cutting at 07.00-08.00 and 
duration of pretreated in 0,002 M 8-
hydroyquinoline for about 5 hour in refrigerator. 

Fifth Method    
Root-tips were cutted at 08.00 pm-09.00 pm and 
pretreated in 0,002 M 8-hydroyquinoline for about 
6 hours at 90C. fixed in ethanol:glacial acetic acid 
(v/v 3:1) overnight at room temperature and after 
fixation preserved in ethanol 70% at 90C until the 
microscopic preparation were made, hydrolysis in 
5 N HCl at room temperature for 3-5 min 
according to the size of the root-tip. Larger root-
tips require longer periods. Root-tip always 
washing three times with distilled water every 
chemical changing. 
After that, root-tips immersed for 3-4 h in aceto-
orcein 2% and cut on slide approximately 1-2 mm 

with a razor, added 45% acetic acid amount two 
drop. Furthermore, coverslip was placed on top 
and surplus acetic acid was absorbed using 
blotting paper. The next, preparat was passed 
bunsen flame 3-4 times and squashing as same 
the first method. 
 
Observation  
Chromosome observation was conducted using 
Olympus BX51 microscope with magnification 
400x. 
 
RESULTS  

The results obtained from the method tried 
are shown in Figure 1-2. The first method shows 
incomplete cell separation. There is a  field of 
view of observation showing a cell layers more 
than 1 layer. Some cells are in the mitotic stage, 
chromosome are visible (Fig 1a.). For the second 
method separation and spreading of cells is better 
than the first method. Cells are in the mitotic stage 
and chromosomes are visible (Fig 1b). The third 
method give the same results as the second 
method. Separation and spread of cells is 
good.The cell appear in one layer. The Cells are 
in the mitotic stage, chromosome are visible, but 
cannot be counted (Fig 1c).  Meanwhile the fourth 
method shows the same results as the second 
method and the third method in terms of the ability 
to separate and spread cells. There also appears 
to be cell in the mitotic phase (Fig 1d).   

 
 

Figure 1.  The results of observation. a. The first method;  b. The second method;  c. The third 
method. and d.  The fourth method 
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The results are quite satisfactory obtained from 
the fifth method. Through this method allow the 
observation of chromosomes in different stages of 
mitosis in meristematic cells from castor root-tips 

(Fig.2). These stages are interphase (Fig. 2a), 
prophase (Fig. 2b), metaphase (Fig. 2c- 2e), and 
telophase (Fig. 2f). Good spreading of metaphase 
chromosome can be counted (Fig 2c-2e). 

 

 
 

Figure 2. The mitotic phase of castor bean in the fifth method; interphase (a), prophase (b), 
metaphase (c-e), anaphase (e), telophase (f) 
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DISCUSSION 
A Good spreading, chromosome can counted 

and optimal images of chromosome from the fifth 
method shows that the steps of preparation, 
application and duration of chemical applications 
in the preparation are appropriate. The steps 
include (1) root collection, (2) pretreatment, (3) 
fixation, (4) hydrolysis, (5) staining, and (6) 
squashing. The six stages of this preparation, 
application and application duration of the 
chemicals greatly determine the results obtained. 
These six stages are closely related to each other 
in producing quality chromosomal preparations. 

Root collection is the initial step of 
preparation. The use of root-tip from germinating 
seeds as the object of chromosomal observation 
based on the consideration that naturally young 
root-tip meristem have a high proliferation rate (de 
Paula and Pinto-Maglio, 2015).  

However, although the root-tip is a 
meristematic area, it should also be noted that the 
correct collection time. The mitotic time is not the 
same as every plant. Similarly, the peaks of 
prophase, metaphase, anaphase, and telophase 
occur at different hours (Rindyastuti and Daryono, 
2009; Willie and Aikpokpodion, 2015). In this 
experiment the root collection at 08.00 pm-10.00 
pm found that many cells were in mitotic 
metaphase compared to time of root collections in 
the first method, the second method, the third 
method, and the fourth method. 

Pretreatment is the second and important step 
in chromosome preparation (Singh, 2018). The 
compounds used in pretreatment will disruption of 
cell spindle and increase the number of 
metaphase cells (Singh, 2018; Pack and 
Stratakis, 2002). Agent pretreatment work 
changes the viscosity of cytoplasma so that 
spindle is not formed and chromosome remaining 
free, not attched to any binding force within cell 
(Sharma and Sharma, 1980). Many compounds 
may act as antimitotic agents, but the response 
depends on the experimental material (de Paula 
and Pinto-Maglio, 2015). In this experiment the 
application of 0.002 M 8-Hydroxyquinoline for 6 
hours temperature 90C  can capture metaphase 
cells. The application length of 0,002 M 8-
Hydroxyquinoline also determined the number of 
metaphase cells. Action 8-Hydroxyquinoline can 
not be maximized at short application time. This 
relates to the nature of 8-Hydroxyquinoline having 
low solubility so that its penetration into 
meristematic tissue and cell nuclei was slowly 
(Tlaskal 1980). 

The next step after pretreatment is fixation. 

There are a number of compounds that can be 
used in cell fixation (Sharma and Sharma, 1980). 
Among these compounds is Carnoy I with the 
composition of ethanol acetic acid (v / v 3: 1). The 
fixation process is performed to stop the cell 
division in the desired phase without causing 
distortion, swelling or shrinkage of chromosome 
(Singh, 2018). In addition, fixation increases the 
refractive index to clarify the chromosomes during 
observation, and facilitates cell coloring dyes 
(Aristya et al., 2015). The Application Carnoi I at 
the root-tip of the castor appears to give a fairly 
good staining reaction. Similar results were 
obtained by Ahloowalia (1965) in the meiotic study 
of diploid and tetraploid Lolium plants. 

Acid hydrolysis used 5N HCl for 2-3 min. 
Hydolysis is done to soften the root tissue by 
breaking down the middle lamella and cell wall, 
allowing the cells to be separated and squashed 
more easily (Armstrong, 1995). The 5N HCl 
application for 2-3 minutes at the root-tip of the 
castor in this experiment has softened the roots. 
The root-tip of the castor is still quite hard when 
the HCl 5 N application is less than 2 minutes. 
The root-tip is soft enough to break when the 
glass cover is placed on top. Treatment 5N HCl 
longer 3 min make root-tip too soft. According Ma 
et al., (1996) HCl treatment must be carefully 
controlled to be beneficial. 

Squashing is the last stage to obtain 
chromosome spreading. A good squash will 
separate the mass of cells into one cell layer and 
non-overlapping. This condition can be achieved 
when hydrolysis from prior stage was appropriate.  
Squashing in this expriment was easily and cells 
and chromosome can well spread.  

CONCLUSION 
The fifth method gives good result where mitotic 
chromosomes of castor spreads well and can be 
counted, fairly good image by using schedule root 
collection at 08.00 pm- 09.00 pm, pretreatment 
with 0.002 M 8- Hydroxyquinoline for 6 h 
temperature 90C, fixation with ethanol acetic acid 
(v/v 3:1) overnight at room temperature, 
hydrolysis with 5 N HCl for 2-3 m, at room 
temperature. 
 
CONFLICT OF INTEREST 
The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 
The article is part of the Dissertation of Doctoral. 
The author would like to thank the East 



Syakhril   et al.,                                  Aceto-Orcein Staining For Counting Somatic Chromosomes In Castor 

 

                                                          Bioscience Research, 2019 volume 16(2):2336-2342                                          2341 

 

Kalimantan Provincial Government for funding the 
dissertation research. 
 
AUTHOR CONTRIBUTIONS 
All the authors have contributed: S conducted 
experiments, data collection, data analysis and 
writing manuscript, Dr. B and   Prof. K contributes 
to design the expriments and review of 
manuscripts. 
 

Copyrights: © 2019 @ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Ahloowalia, B.S. 1965. A root-tip squash 

technique for screening chromosome 
number in Lolium. Euphytica 14 : 170-172. 

Aristya, G.R, R.Alyza, R.Khoiroh and B.S 
Daryono. 2013. Chromosome number and 
time period of mitotic cycle of Festival and 
Californica strawberry cultivars (Fragaria x 
ananassa and Fragari vesca). The 3rd 
International Conference on Biological 
Science 2013. KnE Life Sciences. ISSN 
2413-0877 Vol 2 (2015) 476-479.  

Aristya, G.R., B.S. Daryono, N.S.N. Handayani, 
dan T. Arisuryanti.  2015. Karakterisasi 
kromosom tumbuhan dan hewan. Gadjah 
Mada University Press. Yogyakarta. 

Armstrong, K.C. 1995. Staining Procedure for 
Chromosome Analysis. In Garmborg, O.L 
and G.C. Phillips (ed). Plant Cell, Tissue and 
Organ Culture. Fundamental Methods. 
Springer-Verlag Berlin Heidelberg GmbH. p. 
251-266  

Busch, W., R.G.Hermann, A. Houben, and R. 
Martin.  1996.  Efficient preparation of plant 
metaphase spreads. Plant Molecular Biology 
Reporter. 14(2) :149-155. 

Chen, Q. and Li, H.Y. 2005. An improved 
technique for high resolution mitotic 
chromosome studies in Solanum. 
HortScience 40(1) : 54-56 

De Paula JM and Pinto-Maglio CAF. 2015. 
Technique to obtain mitotic chromosomes of 

Conyza banariensis L. Cronquist 
(Asteracea). Am.J. Plant Sci 6 : 1466-1474 

Dilipan, V.K., and Thangaradjou, T. 2014. 
Improved fixing and image interpretation 
techniques for counting chromosomes in 
Seagrass Halodule finifolia (Miki) den Hartog. 
Indian Journal of Geo-Marine Sciences 
43(10) : 1977-1980. 

Elumalal, R and R.Selvaraj. 2013.  
Karyomorphological studies in some taxa of 
Euphorbiaceae. Int.J.Cur.Tr.Res 2(1) : 210-
218. 

Fernandez-Martinez and L. Velasco, 2012.  
Castor. In S.K. Gupta (ed). Technological 
Innovation in Major World Oil Crops. Vol I : 
Breeding. Springer Science Business Media, 
LLC 2012. DOI 10.1007/978-1-4614-0356-
2_10. 

Galasso, I., D.Pignone, and P. Perrino. 1992. 
Cytotaxonomic studies in Vigna. I. General 
technique and Vigna unguiculata C-banding. 
Caryologia 45(2) : 155-161.  DOI : 
10.1080/00087114.1992.10797219. 

Kihlman, B.A. 1971. Root tips for studying the 
effects of chemicals on chromosomes.In 
A.Hollaender (ed.), Chemical mutagens. 
Principles and methods for their detection. 
Volume 2. Plenum Press New York. p. 489-
514   

Kirov, I., M. Divasuk, K. V. Laere, A.Soloviev, and 
L. Khrustaleva.  2014. An easy “SteamDrop” 
method for high quality plant chromosome 
preparation. Molecular Cytogenetics 7(21) : 
1-10. DOI : 10.1186/1755-8166-7-21.  

Ma, Y., M.Nurul Islam-Faridi, C.F. Crane, D.M. 
Stelly, H.J.Price, and D.H.Byrne. 1996. A 
new procedure to prepare slides of 
metaphase chromosome of roses. 
HortScience 31 (5) : 855-857. 

Maluszynska, J.  2003.  Cytogenetic test for 
ploydy level analyses-chromosome counting. 
p.391.  In. Maluszynski, M., K.J. Kasha, B.P. 
Forster, and I.Szarejko (eds). Double haploid 
production in crop plants. A Manual. Springer 
Science + Business Media LLC.p.391-395. 

Mirzaghaderi, A.  2010. A simple metaphase 
chromosome preparation from meristematic 
root-tip cells of wheat for karyotyping or in 
situ hybridization. Afr.J.Biotechnol 9(3) : 314-
318. 

Ogunniyi, D.S.  2006. Castor Oil : A Vital industrial 
raw material.  Bioresource Technology 97 : 
1086-1091. 

Osalou, A.R., S.D.Rouyandezagh, B.Alizadeh, 
Celal Er, and C.S. Sevimay. 2013. A 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Syakhril   et al.,                                  Aceto-Orcein Staining For Counting Somatic Chromosomes In Castor 

 

                                                          Bioscience Research, 2019 volume 16(2):2336-2342                                          2342 

 

comparison of ice cold water pretreatment 
and α-Bromonaphthalene cytogenetic 
method for identification of Papaver Species. 
The Scientific World Journal. Vol 2013.  
Article ID 608650, 6 pages. 
http://dx.doi.org/10.1155/2013/608650 

Owen, H.R., and A.R. Miller. 1993. A comparison 
of staining techniques for somatic 
chromosomes of strawberry.  HortScience 
28(2) : 155-156 

Pack, S.D. and C.A. Stratakis.  2002.  
Chromosomes : Methods for Preparation. 
Encyclopedia of Life Sciences.  Macmillan 
Publishers Ltd, Nature Publishing 
Group/www.els.net. p.1-3 

Perry, B.A. 1943. Chromosome numbers and 
phylogenetic relationships in the 
Euphorbiaceae. American Journal of Botany. 
30 (7) : 527-543 

Rachma, I., and A. Salamah. 2017. The 
Pretreatment effect to the chromosome of 
Hibiscus rosa-sinensis L. Proceeding of the 
3rd International Symposium on Current 
Progress in Mathematics and sciences 2017. 
AIP Publishing 

Rindyastuti, R dan B.S.Daryono. 2009. Identifikasi 
papasan (Coccinia grandis (L)Voigt) di tiga 
populasi di Yogyakarta. Jurnal Biologi 
Indonesia 6(1) :131-142.  

Roa, F and M. Guerra.  2015. Non-Random 
distribution of 5S rDNA sites and its 
association with 45s rDNA in plants 
chromosome. Cytogenet Genome Res. 146 : 
243-249.  DOI :10.1159/000440930 

Rodriguez-Dominguez J.M., LL Rios-Lara, E 
Tapia-Campos, and R.Barba-Gonzales. 
2017.  An improved techniques for obtaining 
well-spread metaphases from plants with 
numerous large chromosomes. Biotechnic & 
Histochemistry.  DOI : 
10.1080/10520295.2017.1288927  

Severino, L.S., D.L. Auld, M.Baldanzi, Magno J.D. 
Candido, G.Chen, W.Crosby, Tan D., X. He, 
P.Lakshmamma, C.Lavanya, Olga L.T. 
Machado, T.Mielke, M.Milani, T.D.Miller, 
J.B.Morris, S.A. Morse, A.A. Navas, D.J. 
Soares, V.Sofiatti, M.L. Wang, M.D. Zanotto, 
and H.Zieler. 2012. A Review on the 
challenges for increased production of 
castor. Agron.J. 104(4) : 853-880. DOI : 
10.2134/agronj2011.0210.    

Sharma, A.K and A. Sharma. 1980. 
Chromosomes Techniques. Theory and 
Practice. Third Edition. Butterworths.  

Singh, R.J. 2018. Practical manual on plant 

cytogenetics. CRC Press.  
Storey, W.B, L.S. Jordan, and J.D. Mann. 1968. 

Carbamate herbicides- New tools for 
cytological studies. California Agriculture. 
p.12 

Sultana, S.S., A.N.M.R Rahman, S.S. Alam. 2009. 
Karyotipe analysis with orcein and CMA from 
leaf base cells of Raufolvia serpentina benth. 
Kurz. Bangladesh J.Bot. 38(1) : 111-113.  

Syukur M., S. Sastrosumarjo, Y. Wahyu, S.I. 
Aisyah, S. Sujiprihati, R.Yunianti.  2013.  
Sitogenetika Tanaman. IPB Press. Bogor. 

Taniguchi, K. 2017. Plant chromosome at 
metabolic phase. In Fukui, K., and S. 
Nakayama. Plant chromosome : Laboratory 
Methode.  CRC Press.   

Tlaskal, J. 1980. Combined cycloheximide and 8-
Hydroxyquinoline pretreatment for study of 
plant plant chromosomes. Stain Technology 
54(6) : 313-319. 

Tsuchiya, T and C. Nakamura. 1979. 
Acetocarmine squash method for observing 
sugar beet chromosomes. Euphytica 28 : 
249-256.  

Vasconcelos, S., Analice Araujo de Souza, Cassia 
Lima Silva Gusmao, Maira Milani, Ana 
M.Benko-Iseppon, Ana Christina Brasileiro-
Vidal. 2010. Heterochromatin and rDNA and 
45S sites as reliable cytogenetic markers for 
castor bean (Ricinus communis, 
Euphorbiaceae). Micron 41 : 746-753. 

Willie, P.O and P.O.Aikpokpodion. 2015. Mitotic 
activity in Cowpea (Vigna unguiculata (L) 
land race “Olaudi” Walp) in Nigeria. 
American Journal of Plant Sciences 6 : 1201-
1205. 

Winarto, B. 2011. Pewarnaan kromosom dan 
pemanfaatannya dalam penentuan tingkat 
ploidi eksplan hasil kultur anter Anthurium. 
J.Hort 21(2) : 113-123. 

Zoshchuk, N.V; E.D. Badaeva, and A.V. Zelenin. 
2003. History of modern chromosomal 
analysis. Differential staining of plant 
chromosomes. Russian Journal of 
Development Biology 34 (1) : 

 
 
 
 
 
 
 


