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Ginger (Zingiber officinale  Rosc.) a herbaceous perennial of the family Zingiberaceae, is 
an important spice of South Asian origin (Baily 1949, Parry 1969). It is grown extensively in 
the tropical and sub-tropical parts of the world. The dried rhizome of ginger is widely used in 
the preparation of soft drinks and beverages such as gingerale, ginger beer, ginger tea, ginger 
wine, bitters, cordials and liquors and candies, pickles, sauces, preserves, bakery products and 
also used as vitaminized effervescent. Ginger forms a major ingredient in the traditional 
medicine of India; the oil and oleoresin are used in pharmaceutical preparations as a carmina-
tive, rubefacient and stimulant for alcoholic gastritis, dyspepsia,  flatulent colic etc. It is 

propagated vegetatively by rhizomes and cultivated commercially in India, China, Taiwan, 
Philippines, Sierra Leone, Jamaica, Fiji and Nigeria. India produces 14, 85, 200 tonnes of 
rhizome annually from an estimated area of 53,300 hectares (Ravindran et al. 1994) and has a 
lucrative export market (Peter 1994). In India, the production trend registered a decline with 
6.7% less annual yield in 1994-95 as compaired to that of 1993-94 (Peter 1996) mainly due to 
the rhizome rot disease caused by Pythium spp. and the bacterial wilt caused by Pseudomonas 
solanacearum. Many cultivars and local races are facing the threat of extinction for many 
reasons other than these two major problems. 

However, the genetic improvement of this crop through conventional breeding is handi-
capped due to incompatibility and high pollen sterility resulting in no seed set. The somatic 
chromosome number 2n = 22 was reported in Zingiber officinale (Sugiura 1928, Sharma and 
Bhattacharyya 1959, Ramachandran 1969) but 2n = 24 and 66 was reported by Kihara et al. 

(1931) and Bisson et al. (1968) respectively. Detailed karyotype analysis and 4C DNA 
estimation in different cultivars and species of ginger have not been reported sofar, which is a 

prerequisite for ginger genetic improvement programme. The study of DNA content in 
different taxa has much importance in different aspects of chromosome research (Price 1976, 
Sharma 1983). In order to ascertain precisely the importance of DNA in genetic diversity and 

phylogeny, an understanding of the variations at generic/specific and cultivar level, if any, is 
necessary. The present study principally deals with the DNA estimation of 9 cultivars of 
Zingiber  officinale to find out the extent to which the values of DNA are indicative of the 
relationship with karyotype, chromosome volume, chromosome size and to what extent they 
have a selective adventage. 

Materials and methods 

Estimation of nuclear DNA content and karyotype analysis were made on 9 different 
cultivars of ginger (Zingiber officinale Rose.) namely  'Sichhey',  'Turia local',  'S-541', 'Z-17',  'V 
2E52',  'S-558',  'V3S18',  'Suravi',  'Gorubathaney'. Rhizomes were collected from Pottangi of 
Orissa, Kalimpong of West Bengal and Sichhey of Sikkim, India. The rhizomes were grown in 
the experimental gardens of Regional Plant Resource Centre, Bhubaneswar, Orissa. 

Young and healthy root tips were pretreated in saturated paradichlorobenzene and
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oxiquinoline mixture (1 : 1) for 3.5 hr at  14°C followed by overnight fixation in 1 : 3 propionic 

ethanol. Chromosome staining was made in  2% lacto-propionic orcein after cold hydrolysis in 

5 N HC1 for 7  min. Root-tips were squashed in  45% propionic acid. Ten well scattered 

metaphase plates were selected for karyotype analysis of each species. Total chromosome 

length of the genome was ascertained by adding the length of all chromosomes in the karyotype; 

total chromosome volume of a karyotype was calculated by applying the formula  •¬ r2h, where 

r and h represent the radius and the length of the chromosome respectively. Form percentage 

(F%) of individual chromosome was calculated following the method of Das and Mallick 

(1993b). Total form percentage (TF%) of a karyotype was the average of sum total of F% of 

a karyotype. Mean values of total genomic chromosome length and total genomic chromosome 

volume with standard error were calculated. 

For feulgen cytophotometric estimation of 4C DNA, ten fixed root-tips from each cultivar 

were hydrolysed in 1 N HC1 for 12  min at  60°C, washed in distilled water and stained in  Schiff's 

reagent for 2 hr at  14°C; each root-tip squash was prepared in  45% acetic acid. Ten scorings 

were made from each slide and 4C DNA was estimated from metaphase chromosomes using 

Nikon Optiphot microscope with microspectrophotometer following the method of Sharma and 

Sharma (1980) with monochromatic light at 550 nm. In situ DNA values were obtained on the 

basis of optical density which were converted to picograms (pg) by using Van't  Hors (1965) 

4C nuclear DNA value  (67.1 pg) for Allium cepa as standard. The correlation coefficient 

analysis between different chromosomal parameters was done to find out the relationship of 

genomic characteristics. ANOVA were performed (Sokal and Rohlf 1973) among the different 

cytological parameters following Duncan's multiple range test (Harter 1960); t-test between 

different chromosomal parameters was done to find out the relationship between different 

genomic characteristics at the family level. The karyogram and idiogram of individual species 

were prepared through the application of CHROMEX software, courtesy Dr. Sour, University 

of Tubingen, Germany. 

Results 

Chromosome characteristics 

The somatic chromosome number 2n  =  22 was observed in all the cultivars of ginger 

studied. Some of the somatic cells of  `Gorubathaney' and  `Suravi' showed 2n  =  24 which were 

not significant statistically. On the basis of the size of the chromosome and the position of the 

constrictions, a number of chromosome types were found to be common with the cultivars 

studied though they differed from each other in the minute details of the karyotype. The 

general characteristics of different types of chromosomes are presented in Fig. 1. The 

karyotype formula of all the cultivars revealed definite differences in the structural alterations 

of chromosomes (Table 1,  Figs. 2-10,  2a-10a). A remarkable feature was noted in  `S-542' 

where all the types of chromosomes, i.e. A, B, C, D, and E were found in the genome. The A 

type of chromosome having secondary constriction in the long arm was observed in  'Turia 

local', 'S-541',  'Z-17' and  `V2E52'. The satellite constricted C types with different doses were 

common in all the cultivars except in  'Turia local'. Absence of B type of chromosome was 

noticed in all the cultivars except in  `S-541'. Furthermore, dose differences in the of submedian 

and the median constricted D and E types of chromosome revealed the genome specific 

characteristics. The total genomic chromosome length ranged form 55.62-85.23  IL in  `Sichhey' 

and  `Gorubathaney' respectively. The total chromosome volume varied from 140.29  it' in
'Turia local' to 180.28  g3 in  ̀ S-541' (Table 1, Fig. 11). The total form percentage (TF%)
varied from  35.53  in  ̀ S-541' to 42.70 in  `Gorubathaney' respectively. Significant variations in 
chromosome length, volume and TF% were observed among the studied cultivars of ginger.
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4C nuclear DNA amount 

The nuclear DNA amount along with the other cytological parameters have been pre-

sented in Table 1 and Fig. 11. The 4C DNA varied significantly in different cultivars of ginger 

form  19.663 pg in  'Z-17' to 24.280 pg in  `S-541' where the genomic chromosome volume and

Fig. 1. Types of chromosomes present in different cultivars of Zingiber  officinale Rosc. Figs. 
2-10. Somatic metaphase plates of different cultivars of Z.  officinale  Rosc. with 2n  =  22 
chromosomes  X2940. 2.  ̀ Sichhey', 3.  'Turia local', 4.  'S-541', 5.  'Z-17', 6.  ̀ V2E52', 7.  ̀ S-556', 8.

‘V3S18', 9.  `Suravi', 10.  `Gorubathaney'.
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length ranged from 135.98-180.28  #3 and 65.40-63.73  ,te respectively. The  nucler DNA content 
was directly proportional to the genomic chromosome volume in the ginger cultivars studied. 
The ANOVA and Duncan's multiple range test showed significant variation in nuclear DNA 
among the cultivars of ginger at  1% level (Tables 2,  3). 

Discussion 

Karyotype, genome length and nuclear DNA amount 
A detailed karyotype analysis of 9 cultivars of ginger revealed some important findings.

Figs.  2a-10a. Idiograms of corresponding metaphase plates in different cultivars of Z.  officinale.
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The metaphase chromosome number 2n  =  22 chromosomes were constant in all the cultivars 

but the type of chromosomes present and also number of secondary constricted chromosomes 

varied with the cultivars. The sporadic occurrence of 2n  =  24 in some cultivars might be due 

to abnormal spindle function in metaphase during clonal multiplication or due to the residual 

effects of mutagens during synthetic establishment of the ginger cultivars. But the non-stability 

of the aneuploid number might be directly related with the natural selection. The B type of 

chromosomes was present only in  `S-541'. Absence of A type of secondary constricted 

chromosomes was recorded in  `Sichhey',  `V2E52',  `S-558',  `Suravi',  `Gorubathaney'. Though

the karyotype formula in  `S-558' and
'G orubathaney' showed no difference, the

genomic chromosome volume and genomic 
chromosome length varied significantly be-

tween the cultivars. Again, a gradual numer-

ic alteration of D and E type of chromosomes 

was evident in all the cultivars except
'S ichhey' and  S-541' where alterations were

more prominent between the super-numeric 

constricted chromosomes. The structural

Fig. 11. Comparative bar diagram representing total chromosome volume and 4C DNA con-
tent in different cultivars of Z.  ojficinale.

Table  2, ANOVA of 4C DNA content in different 
cultivars of ginger (Zingiber officinale  Rose.)

Table 3. Multiple comparisons of the means of 4C DNA amounts for 9 cultivars of ginger 

(Zingiber  ojficinale  Rosc.). Values are different between pairs of means (pg)
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changes as well as the variations in the parts of heterochromatins might have played a vital role 

(Mukhopadhay and Sharma 1987, Das et al. 1995) to effect these differences in the sequences 
in the chromosomes. 

The gradual changes and shifting of TF% values (Table 1) might be due to the 
chromosomal alterations in the genome. However, detailed structural alteration of the 
chromosome morphology as well as variation of secondary constricted chromosomes in 
different cultivars might be due to duplication of chromosomes or translocation between the 
chromosomes with or without secondary constriction at a very early stage of evolution (Das 
1991, Das and Mallick 1993a, b, Das and Das 1994). The genome length varied from 2.528  g 
to  3.874,a per chromosome in  ̀ Sichhey' and  ̀ Gurubathaney' respectively. The nuclear DNA 
content was rather constant i.e. 24.280 pg and  24.102 pg in  `S-541' and  T3S18' respectively 
where the karyotype and genome length showed quite significant differences. The correlation 
coefficient between genome length and genomic DNA content did not show significant possitive 
relation  (r  0.372). This clearly suggests that the DNA content is not possitively correlated 
with the total chromosome length. The differences in length may be attributed to the 
differential condensation and spiralization of chromosome arm.

Nuclear DNA amount in relation to genomic chromosome volume 

A critical analysis revealed significant variations in the total chromosome volume ranging 

from  6.376113 in  'Tuna local' to  8.194  ƒÊ3 in  `S-541' (Table  1). The DNA content showed a high 

degree of correlation with their genome volume (r =  0.915). However, in eukaryotic system 

chromosome volume is determined not only by DNA but by the basic and non-basic proteins 

as well. The cultivars and species specific compaction of DNA threads along with nucleosomes 

or the additional gene sequences (Das and Mallick 1989a) with altered non-histone proteins 

(Chattopadhyay and Sharma 1990) in the chromosome played an important role for chromos-

omal architecture of the species. 

Varietal diversification in DNA amount 

The estimated 4C DNA values were reported for the first time in the 9 studied cultivars of 

ginger. Significant differences of 4C DNA were recorded between the  cultivars; however, such 

differences are in agreement with the findings of other workers (Nishikawa 1970, Furuta et al. 

1975, Narayan and Rees 1976, Price et  aL 1980, Resslar et al. 1981, Raina and Rees 1983, 

Banerjee and Sharma 1987, Das and Mallick 1989b, 1993a, b, Das and Das 1994) . The 

constancy in the DNA amount at the cultivar level in repeated experiments revealed the stable 

4C DNA content in each cultivar. The DNA amount, though, differed significantly at the 

intercultivar level, the differences in the DNA content, however, grately depended on the 

repetitive DNA amount  (Flavell  et al. 1977). The maximum  (24.280  pg) 4C DNA content was 

noted in  `S-541' with all chromosomal types and the minimum (19.663 pg) in cv.  Z-17 among 

the studied cultivars of ginger. The chromosome volume, however, showed a high correlation 

with 4C DNA amount (0.979). The variability in the stable DNA content in different cultivars 

might be attributed to the loss or addition of many repeats in the genomes' micro- and 

macro-environment during evolution of new cultivars (Price et al. 1980, Das and Das 1994). 

The variability of DNA amount has often been attributed to loss or addition of highly  repititive 

DNA sequences in a genome which reached a certain level and got stabilized through gradual 

selection.

Summary

Extensive karyotype analysis including determination of somatic chromosome number,
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total chromosome length and volume and estimation of 4C DNA amount were carried out on 
9 different cultivars of ginger (Zingiber officinale Rose.) for the first time. A significant 
variation in nuclear DNA amount was recorded at the cultivar level. The 4C DNA amount 
varied from 19.663-24.102 pg in the cultivars studied. The correlation coefficient studies 
showed that the 4C DNA content and genomic chromosome volume were interdependent. The 
structural alteration of chromosomes as well as loss or addition of highly repetitive sequences 
in the genome showed variation in the DNA amount at cultivar level, but a marginal variation 
in nuclear DNA content at the cultivar level indicated a close relationship between them. 

Acknowledgements 

The authours are greteful to Department of Forest and Environment, Government of 
Orissa, for providing the facilities. 

References 

Baily, L. H. 1949. Manual of Cultivated Plants. 2nd edn.,  MacMilln, New York, USA. 
Banerjee, N. and Sharma, A. K. 1987. Cytometric estimation of nuclear DNA in different species and varieties of 

Agave. Cytologia (Tokyo)  52(1): 85-90. 
Bennett, M. D. and Smith, J. B. 1991. Nuclear DNA amounts in angiosperms. Phil. Tra. Royal Soc. London B 334: 

309-345. 
Bisson, S., Guillemet, S. and Hamel, J. L. 1968. Contrution a  letude caryo-taxinomique des Scitaminees. Mem. Mus. 

Matl. Nat., Ser. B 18: 59-133. 
Chattopadhyay, D. and Sharma, A. K. 1990. Chromosome studies and micro-spectro-photometric estimation of 

nuclear DNA in different strains of Coriandrum sativum L. Cytobios 64: 43-51. 
Das, A. B. 1991. Chromosomal variability in relation with 4C DNA content in the subtribe Carinae. Cytologia 56: 

627-632.
― and Das, P. 1994. Estimation of 4C DNA content and karyotype analysis in edible varieties of banana (Musa 

acuminata). Cytobios 78: 213-220.
― and Mallick, R. 1989a. Variation in karyotype and nuclear DNA content in different varieties of Foeniculum vulgare 

Mill. Cvtologia 54: 129-134.
― and ― 1989b. Interrelationships between karyotype, interphase nuclear volume, in situ DNA content and seed

ultrastructure in Anethium  graveolens L. In: Manna, G. K., Sinha U  (ed): Perspectives in Cytology and 
Genetics Vol 6, pp. 211-218. Typographers, New Delhi.

― and ― 1993a. Nuclear DNA and chromosomal changes within the tribe Ammineae. Cytobios 74: 197-207.
― and ― 1993b. Karyotype diversity and interspecific 4C DNA variation in Bupleurum.  Biologia Plantarum 35:  355

363.
―

, Basak, U. C. and Das, P. 1995. Variation in nuclear DNA content and karyotype analysis in three species of

Avicennia, a tree mangrove of costal Orissa. Cytobios 84: 93-102. 
Flavell, R. B., Rimpau, J. and Smith, D. B. 1977. Repeated sequence DNA relationships in four cereal genomes. 

Chromosoma (Berl.) 63: 205-222. 
Furuta, Y., Nishikawa, K. and Makino, T. 1975. Interspecific variation of nuclear DNA content in Aegilops squarrosa 

L. Jap. J. Genet. 50: 257-263. 
Harter, H. L. 1960. Critical values for Duncan's multiple range test. Biometrics 16: 671-685. 
Kihara, H., Yamamoto, Y. and Hosono,  S. 1931. A list of chromosome numbers of plants cultivated in Japan. 

Chokobutsu Senshokuitaisu no kenkyon (Tokyo): 193: 330. 
Mukhopadhyay, S. and Sharma, A. K. 1987. Karyomorphological analysis of different species and varieties of 

Calathea, Maranta and Stromanthe of Marantaceae. Cytologia 52:  821-831. 
Narayan, R. K. J. and Rees, H. 1976. Nuclear DNA variation in Lathyrus. Chromosoma 54: 141-154. 
Nishikawa, K. 1970. DNA content of the individual chromosomes and genome in wheat and its relatives. Seiken Ziho 

22: 57-65. 
Parry, J. W. 1969. Ginger. In: Spices Vol. II. Morphological, History, Chemistry, London Food Trade Press Ltd. pp. 

49. 
Peter, K. V. 1994. Spices-mixed performance. Hindu Survey of Indian Agriculture. pp.  91-95.
― 1996

. Spices research and development-an updated overview. Employment News  21(21): 2-5.



1997 Estimation of 4C DNA and Karyotype Analysis in Ginger 141

Price, H. J. 1976. Evolution of DNA content in higher plants. Bot. Rev. 42: 27-52.
―

, Bachman, K., Cihambers, K. L. and Riggs, J. 1980. Detection of interspecific variation in nuclear DNA content

in Microseris douglasii. Bot. Gaz. 141: 195-198. 
Raina, S. N. and Ress, H. 1985. DNA variation between and within chromsome complements of Vicia sp. Heredity 

51: 335-346. 
Ramachandran, K. 1969. Chromosome numbers in Zingiberaceae. Cytologia 34: 213-221. 
Ravindran, P. N., Sasikumar, B., George, J. K., Ratnambal, M. J., Nirmal Babu, K., Zachariah, J. T. and Nair, R. R. 

1994. Genetic resources of ginger (Zingiber officinale Rosc.) and its conservation in India. Plant Genetic 
Resources Newsletter 98: 1-4. 

Resslar, P. M., Studky, J. M. and Miksche, J. P. 1981. Cytophotometric determination of the amount of DNA in 
Arachis L. Sect. Arachis (Leguminosae). Am. J. Bot. 68: 149-153. 

Sharma, A. K. 1983. Additional genetic materials in chromosomes: Kew Chromosome Conf. II (eds.) P. E. Brandham 
and M. D. Bennett (UK: George Allen and Unwin) pp. 35-42.

- and Bhattacharya, M. K. 1959. Cytology of several members of Zingiberaceae and a study of the inconstancy of

their chromosome complement. Cellule 59: 299-345.
- and Mukhopadhyay, S. 1984. Feulgen microspectrophotometric estimation of nuclear DNA of species and varieties 

of three different genera of Marantaceae. Proc. Indian Acad. Sci. (Plant Sci.) 93(3): 337-347.
- and Sharma, A. 1980. Chromosome techniques: theory and practice. Third edition. Butterworths, London.

Sokal, P. R. and  Rohlf, F. J. 1973. Introduction to Biostatistic. Freeman, San Francisco. 

Sugiura, T. 1928. Chromosome numbers in some higher plants I. Bot. Mag. 42: 504-506. 

Van't Hof' 1965. Relationships between mitotic cycle duration, S period duration and the average rate of DNA 

synthesis in the root meristem cells of several plants. Exp. Cell Res. 39: 48.


