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Summary Rhizome yield, 4C nuclear DNA content and RAPD analysis were carried out of 17
promising cultivars of turmeric (Curcuma longa L.). The rhizome yield per plant varied significantly
from 77.66 to 350 g among 17 cultivars of Curcuma longa. Significant variation of 4C DNA content
was recorded at the intraspecific level with values ranging from 4.30 to 8.84 pg. The differential
DNA content observed among 17 different cultivars of Curcuma longa comprising same (2n=48)
chromosome number could be attributed to the loss or addition of highly repetitive sequences in the
genome. Random amplified polymorphic DNA (RAPD) analysis clearly revealed genetic variation
among 17 cultivars of turmeric showing differential polymorphism using 20 primers. The amplifica-
tion fragments per primer ranged from 4 to 17 in 17 cultivars with fragment size ranging from 0.4 kb
to 3 kb. Intraspecific polymorphism ranged from 35.6% to 98.6% among 17 cultivars studied. The
RAPD primers OPNO6 and OPA04 having strong resolving power were able to distinguish all 17 cul-
tivars. The extent of genetic diversity among 17 cultivars was computed through Nei’s genetic simi-
larity and genetic distances. The genetic variations detected through 4C nuclear DNA content and
RAPD analysis have significance for turmeric improvement programmes.
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Turmeric (Curcuma longa L.) of the family Zingiberaceae is an important spice; well known as
condiment and colouring agent since time immemorial (Anonymous 1950). In Indian system of
medicine turmeric is used as stomachic, tonic and blood purifier. It possesses unique combination
of properties like antioxidant, hepatoreactive and anticancer effect (Roses 1999). Oil of turmeric
has got antifungal, anti-inflammatory and antiarthritic activity and acts as antacid, carminative and
appetisers (Anonymous 1950). India enjoys monopoly in production and export of this crop.
Turmeric is an asexually propagated crop displaying great morphological diversity. More than 50
cultivars of C. longa are known by different trade names. Until recently, several promising cultivars
released formally are characterized on the basis of morphological data, curcumin content and yield
potential. Worldwide demand on turmeric (Roses 1999) necessitate work on conservation of
turmeric germplasm and their further genetic improvement. Therefore precise characterization of
promising cultivars and determination of genetic variation among those are felt necessary. Until re-
cently, several promising cultivars released formally are characterized on the basis of morphological
data, curcumin content and yield potential. These characters differ under varying environmental
condition thereby posing problem in proper identification of cultivars. Unlike morphological mark-
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ers, cytological (chromosome numbers, nuclear DNA content) and molecular markers (RAPD.
portraying the extent of genetic diversity among taxa (Bennett 1987, Bennett and Smith 1991,
Waugh and Powell 1992, Chalmers ez al. 1994, Das et al. 1998, Rodriguez et al. 1999, Das er a
2001). Of the different markers, RAPD has been widely used in the last decade in cultivar identis
cation programme (Schnell ef al. 1995) and in assessing genetic variations among different taxz -
DNA level because of its cost effectiveness and simple operation without requiring prior knowledz
of species DNA sequences (Williams er al. 1990, Frankel ef al. 1995). RAPDs reveal similar pat-
terns of genetic diversity when compared with other marker types and can be performed mors
rapidly than most other methods (Morell e al. 1995) and can provide vital information for the de-

velopment of genetic sampling, conservation and improvement strategies (Waugh and Powell 199
Chalmers ez al. 1994). No report has yet been published so far either on the genetic characterization

or on the extent of genetic variations existing among promising cultivars of turmeric using 4C DNA
content and RAPD analysis.

The present study deals with the in situ DNA estimation and RAPD analysis of 17 promising
cultivars of turmeric to identify and evaluate extent of genetic variation existing among these

Materials and methods

Rhizomes of 17 cultivars of turmeric i.e. Acc29, Acc27, Acc39, Acc35, Accd3. Accil. 4oc3!
Accd7, TU6, PTS43, PTS47, PTS52, PTS51, PTS55, PTS59, RHS and PCT8 were collecied o
turmeric germplasm collection of Orissa University of Agriculture and Technology (0.1 4
Bhubaneswar, Orissa, India. Of these 17 cultivars of turmeric, cultivars TU6, RHS3 and PCT# wers
initially brought from the state of Bihar, India, whereas rest were collected from the same sa-
Orissa. These cultivars of Curcuma longa comprised 2n=48 chromosomes. Rhizomes of 211 culn-

vars were planted in the field at O.U.A. T, Bhubaneswar (29 m above MSL) during June. 2002 2nd

1

were harvested after 8 months of growth i.e. during February, 2003. Mean rhizome vield ner niame
was calculated taking average of 3 clumps during harvest.
For Feulgen cytophotometric estimation of 4C DNA, ten fixed root tips from each cultnar

were hydrolysed in 1IN HCL for 12min at 60°C, washed in distilled water and stained in Sch &%
reagent for 2h at 14°C; each root-tip squash was prepared in 75% acetic acid. Ten sc DIINGS WeTe
made from each slide and 4C DNA was estimated from metaphase chromosomes using NI&C

Optiphot microscope with microspectrophotometer following the method of Sharma znd Skar—=
(1980) with monochromatic light at 550 nm. In situ DNA values were obtained on the basis of ooe-

cal densities which were converted to picograms (pg) by using Van’t Hof’s (1965) 4C nuclear DN 4
value (67.1 pg) for Allium cepa as standard. Cultivar N-53 of A. cepa was used in our experims
ANOVA were performed among the nuclear DNA values to find out the differences at cultivar l=v=

Nuclear DNA extraction

Genomic DNA was isolated from fresh and young leaves. Leaves were harvested freshiy and
washed thoroughly with cold autoclaved water and then blotted to dry. About 2 g leaf was =xc
from the upper tip portion of the buds. DNA was isolated following the protocol of Daonic and
Doyle (1990) with little modification. Insoluble polyvinyl polypyrrolidone was added 1o the lea® s
sue prior to grinding. The crude DNA was purified with RNase A 60 ggml ' of DNA soluton ©ol-
lowed by washing thrice with purified chloroform : isoamyl alcohol (24: 1). To test the gualiny and
quantity of the purified DNA, the samples were electrophoresed in 0.8% agarose sel alon
known amount of uncut lambda DNA (Bangalore Genei pvt. Ltd, Bangalore. India) as standard.
The sample DNA was diluted as 25 ng ul~' for RAPD-PCR analysis.
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Table 1. Rhizome yield, 4C nuclear DNA content and extent of DNA polymorphism in 17 cultivars of Cur-
cuma longa

Culfivars Rhizome yield (g) 4C nuclear DNA Number of % of polymorphic
mean*SD content (pg) polymorphic bands* bands
ACC29 208.33+7.63 8.10=0.10 46 73.0
ACC27 244.33£5.13 8.58%+0.06 3i 39.7
ACC39 255.12+5.22 7.31£0.07 38 41.8
ACC35 305.00=5.00 6.81£0.05 60 65.2
ACC43 262.66+5.50 6.07x0.04 59 58.4
ACC40 185.23+6.31 7.57+0.05 52 61.9
ACC31 259.00+6.55 6.86+0.04 69 98.6
ACC47 235.66+5.13 7.16£0.09 40 955
TU6 232.38+7.02 5.73£0.08 71 60.7
PTS43 350.00+8.35 6.27x0.13 69 68.3
PTS47 157.00+5.56 5.30%0.05 36 529
PTS52 266.00£5.53 5.13%0.08 41 70.7
PTS51 250.00+8.00 5.53+0.10 26 35.6
PTS55 313.33+7.23 8.37+0.08 55 63.2
PTS59 77.66+5.50 8.840.04 40 55.5
RHS 266.33+6.02 4.8320.06 81 TLT
PCT8 151.66%8.5 4.30%+0.07 85 82.5

*SD value was zero since number of polymorphic bands in different cultivars remained constant in repeated experi-
ments.

Table 2. ANOVA of rhizome yield and 4C DNA content in 17 cultivars of Curcuma longa

Source of variance Degree of freedom Sum of square Mean square Variance component

(a) Rhizome yield per plant

Between cultivars 16 222455.3 13085.6 266.15%*
Residual 34 1770.0 49.17 —
Total 50 2242253

(b) 4C nuclear DNA content
Between cultivars 16 92.345 5712 293 47%*
Residual 34 0.669 0.0197
Total 50 93.014

** Significant at p=0.01 level of significance.

RAPD amplification

Twenty random decamer primers (Operon Tech., USA) from A, C, D and N series (OPA02, 03,
04. 06, 10; OPCO02, 05, 06; OPDO03, 07, 08, 18, 20 and OPNO5, 06, 07, 08, 15) were used for RAPD
analysis. RAPD assays were performed in a final volume of 25 ul containing (10 mM Tris-HCL pH
9.0): 1.5mM MgCL,; 50 mM KCL and 0.01% gelatin; 200 uM of each dNTPs; 0.4 M primer; 25 ng
template DNA and 0.5 unit of Taq DNA polymerase (Bangalore Genei; Bangalore, India). The
RAPD analysis was performed as per the methodology described by Williams er al. (1990) using
Gene Cycler, Bio Rad, USA. The first cycle consisted of denaturation of template DNA 94°C for
5 min, primer annealing 37°C for 1 min and primer extension at 72°C for 2 min. In the next 42 cy-
cles the period of denaturation was reduced to 1 min at 92°C while the primer annealing and primer
extension time remained same as in the first cycle. The last cycle consisted of only primer extension
(72°C) for 7min. The reactions ended with an indefinite hold at 4°C.

Amplification products were electrophoresed in 1.5% agarose gels containing ethidium bro-
mide 0.5 ugml™" in TAE buffer (40 mM Tris base, 20 mM sodium acetate, 20 mM EDTA, glacial
acetic acid to pH 7.2) for 3h at 60 volts. A total of 2.5 ul loading buffer (1.0X TAE, 50% glycerol,
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Fig. 1. RAPD amplification products obtained from the 17 cultivars studied: 1 Acc27, 2 Acc29, 3 Acc3l, 4
Ace35, 5 Ace39, 6 Accd0, 7 Aced3, 8 Accd7, 9 Pts 43, 10 Pts47, 11 PtsS1, 12 Pts52, 13 Pts55, 14
Pts59, 15 TU6, 16 RHS, 17 PCT8. M=the weight of molecular markers.

0.25% bromophenol blue and 0.25% Xylene Cyanol) was added to each reaction before elec-
trophoresis. After electrophoresis, gels were observed under UV-illuminator, documented in Gel-
Doc 2000 (Bio-Rad, USA) and photographed.

Resolving Power

According to Prevost and Wilkinson (1999) the Resolving power (Rp) of a primer is: Rp=XIB
where IB (band informative ness) takes the value of: 1—[2X(0.5—p)], p being the proportion of the
17 genotypes (turmeric cultivars analyzed) containing the band.

RAPD data analysis

In RAPD analysis, the presence or absence of the bands were taken into consideration, but the
differences in their intensity were ignored. POPGENE software was used to calculate Nei’s unbi-
ased genetic distance between cultivars with all markers (derived from 20 random primers) (Nei
1973). Total gene diversity among 17 cultivars could be calculated using this software.

Results

Rhizome yield
The rhizome yield per plant of 17 cultivars of turmeric varied significantly from 77.66 g in
PTS59 to 350 g in PTS43 after first harvest (Tables 1, 2).

4C nuclear DNA content

The 4C nuclear DNA amount of all 17 promising turmeric cultivars are mentioned in Table 1.
The 4C nuclear DNA content was found to be lowest (4.3 pg) in PCTS8 and highest (8.84 pg) in
PTS59. The ANOVA test showed that the variation in the nuclear DNA content among 17 cultivars
of turmeric was significant at 1% level (Table 2).
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Table 3. Nei's original measures of zenetic identity and genetic distance between different cultivars of Cur-
cuma longa

pop ID Acc27 Acc29 Acc31 Acc35 Acc39 Acc40 Acc43 Acc47 Pts43
Acc27 kikkk 0.8883 8715 0.7933 0.7989 0.8715 0.7654  0.8436 0.7654
Acc29 0.1185 i 0.8603 0.7598 0.7542 0.8603 0.7095  0.8324 0.7430
Acc3l 0.1375 0.1504 i 0.8212 0.8156 0.8883 0.7709  0.8715 0.8045
Acc35 0.2316 0.2747 D.197C Y 0.9497 0.8547 0.8939  0.8156 0.8380
Acc39 0.2245 0.2821 D38 0.0516 ThEY 0.8492 0.9106  0.8324 0.8436
Acc40 0.1375 0.1504 0.1569 0.1635 Hokskk 0.8268  0.8939 0.8156
Accd3 0.2674 0.3432 601 0.1122 0.0936 0.1902 s 0.7989 0.8436
Accd7 0.1701 0.1834 0.1375 0.2038 0.1834 0.1122 0.2245 HEEE 0.7877
Pts43 0.2674 0.2970 02176 0.1768 0.1701 0.2038 0.1701 0.2386 HHRE
Pts47 0.1375 0.1375 01834 0.3122 0.2747 0.1970 0.3199  0.1504 0.3046
Pts51 0.1440 0.1311 1902 0.2747 0.2529 0.1902 03122 0.2107 0.2529
Pts52 0.1504 0.1375 1701 0.2821 0.2457 0.1834 03199  0.1248 0.3199
Pts55

0.1970 0.2245 0.1902 0.1635 0.1311 0.1635 0.1970  0.1440 0.1970
Pts59 0.1504 0.1504 D.18 0.2245 0.1902 0.1440 0.2895 0.1504 0.2747
Tub 0.3752 0.4779 03671 0.2747 0.2674 0.3354 0.2970  0.3752 0.1701
Rh5 0.4512

0.5053 0.5146 0.5527 0:5239 0.5146 0.5239 0.5239 0.4338

Pct8 0.5334 0.5146 ).4689 0.5053 0.5146 0.5239 04600  0.4960  0.4779
pop ID Pts47 Pts51 Pis52 Pts55 Pts59 Tu6 Rh5 Pct8
Acc27 0.8715 0.8659 0.8212 0.8603 0.6872 0.6369 0.5866
Acc29 0.8715 0.8771 0.7989 0.8603 0.6201 0.6034 0.5978
Acc3l 0.8324 0.8268 0.8268 0.8324 0.6927 0.5978 0.6257
Acc35 0.7318 0.7598 D 0.8492 0.7989 0.7598 0.5754 0.6034
Acc39 0.7598 0.7765 7821 0.8771 0.8268 0.7654 0.5922 0.5978
Acc40 0.8212 0.8268 8324 0.8492 0.8659 0.7151 0.5978 0.5922
Acc43 0.7263 0.7318 D.7263 0.8212 0.7486 0.7430 0.5922 0.6313
154 0.8603 0.8101 0.8827 0.8659 0.8603 0.6872 0.5922 0.6089
0.7374 0.7765 0.7263 0.8212 0.7598 0.8436 0.6480 0.6201
TR 0.8939 %883 0.7933 0.8324 0.6257 0.6536 0.5922
0.1122 REE D.8715 0.8101 0.8603 0.6648 0.6145 0.5531
0.1185 Ry 0.8268 0.8771 0.6145 0.5754 0.5698
0.2316 D.1902 Rk 0.8045 0.7654 0.6369 0.5531
0.1834 1311 0.2176 FHrE 0.6592 0.5866 0.5810
0.4689 2269 0.2674 0.4167 Fpdk 0.6480 0.5419
0.4252 5527 0.4512 0.5334 0.4338 THEE 0.5810
0.5239 5624 0.5923 0.5430 0.6127 0.5430 A

Nei's genetic identity (above diagonzl) and genetic distance (below diagonal).
RAPD analysis
RAPD analysis was carried out of 17 cultivars using 20 RAPD primers. The amplification

fragments per primer ranged from 4 to 17 in 17 cultivars with fragment size range from 0.4 kb to

3 kb (Fig. 1). Polymorphism was found to be highest in ACC31 showing 98.6% polymorphic bands
and lowest in PTS51 showing 35.6%: polymorphic bands (Table 1). Fig. 1 shows the amplification
profiles obtained with two of the primers i.e. OPDO8 (Rp 8.117) and OPCO05 (Rp 6.294) which are
used to amplify segments of genomic DNA from all 17 cultivars. The RAPD profiles were repro-
ducible. and displayed no variation when studied in triplicate per species as well as per primer.

Analvsis of genetic diversity
A relatively high genetic vanation was detected among the turmeric cultivars (Table 3). The
values of genetic similarities ranged from 0.551 between PCTS8 and both PTS55 and TU6. Like-
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wise, high genetic variation ranging from 0.6154 (in between PTS52 and TU6) to 0.9497 (in be-
tween Acc31 and Acc35) (Table 3).

Discussion

Differential rhizome yield

Seventeen promising cultivars of turmeric obtained from OUAT showed significant variation in
their rhizome yield per plant when analysed after 8 months of growth in first harvest. The existing
variation among 17 cultivars quantified through rhizome yield were proved to have genetic basis as
revealed by diversification of DNA amount and differential polymorphism of DNA in different cul-
tivars using RAPD markers.

Diversification in DNA amount

The 4C DNA values were reported for the first time in 17 cultivars of turmeric. Significant dif-
ferences of 4C DNA were recorded between the cultivars showing minimum 4.3 pg to maximum
8.84 pg nuclear DNA content. Such intraspecific variations are in close agreement with the reports
of other workers (Furuta et al. 1975, Price et al. 1980, Das et al. 1998). The constancy in the DNA
amount at the cultivar level in the repeated experiments revealed the stable 4C DNA content in each
cultivar of turmeric. Though all 17 cultivars studied comprised constant chromosome number
(2n=48), the DNA amount differed significantly and the differences in the DNA content depend on
the repetitive DNA amount (Flavell et al. 1977). The variability in the DNA content in different cul-
tivars might be attributed to the loss or addition of many repeats in the genomes through alterations
in the micro- and macro-environment during evolution in the selection of new cultivars (Price et al.
1980, Das et al. 1998). The variability of DNA amount could be attributed to loss or addition of
highly repetitive DNA sequences rather than AT- or GC-rich sequences in a genome (Martel ef al.
1997) which reached a certain level and got stabilized during micro-evolution and gradual selec-
tion.

Differential polymorphism of DNA

The result presented in the present study demonstrated the utility of using RAPD markers to
characterize genetic diversity among 17 promising cultivars of C. longa. Differential polymorphism
was noted in 17 cultivars of turmeric showing variation in percentage of polymorphic bands from
35.6% in PTS51 to 98.6% in Acc31 using 20 primers. The observed high proportion of polymor-
phic loci reveals profound intraspecific variation among the turmeric cultivars. Significant genetic
variations by RAPD markers have also been reported in other species at cultivar level (Colombo er
al. 1998, Das et al. 1998, Huang ef al. 2003). Wide genetic distances determined by Nei’s genetic
distance reveals relatively high genetic variation among 17 cultivars. The considerable polymor-
phism detected in the present study also illustrated genetic diversity among turmeric cultivars of the
same origin as reported among coffee cultivars (Sera ez al. 2003). The observed intraspecific differ-
ences among 17 turmeric cultivars could be ascribed to the fluctuating micro and macro climatic
conditions of habitat. Nei’s analysis of RAPD data also reveals that all turmeric cultivars belonging
to the state of Orissa are genetically more closer than the cultivars (TU6, RH5 and PCTS) originally
belonging to the distant habitat in the state of Bihar. The greater sensitivity of RAPDs obtained in
the result to cultivar diversity may be derived from rapid evolution of non-coding, repetitive DNA
sequences detected by RAPDs. This hypothesis has been corroborated from Plomion et al. (1995).

Thus our results demonstrate that 4C DNA content and RAPD marker provide an effective tool
for detection and evaluation of genetic variation existing among 17 promising cultivars of turmeric.



2006 senetic Vamaton in 17 Cultivars of Turmeric 55

Acknowledgement

The authors are gratetul 10 Dr. Y. Medury, Vice-Chancellor and Brig. Balbir Sing, Registrar of
Jaypee University of Informanon Technology for providing facilities and encouragement through-
out. Financial assistance from DST. New Delhi is gratefully acknowledged.

References

Annonymous 1950. The Wezits of
Bennett, M. D. 1987. Varia
— and Smith, J. B. 1991. Nuclez
Chalmers, K. Y., Newton. A C
nies (Meliaceae) u
Colombo, C., Second. G..
hot esculenta Crant
Das, A. B, Rai, S and Das. F
nale Rosc.). Cyvt
—, Mukherjee, A. K. and
in RAPD markers =
Doyle, J. J. and Doyle. J. J. 1990 Isolzton

Inia oo 201-402. CSIR New Delhi.

~=c form in plants and its ecological implications. New Phytol. 106.

ts in angiosperms. Phil. Trans. Roy. Soc. Land. B334: 309-345.

Powell, W. 1994. Evaluation of the extent of genetic variation in mahoga-
Theor. Appl. Genet. 89: 504-508.

r. A. 1998. Genetic diversity characterization of Cassava cultivars (Mani-
. Genet. Mol. Biol. 21: 69-84.

pe analysis and 4C DNA content in some cultivars of ginger (Zingiber offici-

ilar phylogeny of Heritiera aiton (Sterculiaceae), a tree mangrove: variation
ontent. Bot. J. Linn. Soc. 136: 221-229.
ant DNA from fresh tissue. Focus 12: 13-15.

Frankel, O. H., Brown. A. & D =2 Budon. 1977, The Conservation of Plant Biodiversity. Cambridge University Press,
Cambridge. UK

Flavell, R. B, Rimpau. I. 2nd S=== D 5 1277. Repeated sequence DNA relationships in four cereal genomes. Chromoso-
ma 63: 5-22.

Furuta, Y., Nishikawa. K. znd Mzomo T 1975 Interspecific variation of nuclear DNA content in Aegilops squarrosa L.
Jap. J. Genet. 50: 25743

Huang, H., Layne, D. R_ and Ko<= T L 2003. Molecular characterization of cultivated Pawpaw (4simina triloba) using
RAPD mark J . 128: 85-93.

Martel, E., Denay. D.. St kovlew, S n. S. and Sarr, A. 1997. Genome size variation and basic chromosome num-
ber in pearl 1 g d Pennisetum species. J. Heredity 88: 139-143.

. L. R.and Lloyd, H. L. 1995. DNA profiling technique for plant variety iden-

807-819.

bdivided populations. Proc. Natl. Acad. Sci, USA 70: 3321-3323..

2d Malley, D. M. O. 1995. Genome mapping in pinus pinaster (Maritime pine)

Heredity 74: 661-668.

A svstem of comparing PCR primers applied to ISSR fingerprinting of potato
- 107-112.

L and Riggs, J. 1980. Detection of interspecific variation in nuclear DNa content

Gaz. 141: 195-198.

nd Nienhuis, J. 1999. Variation among and within Capsicum species revealed by

- 99: 147-156.

1 Plants of the World, Chemical Constituents, Traditional and Modern Medic-

- Jersy. pp. 139-153.

L. E. C.. Carvalho, V. P, Rampin, L., Ruas, E. A. and Silveira, S. R. 2003. Ge-

coffea Arabica L. cultivars using RAPD markers associated with restriction di-

Morell, M. K., Peakall. R__ *
tification. A
Nei, M. 1973. Analys
Plomion, C., Bahrman. N
using RAPD
Prevost, A. and Wilkin
cultivars. Th
Price, H. J., Bachman. K_.
in Microseris dos
Rodrigue, J. M., Berke. T.. £
RAPD markers. Theo
Roses, I. A. 1999. Cur
inal Uses. Hum
Sera, A. T., Ruas, P. M., R
netic polymorp
gestion. Genet. Mol. Biol
Schnell, R. J., Ronning. C. M. zn
Mangifera indica L. us
Sharma, A. K. and Sharma. 4 195
Van’t Hof, J. 1965. R
in the root meri
Waugh, R. and Powell. W.
William, J. G. K., Kulelil

_ R_ 1. 1995. Identification of cultivars and validation of genetic relationship in
kers. Theor. Appl. Genet. 90: 269-274.

some Techniques: Theory and Practice. Third edition. Butterworths, London.
otic cycle duration, S period duration and the average rate of DNA synthesis
lants. Exp. Cell Res. 39: 48-58.

\PD markers for crop improvement. Trends in Biotechnology 10: 186—191.
Rafalski, A. and Tingey, S. V. 1990. DNA polymorphism identified by arbitrary
rs. Nucl. Acid. Res. 18: 6531-6535.




