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Abstract

Molecular fingerprints of four different species of Curcuma, viz., C. amada, C. caesia, C. longa and C.
zedoaria, found in Tripura were developed using Inter Simple Sequence Repeats. Twenty ISSR
primers generated 116 loci amplified in the range of 200 - 5000 bp with an average of 5.8 alleles
and 1.6 effective alleles per locus. The percentage of polymorphic band was found to be 86.29 with
an average of 5.15 per primer. Based on UPGMA algorithm these four species are placed in two
different clusters that validate the classification based on external and internal morphological
characters. The polymorphic ISSR markers generated from this study will be useful for under-
standing the genetic relationship of different species of the genus Curcuma.
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1. Introduction

The genus Curcuma belonging to the family Zingiberaceae comprises ca. 80 species and shows the widespread
distribution from tropical Asia to Australia and South pacific region [1]. The highest diversity of Curcuma has
been found in India and Thailand and about 40 species are indigenous to India [2]. Different species of Curcuma
have immense medicinal value and have been extensively used in indigenous system of medicine [3]-[6]. It is
now well documented that the position of the spike, presence of coma bract and the color of bract in Curcuma
are the major distinctive traits for delineation of species [7]. However, variation in the position of the spikes and
bract color has also been noted in some species of Curcuma [8]. The state of Tripura situated in the sub Hima-
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layan region of North East India is one of the hotspot of Indo-Burma biodiversity region of the world [9] [10].
Previously three species of Curcuma, viz., Curcuma amada, C. longa (=C. domestica) and C. zedoaria were re-
ported from Tripura [11]. In our recent survey, we have identified another species C. caesia from West Tripura.
To study the evolutionary history of a species knowledge of genetic variation is a prerequisite and it is essential
to characterize the plants genetically in order to have a sustainable conservation programme [12]. DNA based
molecular markers show differences in nucleotide sequence of DNA and are now used as powerful tools in the
field of Plant breeding, Taxonomy, Physiology and Genetic engineering [13]. ISSR markers are technically
simpler than other markers. These markers are mostly dominant except a few which are codominant in nature. In
this technique, unlimited number of primers can be synthesized and the advantage lies in long primer length and
stringent annealing temperature [14]. In higher plants, Inter Simple Sequence Repeat or ISSR markers are
therefore frequently used because they are known to be abundant, very reproducible and highly polymorphic
[14] [15]. Moreover, the ISSR based molecular fingerprinting technique is a good alternative to AFLP when
tested on Curcuma species [16] [17]. Till now, there is no report on the genetic relationship of Curcuma species
grown in diverse habitats of Tripura. An attempt has, therefore, been undertaken for molecular characterization
of four species of wild and cultivated Curcuma grown in the state of Tripura using ISSR markers.

2. Materials and Methods
2.1. Plant Material and DNA Extraction

Rhizomes of four species of Curcuma, viz., C. amada Roxb., C. longa L., C. zedoaria (Christm.) Roscoe and C.
caesia Roxb. found in wild state were collected from different geographical locations of Tripura (Table 1) and
grown in the experimental garden of Department of Botany, Tripura University for experimental purposes. In
addition to these, rhizomes of two populations of cultivated C. longa were also grown in the experimental gar-
den for the present study. Total genomic DNA was extracted according to the manufacturer’s protocol (DNea-
sy® Plant Mini Kit-Qiagen, part n0.69104). DNA concentration was determined using the Nanodrop 2000C
spectrophotometer (Thermo Scientific-USA) and qualitative study was performed in 1.5% Agarose gel.

2.2.ISSR Analysis

For the genetic diversity study of four different Curcuma species, 20 ISSR markers (Sigma Aldrich, India) were
chosen (Table 2). PCR amplification was performed using a mixture of 25 ul containing genomic DNA (30
ng/ul), dNTPs 10mM (Qiagen), 25 mM of MgCl, (Sigma), 10x Taq buffer (Sigma), 10 uM primer and 2.5 Unit
of Taq Polymerase (Sigma). PCR amplification was carried out in a Thermal Cycler (Applied Biosystems, Gene
Amp* PCR System 9700). PCR was performed at an initial temperature of 94°C for 4 minutes for complete de-
naturation. The second step consisted of 44 cycles having three ranges of temperature: 94°C for 1 minutes, 50°C
for 1.30 minutes for primer annealing and 72°C for primer extension, followed by 72°C for 10 minutes. All am-
plified reactions were repeated at least two times for confirmation. The amplified products were visualized using
2% Agarose gel electrophoresis and scanned through a gel documentation system.

2.3. Data Analysis

The amplified fragments obtained from the ISSR profile were scored as binary data (1/0 for the presence or ab-

Table 1. Different species of Curcuma collected from different locations of Tripura.

Species and populations Place of collection Latitude and altitude Herbarium No.
Curcuma amada Suryamaninagar, West Tripura 23°45'39.40"N, 21 m TUH-465
Curcuma longal (Wild) Jampui Hill, North Tripura 24°02'30.21"N, 570 m TUH-457
Curcuma longa2 (Cultivated Pop-I) Madhupur, Sepahijala 23°4328.96"N, 24 m TUH-486
Curcuma longa3 (Cultivated Pop-I11) Suryamaninagar, West Tripura 23°45'23.16"N, 34 m TUH-487
Curcuma caesia Suryamaninagar, West Tripura 23°45'43.13"N, 22 m TUH-485
Curcuma zedoaria Baramura Hill, West Tripura 23°48'41.24"N, 70 m TUH-459
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Table 2. Total number of amplified fragments generated by PCR using ISSR primers.

Primer Code Sequence (5’-3") Total bands Approx. fragment size (bp)
HB12 CACCACCACGC 11 300 - 5000
811 GAGAGAGAGAGAGAGAC 6 200 - 5000
814 CTCTCTCTCTCTCTCTA 6 400 - 5000
844 CTCTCTCTCTCTCTCTAC 5 400 - 2000
825 ACACACACACACACACT 9 300 - 5000
807 AGAGAGAGAGAGAGAGT 8 300 - 5000
872 GATAGATAGATAGATA 6 400 - 5000
P6 CCACCACCACCACCA 6 400 - 5000
UBC 873 GACAGACAGACAGACA 8 200 - 3000
P3 AGAGAGAGAGAGAGAGTG 4 400 - 5000
HB GTGGTGGTGGC 4 700 - 5000
ISSR 2 ACACACACACACACACTA 6 300 - 2000
UBC 864 ATGATGATGATGATGATG 3 400 - 2000
UBC 808 AGAGAGAGAGAGAGAGC 3 400 - 3000
UBC 852 TCTCTCTCTCTCTCTCCGA 4 700 - 2000
816 CACACACACACACACAT 6 400 - 2000
827 ACACACACACACACACCG 6 400 - 2000
809 AGAGAGAGAGAGAGAGG 3 400 - 2000
UBC 842 GAGAGAGAGAGAGAGAYG 7 300 - 2000
UBC 868 GAAGAAGAAGAAGAAGAA 5 300 - 5000
Total =116

sence) of each fragment. Only clear and reproducible bands were taken into account; the intensity of the bands
was not considered. The numbers of polymorphic and monomorphic bands were determined for each primer in
all species studied. Polymorphic Information Content (PIC) was computed using the formula

PIC=1-Y pi®

where pi is the frequency of i" allele at a given locus [18] and Marker Index (MI) was calculated [19]. The
number of observed alleles, mean number of effective alleles [20], Nei’s [21] gene diversity index (H) and
Shannon index [22] were calculated using the POPGENE software [23]. The level of similarity between the spe-
cies was established using DICE’s coefficient [24]. Similarity coefficients were used to construct the dendro-
gram using the SAHN subroutine through the NTSYS pc (Numerical Taxonomy System, 2.21q version) [25].
Further, Principal Coordinate Analysis (PCA) was performed with modules of STAND, CORR and EIGEN of
NTSYS pc using the Euclidean distances with the help of NTSYS pc-2.21q software.

3. Results

Twenty ISSR primers that were used to characterize the genetic diversity among the species yielded 116 frag-
ments with an average of 5.8 alleles and 1.6 effective alleles per locus (Table 3). In the present observation, it
was found that out of the total amplified products, 13 bands were monomorphic and 103 were polymorphic and
these were amplified in the range of 200 - 5000 bp. Maximum number of bands were recorded in HB 12, 825,
UBC 873 and 807. However, the average number of polymorphic bands obtained per primer was 5.15. The per-
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Table 3. Degree of polymorphism and polymorphic information content for ISSR primers in four species of Curcuma.

Primer NSB PB MB PPB PIC Mi
HB12 11 11 - 100 0.37 36.52
811 6 5 1 83.33 0.33 27.54
814 6 5 1 83.33 0.38 31.69
844 5 5 - 100 0.38 38.70
825 9 9 - 100 0.41 41.31
807 8 7 1 87.5 0.32 25.71
872 6 5 1 83.33 0.24 19.60
P6 6 4 2 66.67 0.27 17.87
uBC873 8 8 - 100 0.45 4511
P3 4 3 1 75 0.27 19.96
HB 4 4 - 100 0.49 48.56
ISSR 2 6 6 - 100 0.40 39.85
UBC864 3 2 1 66.67 0.31 20.93
UBC808 3 2 1 66.67 0.29 19.65
UBC852 4 4 - 100 0.40 40.22
816 6 5 1 83.33 0.36 30.09
827 6 5 1 83.33 0.32 27.06
809 3 2 1 66.67 0.19 12.54
UBCB842 7 7 - 100 0.33 32.79
UBC868 5 4 1 80 0.35 28.30
TOTAL 116 103 13 1725.83 6.86 604.00

Avg./Primer 5.8 5.15 86.29 0.34 30.2

NSB: Number of score band, PB: polymorphic bands, MB: monomorphic bands, PPB: Percentage polymorphic band, PIC: average polymorphic in-
formation content for polymorphic bands, MI: marker index = POL (%) X PIC.

centage of ISSR polymorphic bands were found to range from 66.67 - 100, whereas the highest and lowest PIC
values for ISSR primers were recorded in HB (0.49) and 809 (0.19) with an average of 0.34. The MI value on
the other hand, was maximum in HB (48.56) and minimum in 809 (12.54). Screening of genetic diversity at in-
terspecific and intraspecific levels have been done using POPGENE software and the average values of the ob-
served number of alleles (n,), effective number of alleles (n;) Nei’s gene diversity index (h) and the mean
Shannon index (1) were found to be 1.86,1.60, 0.34 and 0.50 respectively (Table 4).

In the present study, genetic relationship among the four species of Curcuma shows two clusters expressed as
UPGMA dendrogram using SAHN Neighbor Joining tree (Figure 1). The coefficients on the X axis represent
the similarity indices of the different species chosen for the study. Based on UPGMA clustering, the genotype of
C. zedoaria and C. caesia belongs to one cluster and that of C. amada and C. longa in a separate cluster. Dice’s
coefficient showed that C. zedoaria and C. caesia were related to each other with a similarity value of 0.6379
whereas the similarity value between C. longa and C. amada was found to be 0.5593 (Table 5). PCA was ana-
lyzed on the basis of ISSR data which shows that the first 3 coordinate components accounted for 38.54%,

23.67% and 18.72% variation (Figure 2).
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Figure 1. Dendrogram representing the genetic variability of Curcuma sp. using
Dice similarity coefficient.

Table 4. Results of polymorphic primers screening in four species of Curcuma.

Locus Na Ne h |
HB12 2.000 (0.00) 1.611 (0.22) 0.369 (0.19) 0.552 (0.10)
811 1.833 (0.37) 1.561 (0.18) 0.324 (0.25) 0.478 (0.09)
814 1.833 (0.40) 1.700 (0.35) 0.380 (0.19) 0.540 (0.10)
844 2.000 (0.00) 1.673 (0.28) 0.388 (0.10) 0.573 (0.09)
825 2.000 (0.00) 1.729 (0.21) 0.414 (0.08) 0.601 (0.09)
807 1.875 (0.35) 1.542 (0.35) 0.320 (0.16) 0.478 (0.08)
872 1.833 (0.40) 1.320 (0.16) 0.231 (0.11) 0.376 (0.08)
P6 1.667 (0.52) 1.464 (0.39) 0.269 (0.22) 0.393 (0.19)
UBC873 2.000 (0.00) 1.848 (0.21) 0.451 (0.07) 0.642 (0.19)
P3 1.750 (0.50) 1.442 (0.41) 0.263 (0.20) 0.399 (0.25)
HB 2.000 (0.00) 1.950 (0.10) 0.486 (0.02) 0.679 (0.25)
ISSR 2 2.000 (0.00) 1.695 (0.25) 0.398 (0.09) 0.584 (0.25)
UBCB864 1.667 (0.58) 1.600 (0.53) 0.315 (0.27) 0.443 (0.25)
UBC808 1.667 (0.58) 1.533 (0.45) 0.296 (0.26) 0.424 (0.25)
UBCB852 2.000 (0.00) 1.696 (0.20) 0.403 (0.08) 0.590 (0.25)
816 1.833 (0.41) 1.664 (0.39) 0.361 (0.19) 0.518 (0.25)
827 1.833 (0.41) 1.562 (0.37) 0.324 (0.18) 0.478 (0.25)
809 1.667 (0.58) 1.256 (0.22) 0.185 (0.16) 0.300 (0.25)
UBC842 2.000 (0.00) 1.503 (0.20) 0.325 (0.08) 0.504 (0.20)
UBC868 1.800 (0.45) 1.640 (0.36) 0.356 (0.20) 0.509 (0.20)
Mean 1.862 (0.32) 1.600 (0.32) 0.342 (0.15) 0.503 (0.20)

na = observed number of alleles; n. = effective number of alleles; h = Nei’s gene diversity; | = Shannon’s information index.
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Figure 2. Principal coordinate analysis (PCA) map for the species of Curcuma.

Table 5. Dice similarity coefficient among the species of Curcuma.

C. amada C. longal C. zedoaria C. caesia C. longa2 C. longa3
C. amada 1.0000
C. longal 0.5593 1.0000
C. zedoaria 0.4248 0.4144 1.0000
C. caesia 0.5854 0.5289 0.6379 1.0000
C. longa2 0.5620 0.9076 0.4386 0.7839 1.0000
C. longa3 0.5128 0.9391 0.4000 0.4667 0.8814 1.0000

4. Discussion

In Tripura so far we have recorded four species of Curcuma and they differ in morphological and anatomical
characters to a certain extent [26]. A priori, key to the species identification in Curcuma was based on external
and internal morphological characters, but relying on morphological characters alone in species delineation has
its limitations. While majority of the morphological characters of C. caesia and C. zedoaria are more or less
similar, the flower color and the internal anatomy of rhizome differs and the cortical zone of the rhizome of C.
caesia shows bluish green color. C. longa is used mostly as an important spice and so, is extensively cultivated
throughout Tripura. However, C. longa was also found in the wild state but remain restricted to the higher alti-
tude of Jampui hills of Tripura. Morphologically C. longa and C. amada are almost similar but their rhizomes
differ in color and odor [11]. The rhizome of C. longa is deep orange yellow in color and that of C. amada is
pale yellow having the aroma of mango. ISSR cluster analyses reveal the presence of two distinct clusters in the
wild and the cultivated Curcuma species studied; cluster I represents C. caesia and C. zedoaria and cluster Il in-
cludes C. longa and C. amada and, the results thus obtained are not in full agreement with previous findings [6]
[16] [17]. The genetic diversity of different species of Curcuma from the North Eastern region of India was also
assessed [6] using ISSR fingerprinting but the formation of an independent cluster of C. caesia alone as was re-
ported could not be ascertained in our present study even after repeated experimental trials. The presence of C.
caesia and C. zedoaria in the same cluster and their similarity indices indicate that they might have arisen from
a common ancestor inspite of their diverse ecological habitats. PCA depicts the variability among the species of
Curcuma and three principal components with Eigen value greater than 1 extracted a cumulative of 80.83% var-
iation. In all the taxa studied, there are sequence specific profiles (Figure 3) and the dendrogram shows that the
genome of each species is not exactly the same. The somatic chromosome number of C. amada (=42) and C.
longa (=63) differs (unpublished) due to the difference in their ploidy level, but differences in somatic chromo-
some number does not affect the similarity indices between the two species as is evident from the experimental
data. Out of the two populations of cultivated C. longa3 (population-11) is genetically closer to that of C. longal
found in the wild state. This resemblance suggests that probably C. longal found in the wild state escaped
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Figure 3. ISSR fingerprints of four species of Curcuma with primer 807, 825, HB12, ISSR2, 827 and
872 respectively M-1kb plus DNA ladder (Qiagen), L1-L6 represents, Curcuma amada, Curcuma
longal, Curcuma longa2, Curcuma longa3 and Curcuma zedoaria and Curcuma caesia.

earlier from the cultivated form. The genetical distance between C. longa2 and C. longa3 may be attributed to
varietal distinction. Taken together, our findings support the taxonomic key to the identification of taxon at spe-
cies level.

5. Conclusion

The molecular profiling of four species of Curcuma validates the conventional taxonomic interpretation. Inters-
pecific and intraspecific variation observed with respect to degree of polymorphism, number of alleles observed,
number of effective alleles, Nei’s gene diversity and Shannon’s information index are all indicators ascertaining
genetic diversity of Curcuma species in Tripura. Thus, ISSR fingerprint can be used not only as an effective pa-
rameter to assess the genetic relationship between the species of Curcuma but also provides additional support
for establishing the taxonomic position of a species.
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