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Abstract 
Turmeric (Curcuma longa L) is an important spice and flavouring agent in 
food item. Molecular diversity was studied within 8 turmeric genotypes 
using Random Amplified Polymorphic (RAPD) primers. Some total of 34 
DNA bands were amplified and among  them 23 were polymorphic bands. 
The range of DNA amplification varied from 80 to 900 bp. The speed of 
polymorphism was obtained about 64.44%. Genetic diversity ranged 
from 0.531 to 0.750 and the frequency of major allele ranged from 0.375 
to 0.625. Nei’s genetic distance varied from 0.0930 to 0.2013. The 
polymorphic information content value ranged from 0.468 to 0.712 with 
the common value was 0.589. The PIC value indicates that the majority of 
the studied turmeric genotypes was highly diversified. The dendogram 
showed two major clusters (A and B) among the studied material. The 
cluster B was further subdivided. The results exposed that the genotypes 
may be separated from one another at the molecular level by taking 
advantage of the RAPD markers. The level of polymorphism within the 
local genotypes of turmeric will help breeders for the improvement of 
turmeric breeding program. 
Key words: RAPD Markers, Molecular Diversity, Turmeric, Polymorphism, 
Breeding Program. 

INTRODUCTION 
Turmeric (Curcuma longa L.) is a vital perennial spice crop well-known as condiment 

and colouring agent belonging to the Zingiberaceae family. It's origenated in South East 

Asia having distinctive chemical and physical properties. Recent data on chromosome 
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counts and flow cytometry-based studies revealed a replacement ploidy status (9x) 

with a basic chromosome number (x = 7) [16].  

The Turmeric rhizome contains most significant substance is curcumin, which 

constitutes 3.14% of powdered turmeric and possesses antioxidant, anti-inflammatory 

[1], anticarcinogenic [12], antimicrobial [14], and antiarthritic [9], hypoglycemic [5] 

[20] activities. It has been used in the Indian and Chinese systems of medicines to treat 

wounds and sprains, and gastrointestinal, pulmonary, and liver disorders [2]. It's high 

nutritional value (per 100gram turmeric) contain pyridoxine (5%), antioxidant (3%), 

magnesium (3%), potassium (4%), calcium (1%) and protein (1%) (Wikipedia). 

Turmeric occupied with a district of about 63549 acres with the puoduction of about 

149985 MT and per acre yield is 2360 kg [7]. Despite the economic and nutritional 

importance of turmeric, breeding efforts during this spice crop has been limited. Due to 

vegetative propagation and flowering complexities, the genetic improvement program 

in turmeric are mostly restricted to clonal selection and induced mutation breeding. 

In crop improvement program, genetic diversity has been considered as a vital rool, 

producing cultivars with increased yields,broad adaptation, desirable quality and pest 

resistance. Furthermore, genetic diversity analysis is employed for estimating and 

establishing of genetic relationship in germplasm, identifying diverse parental 

combinations to form segregating progenies with maximum genetic variability for 

further breeding program. 

Different molecular markers are used for polymorphism study and variety analysis. 

Among them Randomly Amplified Polymorphic DNA (RAPD) technique developed by 

[22] is reliable, faster and easier for exploiting genetic polymorphism within and among 

species and population. RAPD markers are supported the amplification of unknown 

DNA sequences using single, short and random oligonucleotide sequences of arbitrary 

nature as primers [8]. RAPD doesn't need any prior knowledge of DNA sequence, 

however, still reveals a high level of polymorphism. RAPD-PCR is now used as a tool for 

the assessment of genetic variability between genotypes in breeding programs. The aim 

of this work to produce genetic variation and relatedness of turmeric cultivars by PCR 

based RAPD technique and phylogenetic relationship study among the turmeric 

genotypes. 
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MATERIALS AND METHODS 

Experimental location and source material 

The experiment was carried out at the Biotechnology Laboratory of the Department of 

Biotechnology, Sher-e-Bangla Agricultural University (SAU) 1207, Bangladesh. Five 

turmeric genotypes (BARI holud 1, BARI holud 2,  BARI holud 3, BARI holud 4,  BARI 

holud 5) were used for the study which were collected mainly from Spices Research 

Centre,Bangladesh Agricultural Research Institute ,Bogra and three local variety 

(Mohisha,Binni,Patna ) from Bandorban district of Bangladesh.  

DNA Extraction 

Genomic DNA extraction was done in 3 to 4 leaf stage of seedling by using standard 

protocol with phenol- chloroform method. Sterilized young leaves 200 mg  were used to 

extract  DNA. 1% agarose gel was used to visualize the extracted DNA. Approximate 20- 

25 ng of DNA was used as template in PCR reaction. 

RAPD analysis 

Twelve decamer RAPD primers viz. OPA 03, OPB 17, OPBB 09, OPBC 14 , OPBD 12, 

OPBD 18, OPBD 20, OPG 17, OPX10, OPY 17, OPW 05, OPW 10 (Operon Technologies, 

Inc., Alameda, California, USA) were used for PCR reaction on 8 local turmeric 

genotypes for their ability to produce polymorphic band.DNA amplification was 

performed in an thermal cycler ( Q-cycler, Germany). 10 μl reaction mixture containing 

5.0 μl 2X Taq Master Mix, 1.50 μl primers, 2.0 μl sample DNA and 1.5 μl de-ionized water 

(Biobasic, Canada) were used to perform the PCR reaction . RAPD primers were 

amplified under the following PCR reaction conditions:    

Pre denaturation with 950 C for min; de-naturation with 950 C for 45sec, annealing at 

350 C (on the basis of Tm value of primer) for 40 sec, extension at 720 C for 1 min, final 

extension at 720 C for 5 min continuing with 31 cycles and finally stored at 40C. 

Electrophoretic separation of the amplified products 

Running 2.0% agarose gel containing 0.75 µl ethidium bromide in 1x TBE buffer at 90 V 

for 75 minutes was used to confirm PCR product. Loading dye (3.0 µl) was added to the 

PCR products and loaded within the wells. One relative molecular mass markers 100 bp 

(Bio-Basic, Cat. No. M-1070-1, Canada) was loaded on left side of the gel. Under Ultra 



Journal of Global Biosciences             Vol. 9(9), 2020 pp. 7897-7911 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    7900 

Violet (UV) light on a trans-illuminator RAPD bands were observed and documented by 

taking photograph employing a Gel Cam camera 

RAPD Data analysis 

Since RAPD markers are dominant, hence all the DNA band represented the phenotype 

at one allelic locus [22]. The band-size for each markers was scored using the Alpha Ease 

FC 4.0 software. The scores attained using all primers within the RAPD analysis were 

then pooled to form one data matrix. The concise statistics including the amount of 

alleles per locus, major allele frequency, gene diversity and Polymorphism Information 

Content (PIC) values were definited using POWER MARKER version 3.25 [15] , a factor 

data analysis software. The allele frequency data from POWER MARKER was 

accustomed export the info in binary format (presence of allele as “1” and absence of 

allele as “0”) for analysis with NTSYS-PC (Numerical Taxonomy and Multiware Analysis 

System) Version 2.2 software [18]. The unweighted pair grouping method, using 

arithmetic average (UPGMA), was used to determine similarity matrix following Dice 

coefficient with SAHN subprogram.The polymorphism information content (PIC) value 

described by Botstein [4]. 

PIC = 1-∑pi2 

Where pi is the frequency of the ith allele.  

RESULT AND DISCUSSION 

 Significant genetic variation and polymorphisms for characterization of different 

turmeric genotypes were identified through RAPD analysis.The genomic DNA 

extraction of 8 turmeric genotypes was done by using the phenol-chloroform method 

[11]. The results were presented below under the following headings. 

DNA Banding pattern and polymorphism survey of turmeric genotypes 

The RAPD primer OPA 03 produced total two DNA fragments which were ranged from 

150 bp to 300 bp and one band was polymorphic (Figure 1). The primer OPBB 09 was 

able to produce 5 DNA fragments in total and ranged from 200 to 900 bp. Two bands 

out of five bands were polymorphic (Figure 2). The OPBC 14 primer amplified four 

bands where three bands were polymorphic and other was monomorphic which ranged 

from 250 to 600 bp (Figure 3). Four DNA fragments amplification were noticed by the 

primer OPBD 12 in 8 turmeric genotypes which were range from 150 to 850 bp in 
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which three were polymorphic in nature and another band was monomorphic (Figure 

4).  

The RAPD OPBD 18 primer was able to amplify one DNA fragments among all the 

individuals. The DNA fragments produced 180 bp and it was monomorphic in nature 

(Figure 5). Two DNA fragments amplification were noticed by the primer OPBD 20 in 8 

turmeric genotypes which were range from 380 to 600 bp which one band was 

polymorphic in nature. Rest of the band was monomorphic (Figure 6). 

The RAPD primer OPG 17 produced different DNA fragments in different turmeric 

genotypes. It produced total three DNA fragments which were ranged from 280 bp to 

600 bp and all bands were polymorphic (Figure 7). The primer OPW 05 amplified 

among the different turmeric genotypes scored three DNA fragments which ranged 

from 250 to 600 bp (Figure 8). It was noticed that all of them were polymorphic band 

and no monomorphic band was found. The  primer OPX 10 was able to produced three 

DNA fragments in total and ranged from 400 to 600 bp, all of the bands were 

polymorphic (Figure 9).The primer OPZ 01 was able to produce two DNA fragments in 

total which ranged from 400 to 700 bp and one band was polymorphic (Figure 10). 

 Figure 1: PCR amplification with RAPD primer OPA 03 

Figure 2: PCR amplification with RAPD primer OPBB 09 
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  Figure 3: PCR amplification with RAPD primer OPBC 14 

Figure 4 : PCR amplification with RAPD primer OPBD 12 

Figure 5: PCR amplification with RAPD primer OPBD 18 

Figure 6: PCR amplification with RAPD primer OPBD 20 

 Figure 7: PCR amplification with RAPD primer OPG 17 
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    Figure 8: PCR amplification with RAPD primer OPW 05 

  Figure 9: PCR amplification with RAPD primer OPX 10 

Figure 10 : PCR amplification with RAPD primer OPZ 01 

(M=100 bp DNA ladder (Bio-Basic, Canada), Lane 1 = BARI holud-1 , Lane 2 = BARI holud 2, Lane 3 = 

BARI holud 3, Lane 4 = BARI holud  4 , Lane 5 = BARI holud 5, Lane 6 = Mohisha genotype , Lane 7 = Binni 

genotype , Lane 8 = Patna genotype) 

Table 1:  RAPD primers with corresponding banding pattern, polymorphism, gene 

diversity and PIC value of different turmeric genotypes. 

SL. 

No. 

Name 

of 

Primer 

Primer 

Sequence 

(5΄ to 3΄) 

DNA 

Fragment 

Size  

 

Total 

DNA 

Band  

No. of 

Polymorphic 

Band 

% of 

Polymorphism 

(G+C) 

% 

Genetic 

Diversity 

PIC 

Values 

1 OPA 03 AGTCAGCCAC 150- 300 

 

2 1 50.00 60 0.531 0.468 

2 OPBB 

09 

AGGCCGGTCA   200 – 900 5 2 40.00 70 0.750 0.712 

3 OPB 17 AGGGAACGAG 80– 300 3 1 50.0 60 0.594 0.468 

4 OPBC 14 GGTCCGACGA 250 – 600 4 3 75.00 70 0.625 0.555 

5 OPBD 

12 

GGGAACCGTC 150 – 800 4 3 75.00 70 0.531 0.605 

6 OPBD 

18 

ACGCACACTC 180  1 0 0.0 70 0.531 0.468 



Journal of Global Biosciences             Vol. 9(9), 2020 pp. 7897-7911 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    7904 

7 OPBD 

20 

AGGCGGCACA 380 – 600 2 1 50 60 0.656 0.511 

8 OPG 17 GGCGGATAAG 280 – 600 3 3 100 60 0.612 0.544 

9 OPW 05 ACGACCGACA 250 – 600 3 3 100 60 0.656 0.582 

10 OPX 10 CCCTAGACTG 400 – 600 3 3 100 80 0.656 0.582 

11 OPY 11 TCCGGCCGGA 400 – 500 2 2 100 60 0.594 0.511 

12 OPZ 01 CCGACAACC 400 – 700 2 1 50 60 0.625 0.555 

 Total   34 23 773.33  0.750 0.712 

 Average   2.83 1.91 64.44  0.612 0.589 

 

The RAPD primers were evaluated by their suitability for amplification in  the turmeric 

genome.  The primers, which gave minimum smearing, high resolution and maximum 

reproducible and distinct polymorphic amplified bands were selected. The 12 primers 

regenerated total 34 DNA fragments with an average 2.83 band per primer. Twenty 

three DNA fragments were polymorphic out of 34 DNA amplification and the average 

percent of polymorphism was 64.44. The highest (3) number of polymorphic band was 

produced by the primers OPBC 14,OPBD 12,OPG 17,OPX 10,OPY 11 and OPW 05.The  

lowest (1) number of polymorphic band generated by the primer  OPA 03, OPB 17, 

OPBD 20 and OPZ 01.Monomorphic  band was found in the primer OPBD18. Maximum 

100% polymorphism was recorded in the primer OPX 10, OPY 11, OPG 17 and OPW 05. 

Fifty (50%) percent polymorphism was recorded in the primer OPA 03, OPBD 20, and 

OPZ 01. Individual screening of twelve RAPD markers each individual of eight turmeric 

genotypes is presented in Table 1. 

Polymorphic Information Content (PIC) value for 12 markers ranged from 0.468 to 

0.712 and the average PIC value was 0.589. The highest PIC value (0.712) was obtained 

for OPBB 09 and the lowest value PIC value (0.468) was obtained for OPA 03, OPB 17 

and OPBD 18. PIC value revealed that OPBB 09 was considered as the best marker in 

turmeric genotypes followed by OPBD 12, OPW 05, OPX 10 respectively. Gene diversity 

ranged between 0.750 (OPBB 09) to o.531 (OPA O3, OPBD 12 and OPBD 18) with an 

average of 0.612. The results indicate that the 12 local turmeric genotypes showed 

considerable intra-varietal group diversity, and a certain degree of genetic 

differentiation and polymorphism. Polymorphism in turmeric genotypes could be 

attributed to the nature of the genetic material under investigation. The low degree of 
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polymorphism in our study compared to other reports could be due to the less diverse 

material which belonged to same cultivated varieties of turmeric. 

Nei’s genetic distance and genetic identity 

Genetic distance refers to the genetic deviation between species or between populations 

within a species. It is measured by a variety of parameters like Nei's standard genetic 

distance [17]. It give more reliable population trees than other distances particularly for 

DNA data. Similarity indices measure the amount of closeness between two individuals, 

the larger the value the more similarity between two individuals. Genetic distance can 

be used to compare the genetic similarity between different species.The value of pair-

wise comparisons Neis̉ (1972) genetic distance between 8 turmeric genotypes were 

computed from combined data through 12  primers, ranging from 0.0930 to 

0.2013(Table 2). The highest genetic distance 0.2013 was observed in Mohisha vs. 

Patna local genotypes pair whereas lowest value (0.0930) was observed in BARI holud 

1 vs. BARI holud 2. 

Table 2: Summary of Nei's genetic identity (above diagonal) and genetic distance (below 

diagonal) values among 8 turmeric genotypes 

 BARI 

holud 1   

BARI 

holud 2 

BARI 

holud  3 

BARI 

holud  4 

BARI 

holud  5 

Mohisha  Binni  Patna  

BARI holud  1 0 0.0930 0.0964 0.0992 0.1536 0.1932 0.1678 0.1353 

BARI holud  2 0.0930 0 0.1323 0.1343 0.1362 0.2004 0.1535 0.1152 

BARI holud  3 0.0964 0.1323 0 0.0962 0.1565 0.1743 0.1927 0.1648 

BARI holud  4 0.0992 0.1343 0.0962 0 0.1583 0.1991 0.1941 0.1664 

BARI holud  5 0.1536 0.1362 0.1565 0.1583 0 0.1864 0.1398 0.1680 

Mohisha  0.1932 0.2004 0.1743 0.1991 0.1864 0 0.1807 0.2013 

Binni 0.1678 0.1535 0.1927 0.1941 0.1398 0.1807 0 0.1594 

Patna  0.1353 0.1152 0.1648 0.1664 0.1680 0.2013 0.1594 0 
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Cluster analysis 

Dendogram supported Nei’s (1972) genetic distance using Unweighted Pair Group 

Method of Arithmetic Means (UPGMA) indicated the segregation of 8 genotypes of 

turmeric into two main clusters: A and B. The primary major cluster ‘A’ had only 1 

genotype V6 (Mohisha) and therefore the second major cluster ‘B’ had remainder of 

seven genotypes. 

The second major cluster (B) was subdivided into two minor clusters (C and D) within 

which one cluster (C) was subdivided into two minor cluster E and F. within which 

cluster (F) is split into two sub clusters (G and H) .The sub cluster (H) including V1 

(BARI holud 1) and V2 (BARI holud 2). V3 (BARI holud 3) and V4 (BARI holud 4) formed 

in cluster (G). The sub cluster (E) included only 1 local variety V8 (Patna). the 

remainder variety V5 (BARI holud 5) and V7 ( Binni) were grouped cluster (D) (Figure 

11). 

The result indicates that the low or high level genetic distance exists among varieties 

with their same or different origins. Mohisha (V6) vs. Patna (v8) showed highest Nei’s 

genetic distance (0.2013) as they're introduced from different parental origin. On the 

opposite hand, BARI holud 1 vs. BARI holud 2 varietal pair showed lowest genetic 

distance (0.0930) as they're collected from same organization. 
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Figure 11:  UPGMA method based similarity matrix Dendogram of 8 turmeric 

genotypes by RAPD marker with PAST software 

[ V1 = BARI holud 1, V2 = BARI holud 2, V3= BARI holud 3, V4 = BARI holud 4, V5= BARI 

holud 5, V6= Mohisha, V7= Binni and  V8= Patna] 

Simpson genetic diversity of turmeric germplasm 

Diversity of the germplasm was calculated using Simpson diversity index [19] based on 

the allelic variations of RAPD markers. Simpson index, varies from 0 to 1; where 0 

represents no diversity and 1 for maximum diversity. The diversity indexes of turmeric 

germplasm BARI holud 1, BARI holud 2, BARI holud 3, BARI holud 4, BARIholud 5, 

Mohisha, Binni and Patna were 0.89, 0.89, 0.90, 0.90, 0.91, 0.89, 0.90 and 0.89, 

respectively (Fig.12). It indicated that, BARI holud 5 was comparatively more 

diversified followed by BARI holud 3, BARI holud 4, Binni, BARI holud 1, BARI holud 2, 

Mohisha and Patna. 

 

 

 

Figure 12:  Simpson diversity index of turmeric germplasm based on the allelic 

variation of RAPD   markers. 
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DISCUSSION 

Molecular characterization is a selection criteria for breeding technique as they're more 

consistent, reliable and fewer tormented by environmental variations.Variety of 

molecular markers are employed to explore the degree of variation, relationships and 

genetic structure of plant genetic resources. The present study conducted with 12  RAPD 

primers to regenerat total 34 DNA fragments with a median 2.83 per primer among the 

turmeric germplasm. Out of 34 DNA bands, 23 DNA fragments were polymorphic and 

therefore the average percent of polymorphism was 64.44. the chances of polymorphisms 

ranged from 33.33% to 100%. 

Our observation were partially supported by Basak [6] in turmeric where observed total 

51 bands of which 50 were polymorphic with amplification rate of 5.66 per primer, the 

proportion of polymorphic fragments for 9 RAPD primers ranged from 83.3 to 100.0%. 

The evaluation of genetic diversity is crucial for the effective management and 

conservation of accessible genetic variability.Gene diversity ranged between 0.750 to 

o.531 with a median of 0.612. The results indicate that the 12 local turmeric genotypes 

present a high degree of homozygosity and also considerable intra-varietal group 

diversity, and a particular degree of genetic differentiation and polymorphism.Our 

result's partially in step with Basak also work with the identical crop and that they found 

gene diversity was (0.34).The PIC values provide an estimate of discriminating power of a 

marker by taking into consideration not only the quantity of alleles at a locus but also 

relative frequencies of those alleles. Lower PIC values could be results of closely related 

genotypes and the other way around. Senior opined that marker loci with a median 

number of alleles running at equal frequencies will have the very best PIC value [21]. The 

PIC value obtained in present study varied from0.468 to 0.712 with a median 0.589. the 

very best PIC value (0.712) was obtained for OPBB 09 and therefore the lowest value PIC 

value (0.468) was obtained for OPA 03, OPB 17 and OPBD 18. 

Genetic distance refers to the genetic deviation between species or between populations 

within a species. it's measured by a spread of parameters like Nei's standard genetic 

distance. 

The value of pair-wise comparisons Neis̉ (1972) genetic distance between 8 turmeric 

genotypes were computed from combined data through 12 primers, starting from 0.0930 
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to 0.2013 . Our observation were partially supported by Jan et al. in 2011analized Nei's 

genetic diversity of turmeric genotypes ranged from 0.00 to 0.71[13] and Das et al.in 

2011 observed Nei's gene diversity of same crop ranged from 0.23 to 0.36 [10]. 

Dendogram supported Nei’s (1972) genetic distance using Unweighted Pair Group 

Method of Arithmetic Means (UPGMA) indicated the segregation of 8 genotypes of 

turmeric into two main clusters: A and B. the primary major cluster ‘A’ had just one 

genotype V6 (Mohisha) and therefore the second major cluster ‘B’ had remainder of seven 

genotypes. Our observation were partially supported by Adhipathi [3] within the crop of 

turmeric conducted Unweighted Pair-Group Method of Arithmetic Means (UPGMA) 

dendrogram from genetic distance clearly separated the isolates into 4 clusters (I , II, III 

and IV ). Cluster I consisted of two isolates (Cg2TNAU and Cg3TNAU). Cluster II consisted 

of (Cg1TNAU and Cc8TNAU). Cluster III consisted of Cc5TNAU and CcTNAU. All the 

remaining isolates belonged to cluster IV. 
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