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Introduction
Turmeric (Curcuma longa L.) (2n=3x=63) belonging to the family 

Zingiberaceae is an economically important spice and medicinal plant 
for production of curcumin, oleoresin, essential oil which are used 
in pharmaceutical and cosmetics industries. Traditionally turmeric 
is known as Haldi in India, Besar in Nepal and is under extensive 
cultivation in South Asian countries for medicinal, religious, culinary 
purposes and also as a cosmetic and dye. Dry recovery (curing 
percentage), curcumin and oleoresin contents determine the quality of 
turmeric and high variability has been observed in turmeric germplasm 
with respect to these characters.1 Turmeric powder obtained from 
rhizomes of C. longa is extensively used as a spice, food preservative, 
natural dye in food industry and in cosmetics and drugs.2 Curcuminoid, 
a phenylpropanoid derivative, is a mixture of curcumin (50–60% of 
the curcuminoids), demethoxycurcumin and bisdemethoxycurcumin 
which imparts yellow colour to turmeric.3 The medicinal properties of 
curcuminoids as anti-inflammatory, anti-oxidant, antimutagenic, anti-
diabetic, anti-bacterial, hepatoprotective and expectorant are reported 
extensively. It is also well known in treating conditions ranging 
from arthritis and inflammation to Alzheimer’s disease and cancer.2 
Because of widespread multipurpose use of this medicinal herb in 
pharmacological industry, spice industry and other culinary purpose 
use, quality improvement for enhanced phyto-constituents production 
in turmeric is of great importance in the present context.

Need for crop improvement in turmeric
Although India is a leading producer of turmeric and few high 

yielding cultivars are available in this crop, the average productivity 
and quality are not satisfactory. Major problems are non-availability 
of requisite high yielding genotype, slow multiplication rate, low 
curcumin and essential oil content in available cultivars and loss due 
to disease during cultivation and storage. Crop improvement work in 
turmeric is so far confined mostly to clonal selection by exploiting the 
naturally occurring variations.1 To put the turmeric cultivation as an 
industry, it is therefore essential to develop turmeric genotypes with 
improved drug yielding potential containing enhanced quality and 

quantity of essential oil, high curcumin, high oleoresin and rhizome 
yield. In view of limited scope of turmeric improvement through clonal 
selection, role of plant biotechnology assumes significance in the 
present era. Several practices have already been practiced in turmeric 
for crop improvement viz. hybridization for recombination breeding 
programmes, seedling selections for advancing the clonal selections, 
micropropagations for disease resistant plant material generations, 
microrhizomes production for conservation and exchange of 
germplasm, in vitro pollination for disease resistant breeding.4,5 These 
biotechnological practices were meant to increase the biomass yield 
of turmeric irrespective of phytoconstituents, although some of the 
techniques resulted in increased curcumin content as a consequence. 
Thus, more promising approaches for quality improvements are still 
to be developed for this high value crop to meet the increasing global 
market demand.

Genetic diversity and agroclimate based 
selection for elite genotypes

The nature and magnitude of genetic divergence were estimated 
among sixty-five turmeric (Curcuma longa L.) genotypes using 
Mahalanobis D2-statistics on thirteen agro-morphological quantitative 
traits.6 Mahalanobis’s D2 analysis revealed considerable amount 
of diversity among the Curcuma genotypes. Fresh and dry yield, 
dry recovery and curcumin content did not differ between flowered 
and non-flowered plants7 and thus can be assumed that flowering in 
turmeric would not have any impact on yield and quality. Variation in 
curcumin content of the same variety in different locations was also 
reported.8 This variation in phyto-constituent (curcumin, oleoresin 
and essential oils) of turmeric might be attributed to the difference 
in climate and soil condition of different agroclimatic zones.9 These 
studies suggests that breeding programs for quality improvement in 
turmeric need to be based on the agroclimate and diverse genetic 
backgrounds not on the basis of flowering and non-flowering types. 
Curcumin content has been found to vary depending upon soil organic 
carbon, available nitrogen and manganese.10 The variation in curcumin 
content among the genotypes under similar climatic conditions may 
be due to genetic factors11 indicating that phyto-constituents are 
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Abstract

Turmeric (Curcuma longa L.) is an economically important spice and medicinal 
plant for production of curcuminoids, oleoresin, essential oil which are used in 
pharmaceutical and cosmetics industries. Presence of these contents in turmeric 
determine its quality. Average productivity and quality of turmeric is not satisfactory 
because of the poor genetic materials and non-availability of quality materials. 
Conventional clonal selection takes long time and slow progress to achieve the same 
level of quality improvement than molecular or biotechnological approaches. Use 
of molecular markers, transcriptome sequencing, real time PCR approaches can be 
applied as a supplement to conventional methods of breeding through clonal selection 
and advancing elite genotypes. In this paper, we will discuss in short about the use of 
different approaches developed for quality improvement in turmeric.
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attributes of biosynthetic gene expression pathways under the similar 
agroclimate. These studies suggests that multi locational niche specific 
breeding programs are prerequisite for quality breeding in turmeric.

Despite an ever-growing interest and commercial importance of 
curcumin and Curcuma essential oil, it is still not clear about nature 
and mode of influence by the different soil and environmental factors 
on the production and quality of curcumin, leaf and rhizome essential 
oil of this species. Variation in curcumin, leaf and rhizome oil were 
recorded across different agroclimatic zones.11 The volatile oil content 
was found to be more in C. aromatica than in C. domestica (synonym: 
C. longa).12 Thus, for improving quality of turmeric for curcumin and 
other phyto-constituents, it is necessary to maintain and conserve 
the genetic diversity of turmeric germplasm. It is also suggested that 
identification of elite genotypes of turmeric through agroclimatic zone 
based evaluation of important drug yielding traits is necessary7 before 
going for selection of parental lines for breeding programs in turmeric. 

Correlation and path analysis based selection 
for quality improvement in turmeric

Associations of different independent and dependent traits and 
their cause effect relationship can be estimated by correlation and 
path coefficient analysis. The correlation of yield parameters with 
phytoconstituent content (curcumin, oleoresin, and essential oil) 
of selected turmeric genotypes revealed that leaf area exerted high 
positive significant correlation with yield and phytoconstituent 
content followed by tiller number.13 A positive correlation of curcumin 
concentrations in the seedlings and in the mature rhizomes was also 
found which provides a basis for the selection in the laboratory of 
turmeric plants high in curcumin.14 This suggests that growth and 
yield of turmeric have influence in phytoconstituents and while 
selection of parental lines, it is important to consider the association 
of traits for which selection is to be made. The identified promising 
genotypes could be useful as parental materials in cultivar and variety 
development with enhanced quality traits.

Use of molecular markers for selection of 
elite turmeric genotypes

DNA-based molecular marker techniques, viz., random amplified 
polymorphic DNA (RAPD) and inter simple sequence repeat (ISSR) 
has been most commonly used to assess the genetic diversity in 
turmeric genotypes. The polymorphism using both RAPD and 
ISSR markers demonstrated an extent of 62% correlation between 
the genetic similarity and geographical location.15 Development of 
a robust genomic microsatellite markers displayed varied levels of 
polymorphism. These polymorphic Simple Sequence Repeats (SSR) 
markers would be useful for the population genetic studies and 
germplasm management of turmeric.16 Knowledge on the genetic 
diversity of turmeric from different agro-climatic regions can be 
used to future breeding programs for increased curcumin, oleoresin 
and essential oil production to meet the ever-increasing demand 
of turmeric for industrial and pharmaceutical uses.15 Similarly, 
biochemical markers like protein, isozymes and essential oil content 
etc can be effectively used for in vitro detection of somaclonal variants. 
Over and under expression of proteins can be used to isolate variants 
for selection.17 Harvesting the variability among the genotypes of 
turmeric germ plasms for elite genotype advancement will be made 
easier with the help of molecular markers in breeding programs.18 
used SNP analysis based on the differences in the nucleotide positions 

in the 177, 645,724 and a 4 base indel on the trnK gene obtained using 
three different lengths of 26mer, 30mer and 34mer reverse primers for 
the identification of four Curcuma sp. studied by Xia19 used 5S rRNA 
spacer and chemical fingerprints for quality control and authentication 
of Rhizoma Curcumae, a Chinese medicine used for the removal of 
blood stasis and alleviating pain.

Biotechnological approaches for quality 
improvement in turmeric

Biotechnological approaches like micropropagation, soma clonal 
variation, in vitro conservation, synseed technology, protoplast fusion, 
production of flavor and coloring components and development of 
novel transgenic have great potential in conservation, utilization 
and increasing the production of spices.20 Efficiency of these 
biotechnological approaches for crop improvement is limited to 
propagation, conservation, safe movement and exchange of germplasm 
to create variability. Molecular markers and maps are being generated 
for crop profiling, fingerprinting, identification of duplicates, and 
marker assisted breeding. These marker assisted technologies along 
with these biotechnological propagation approaches has enhanced the 
improvement progress in turmeric.

Somatic embryogenesis has become one of the most desired 
pathways in the regeneration of plants via tissue culture because it 
bypasses the necessity of time-consuming and costly manipulation 
of individual explants, which is a problem with organogenesis. 
Two patterns of somatic embryogenesis are recognized: direct 
embryogenesis, where the embryo develops directly on the explant, 
and indirect embryogenesis, in which the embryo arises from a callus. 
Haploid technology is of significant interest for developmental and 
genetic research, as well as for plant breeding and biotechnology. 
Haploid plants are useful in understanding cellular totipotency 
because they develop from single male or female gametes without 
fertilization.21 Organogenesis and plantlet formation were achieved 
from the callus cultures of turmeric.22,23 also reported plant 
regeneration from leaf callus of turmeric and RAPD analysis of 
regenerated plants showed variation at DNA level. Variants with high 
curcumin content were isolated from tissue cultured plantlets.24 Tissue 
culture techniques are important to generate the planting material free 
of disease pathogen and virus contamination.

Molecular sequencing approaches for quality 
improvement in turmeric

Gaining an understanding on the molecular mechanism 
underlying curcumin biosynthesis will help in improving its content 
and maintaining stability under all conditions of cultivation. The 
candidate genes for enzymes involved in curcuminoid biosynthesis 
has been identified from both the species viz. C. longa and C. 
aromatica. Differentially expressed genes, novel polyketide 
synthases, transcription factors, a large number of informative single-
nucleotide polymorphisms (SNPs), simple sequence repeats (SSRs) 
and microRNA (miRNA) targets as resource for marker development 
in turmeric has been established. The rapid protocol for isolation of 
RNA, which works well with all the tissues of turmeric has been 
given by Ghansal et al.,25 Ghawana et al.26 The remarkable feature of 
that protocol was the success in isolation of RNA with those tissues, 
wherein the most commonly used methods failed because of the 
secondary metabolites. Isolated RNA from this protocol is amenable 
to downstream applications such as reverse transcription-polymerase 
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chain reaction (RT-PCR), differential display (DD), suppression 
subtractive hybridization (SSH) library construction, and northern 
hybridization.26

Studies in the past have indicated that curcumin content varies within 
accessions of C. longa3 and from place to place due to the influence 
of environment and agro-climatic conditions7,9 which is a major 
concern of the spice industry. This observed difference in curcumin 
content is mainly due to the differential expression levels of genes 
encoding important enzymes of the pathway.27 Thus, an understanding 
of the genes involved in the biosynthesis of curcuminoids is of great 
significance. The transcriptome of rhizome of C. longa has already 
been sequenced using Illumina platform to reveal the novel transcripts 
related to anti-cancer and anti-malarial terpenoids.28 However, study 
of molecular mechanism underlying curcuminoid metabolism in 
turmeric, especially with respect to the full set of genes involved in 
this pathway and transcription factors regulating these genes, is of 
major significance. Mining of genes of the biosynthetic pathway 
has been done in several crops, and next-generation sequencing 
(NGS) has emerged as a cost-effective method for the detection and 
quantification of genes and low-abundant transcripts involved in 
specific biological processes.29 A study on multiple curcumin synthase 
pathways has identified and characterized three type III polyketide 
synthases, named CURS1, CURS2 and CURS3, that are capable of 
curcuminoid synthesis.30 These findings thus revealed the curcumin 
biosynthetic route in turmeric, in which diketide-CoA synthase (DCS) 
synthesizes feruloyldiketide-CoA, and CURS1 then converts the 
diketide-CoA esters into a curcuminoid scaffold, CURS2 synthesizes 
curcumin or demethoxycurcumin and CURS3 synthesizes curcumin, 
bisdemethoxycurcumin and demethoxycurcumin. The availability of 
the substrates and the expression levels of the three different enzymes 
capable of curcuminoid synthesis with different substrate specificities 
might influence the composition of curcuminoids in the turmeric and 
in different cultivars. Based on the transcriptome sequencing, type III 
polyketide synthase enzymes viz. curcumin synthases (CURS) and 
DCS have been identified and their role in curcumin synthesis has 
been validated through reverse transcriptase real time Polymerase 
Chain Reaction (RT-PCR).30 While evaluating the dynamic expression 
patterns, 14 unigenes were upregulated in C. longa. These upregulated 
genes possess potential roles in curcuminoid biosynthetic pathway 
namely pal, c4h, 4cl, hct, c3h, comt, dcs, curs1, curs2 and curs3, 
one transcription factor (wrky), and two novel polyketide synthases 
(clpks1 and clpks2) with the exception of a transcription fctaor, myb4 
(Sheeja, Deepa, Santhi, & Sasikumar, 2015). From those studies, it 
can be said that enhanced expression of polyketide synthase genes 
in C. longa are major contributing factors towards curcuminoids 
biosynthesis pathway and hence improvement in such gene expression 
can be achieved either by selection for such conserved expression 
genes family or by manipulating the gene expression pattern for such 
genes.18 Used sequence analysis of Chinese and Japanese Curcuma 
drugs on the 18S rRNA gene and trnK gene and its application 
based on amplification refractory mutation system analysis for their 
identification and authentication.31,32

Conclusion
Turmeric is rich in secondary metabolites or phyto-constituents 

such as curcuminoids, oleoresin and essential oil which are largely 
responsible for its pharmacological activities. Turmeric improvement 
through conventional clonal selection has less significance as compared 
to other molecular approaches for quality improvement because of 
the long time taking and slow progress nature of the former. Efforts 

have been made in biotechnology including hybridization, protoplast 
fusion, somaclonal variations and transgenic development to get the 
promising results in breeding program. Molecular approaches like 
marker assisted selection, molecular sequencing, gene identification, 
cloning and profiling have also been practiced for breeding purpose. 
These approaches involve less time taking and cost effective measures 
although requires sophisticated technology and technical skill. 
Thus, knowledge based on gene expression analysis, transcriptome 
sequencing, marker assisted selection and quantitative traits statistics 
can be applied in breeding programs for advancing the elite genotypes 
and improving phyto-constituents in turmeric genotypes.33 
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