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ABSTRACT - Turmeric(Curcuma longa L.Js a vegetatively-mpagated aop which is used as a natural dye in the food inqustr

and also pesents many biological active compoundsnieric conventional lereding is difficult and often limited to germplasm
selection. The aim of this study was to evaluate the genetic divergence among turmeric accessions available in Brazil using seven
morpho-agonomical descriptors. Overall genetic digence was loyalthough some divgent genotypes weidentified. Four

main groups of genotypes were identified and could be further used in breeding programs. Canonical variable analysis suggested
that some descriptors were more important to discriminate accessions and also that one of the descriptors could be discarded. The
results provided useful insights for better management of the germplasm collection, optimizing conservational and breeding efforts.
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INTRODUCTION 2000). Its bright yellow color is due to the presence of
curcumin pigment, which is also a powerful antioxidant,
Curcuma longd.., commonly known as turmeric, is anti-parasitic, antispasmodic, anti-inflammatory and
a tropical perennial herb belonging to the familyanticarcinogenic compound (Sasikumar 2005, Ravindran
Zingiberaceae. Commonly used as a spice and natwhl. 2007). Consequentturmeric shows a great potential
food dye, it is mainly cultivated in Southe@sta and for the development of new cosmetics and drugs.
India appears as thedgst producer and exportbr Brazil, Turmeric is a cross-pollinated, triploid species (2n =
the crop is mainly cultivated by small farmers in the Statéx = 63), which can be vegetatively-propagated using its
of Goias, near Mara Rosa citilowever due to the underground rizhomes (Sasikumar 2005). Since hybridization
increasing demand f@. longaderived products, the crop is ineffective in most cases, genetic improvement is often
may expand over new areas. limited to germplasm selection and mutation breeding
Commonly used as a spice and natural food dyéRavindran et al. 2007Yiable seed sets can be obtained
turmeric powder is obtained froth longarhizomes which, under certain conditions, which enables recombination
after drying and processing, results in a bright yellowreeding through hybridization and open-pollinated
powder valued as a natural food dye (Cecilio-Filho et gbrogeny selection (Sasikumar 2005). Recentiyer
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alternatives have been successfully employed such ?@@Ie 1 List of Curcuma longaaccessions studied and their origin

somaclonal variations, mutation breeding, induction df Bré2!

polyploidy and genetic engineering (Shirgurkar et al. 2006). 1D Accession State! City
Because germplasm collections represents the main

2

S . A 1 0424MG MG N/A
source of variability for turmeric genetic improvement, MR GO Mara Rosa
efforts to characterize these collections have been specially 3 MR2 GO Mara Rosa
conducted in India, where the crop is economically important 4 MR3 GO Mara Rosa
and most of the genetic diversity is found (Chandra etal. 5 MGSN MG N/A
1997, lynrah et al. 1998, Singh et al. 2003, Chaudhary etal. © MR4 GO Mara Rosa
2006). In Brazil, the largest turmeric collection is maintained ; ﬁﬁz 88 ﬁ:ﬁz igzz
by the Departr_nem of Genetics of_ the_ University of S&o 9 SR GO Santa Rosa
Paulo, located in Piracicaba (SP). Pinheiro et al. (2003) were | MR9 GO Mara Rosa
the first to evaluate the genetic diversity of this collection 1 IAC22 SP Campinas
using random amplified polymorphic DNA markers (RAPD) 12 LVR MG Lavras
to screen 20 accessions. The genetic divergence amongl3 MRI10 GO Mara Rosa
these accessions was later estimated in field experiments!4 MRI11 GO Mara Rosa
by Cintra et al. (2005As a result, both studies found a 1> RUB GO Rubiataba
low genetic variability in the collection, suggesting that }g Ml\él;/}i‘ 181((); Mar;%fsa
the introduction of new accessions should be a priority ¢ MR14 GO Mara Rosa
After the inclusion of more genotypes, Sigrist et al. (2009), 19 M22-B SP Campinas
using microsatellite markers (SSR), indicated a slight g HENR GO Goiania
increase in variabilityHowevey most of the new genotypes > MR15 GO Mara Rosa
had not been evaluated under field conditions to date. 22 MR16 GO Mara Rosa

Since knowledge of the genetic variation in the 23 MR17 GO Mara Rosa
turmeric germplasm is essential to optimize the exploitation 24 IBI SP Ibitinga
of genetic resources, the present study intended to estimate’ MRI8 GO Mara Rosa
the_ genetic divergence among 32_turmeric acces_sions,27 IACBSES :i (?aontll;ciit;s
yvh|ch represents most of the diversity currently available 28 MR19 GO Mara Rosa
in Brazil. 29 Gol GO N/A

30 MG MG N/A
MATERIAL AND METHODS 31 1AC7 SP Campinas
32 TAC6(+) SP Campinas

Curcuma longagenotypes were obtained from the
Department of Genetics of the University of Sdo Paulo
(USP — ESALQ). Field experiments were performed atthe A multivariate analysis was performed, applying the
same time (Novembg2007 until July2008) in two diferent  techniques of clustering and of canonical variables. In all
locations. The first experiment was held in Piracicaba, Sihalysis, data from both locations were combined to obtain
(lat 2245’ S, long 4738’ W) and the second in Monte means, variance and covariance matrices. Clustering was
Alegre do Sul, SP (lat 223’ S, long 4637’ W). Third-two  performed using Mahalanobis’ generalized distance as a
accessions from the States of Goias, Sdo Paulo and Mimagasure of dissimilarity and genotype groupings were
Gerais (Bble 1) were arranged in a complete randomizeabtained using the UPGMA method. For comparison, the
blocks design with five repetitions. In each block, rhizomesocher optimization algorithm was also used to obtain
of the same size were planted, since this character is knognoups (Rao 1952).
to influence productivity (Maia et al. 1995, Hossaim et al. In the analysis of canonical variables, the genetic
2005). Experimental plots were represented by two rows divergence was evidenced by the graphic dispersion of
five meters; with rows spaced 0.5 m and plants 0.2 m apdtte accessions in relation to the first and second canonical
The following descriptors were evaluated: plant heightariables, which represents most of the variation observed.
tiller number number of heads, weight of heads, numbeFhe relative importance of each canonical variable and of
of fingers, weight of fingers and total weight. the descriptors in the prediction of genetic divergence
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was also estimated, following Cruz and Regazzi (2@0l1). indicated as divergent using RAPD markers (Pinheiro et
statistical analyses were performed using the softwaaé 2003).

Genes (Cruz 2001). The only accession that appears as highly
divergent in all characterization studies conducted so far
RESULTSAND DISCUSSION is IAC6(+), which has also been evidenced by molecular

markers (Sigrist et al. 2009). This genotype was developed
Estimations of the genetic divergence, using through clonal selection and is characterized by high levels
multivariate analysis of both clustering (UPGMA) andbf curcumin content, which is an important characteristic
optimization (bcher) methods, shows a pattern of foufor turmeric breeding. This is the only breeding method
main groups: I) comprising most accessions, with genotyppsrformed in Brazil to date and, according to the results;
MR2, SR and MGSN being the most divergent; II) MR1%his accession might be regarded as a promising material
and GOI; Ill) IBI; 1V) IAC6(+) (Figure 1)Although the for future breeding programs.
relative position of a few genotypes are slightly different  In the canonical variable analysis, the eigenvalue
under both methods, overall correspondence amoegtimates corresponding to the two first canonical variables
hierarchical and optimization clusters indicates that theseplained 84.61% of the total variatioraple 2).This high
main groups are well corroborated. Dendrogsaraphenetic  value indicates that the two-dimensional graphical
value was 0.74, demonstrating a good correspondenepresentation is ap-propriate for viewing the relationship
between the raw data and the original matrix. among groups and among accessions within the groups,
The first outcome of the dendrogram is that thallowing to describe the genetic divergence among
genetic divergence is not related to the origin of thaccessionfCruz and Regazzi 2001) (Figure 2). This analysis
accessions and thus, the variability is not spatially structurpdesented some slightly different results from clustering
(i.e. group | comprised genotypes fronfelient $ates)A  methods, with th@ocher groupings dispersed and not so
similar result was found by Pinheiro et al. (2003) and Sigristearly defined. Howeverin spite of the observed
et al. (2009) using molecular markers, where most of tltkscrepancies among the methodology analyzed, it was
genetic variation was found to be within States. Indeegpssible to recognize dissimilar genotypes (i.e. IAC6+).
this lack of spatial structure was expected, since the crop The relative contributions of descriptors to the
introduction in Brazil is relatively recent (Pinheiro et algenetic divergence of the 32 turmeric accessions are also
2003). described iffable 2According to Cruz and Regazzi (2001),
All accessions used in the present study were alsioe module of the highest scores in the first 2 canonical
tested by Sigrist et al. (2009) using simple sequence repeatiables, which are responsible for most of the variation,
markers (SSR). Comparing both results, it is possible toay indicate which descriptors are important to discriminate
conclude that the morpho-agronomical evaluation alloweatcessions. In the first canonical variable, descriptors
a better partition of the accessions in groups. For examplegight of fingers, number of fingers and total weight
most of the genotypes evaluated here were placed withiresented the highest scores and in the second canonical
one large group determined using SSR markers. Thiariable the mostimportant descriptors were tiller number
information strengthens the need for a wide variety odnd number of heads. In the same way as other studies,
approaches to fully characterize the genetic resouraksgV these characteristics can be regarded as the most important
2001). to discriminate turmeric accessions (Linrah et al. 1998,
Another important consequence of the dendrogra@handra et al. 1997, Singh et al. 2003). On the other hand,
is that most accessions collected in Mara Rosa have a I@intra et al. (2005) suggested that these descriptors
genetic divergence, suggesting that farmers may be ustogether contributed to only 16.52 % of the evaluation of
a mixture of similar clones. This shortcoming was alsgenetic divegence.According to these authors, most
observed by Pinheiro et al. (2003) and Cintra et al. (200%yportant were the curcumin content and the total dry
who suggested that this low genetic variability might beveight. Considering that these descriptors are important
limiting the yield potential of the largest producing regiorior turmeric breeding (Sasikumar 2005) they should be
in Brazil. Howevey it was possible to identify some evaluated in further studies.
divergent accessions within the Mara Rosa region: MR2,  In addition, canonical variable analysis may also
MR19, SR and GOAmong these, accession SR was alsmdicate which descriptors could be discarded, facilitating
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Figure 1. Dendrogram representing the genetic divergence among turmeric accessions (UPGMA). Roman numerals indicate the four

main groups. For comparison, the groupings accordingother optimization algorithm are represented as follows: group 1 (no symbol),
group 2 (*), group 3} and group 4 (underlined). For accession identification, Tedute 1.

Table 2. Canonical variables obtained from the analysis of seven descriptors transformed using pivotal condensation

Canonical Root Accumulated Importance of the descriptors* in each canonical variable
variable (%) variance (%) X1 X2 X3 X4 X5 X6 X7
VCl1 74.10 74.10 0.215 0.206 0.244 0.339 0.422 0.530 0.520
vC2 10.51 84.61 0.018 0.822 0.372 0.166 0067 0.332 0.209
VC3 7.50 92.11 0.726 0.297 0.418 0.216 0.367 0.158 0.056
VC4 4.66 96.77 0.435 0.413 0.382 0.556 0.348 0.251 0.024
VCs 2.74 99.52 0.486 0.136 0.180 0.316 0.673 0.263 0.304
VCé6 0.47 100 0.005 0.075 0.670 0.587 0.330 0.303 0.055
vC7 0 100 0 0 0 -0.237 0 -0.599 0.766

* X,= Plant height; X,= tiller number; X,= Number of heads; X,= Weight of heads; X;= Number of fingers; X;= Weight of fingers; X,= Total weight.
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Figure 2. Graphic dispersion of the accessions considering the first two canonical variables (CV1 andalidB)of the variation percentages
obtained for each canonical variable are indicated in brackets. See table 1 for accession identification.

field evaluations. Ifable 2, it is possible to verify that the genotypes would be sufficient to represent the genetic
last canonical variable still presents scores different fromariability within and between accessions of the collection.
zero. This suggests that the descriptors weight of fingetdpwever it should be emphasized that other important
weight of heads and total weight are strongly correlatetkscriptors still need to be evaluated before these pools
and thus, one of them could be discarded (i.e. descriptmre made Another interesting way to preserve the
weight of heads). Considering that the turmeric collectiomaterials is in vitro propagation, which may also allow
is maintainedh vivoand that most materials are geneticallfinding useful somaclonal variations (Prathanturarug et
similar, it should be possible to compose a mixed sampé. 2003).

of highly related accessions, aiding to decrease the costs Considering that turmeric variability in Brazil is low
of the collection management. Comparing the genetand that crop improvement is usually limited to germplasm
divergence obtained using molecular end morphgelection, the introducion and evaluation of new genotypes
agronomical markers, maybe four or five pools ofs a priority to develop novel, better adapted materials. In
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this case, the introduction of genotypes from India can Ipeotoplast fusion and genetic transformation via particle
an important source of genetic variation. Besides clonebmbardment (Salvi et al. 2002, Shirgurkar et al. 2006).
selection, hybridization and seed formation in turmeric has

also been achieved in India (Sasikumar 2005) and thusAikNOWLEDGEMENTS

should be attempted in Brazil. Since most vegetative-

propagated crops are highly heterozygous, hybridization =~ M.S.S. is grateful for the grant from Fundacao de
could greatly enhance the genetic variability of the cromparo a Pesquisa do Estado de Sédo PadlPESP).
Other recently developed approaches should also beTdss study was also supported by funding frofPESP
useful, such as the induction of genetically distinct shoot§roject # 07/02895-4).

Divergéncia genética entre acessos brasileiros de carcuma
utilizando descritores morfo-agronomicos

RESUMO - A curcuma(Curcuma longa L.§ uma planta propagada vegetativamente que, além de ser utilizada como corante
natural pela industria alimenticia, apresenta diversos compostos biologicamente ativos. O melhoramento convencional da cultura

é dificil, sendo usualmente limitado a sele¢éo de germoplasma. O presente estudo avaliou a divergéncia genética entre 0s acessos
de curcuma disponiveis no Brasil, utilizando sete descritores morfo-agrondmicos. Foi verificada uma pequena divergéncia entre os
acessos, embora alguns genadtipos discrepantes pudessem ser identificados. Os acessos foram alocados em quatro agrupamentos
principais, a serem considerados em futuros programas de melhoramento. A andlise por variaveis canénicas indicou que alguns
descritores colaboraram mais na discriminagéo dos acessos, enquanto que outros podem ser descartados. Os resultados fornecem
subsidios importantes para o melhor uso e conservagéo da colegéo.

Palavras-chave:Curcuma longaplanta medicinal, corante natural, recursos genéticos, anélise multivariada
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