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Abstract: Turmeric is one of the important spice crops in India and plays a vital role in the Indian economy. Molecular markers based
characterization of curcuma species may contribute to analyze taxonomic relationship and intraspecific diversity of the genus. Among
molecular markers Random amplified polymorphic DNA (RAPD) analysis is the simplest and least laborious method and has been used
to estimate the genetic distance and diversity in awide range of plant especially at the sub-species and cultivar level. The objective of this
study was to assess the genetic diversity among 18 popular cultivated genotypes of turmeric, using RAPD markers. The RAPD PCR was
performed by using a set of four series of primers namely OPA, OPC, OPD and OPN. The data were analyzed for calculation of various
parameters like number of loci, number of polymorphic loci, polymorphism (%), polymorphism information content (PIC) and
molecular index (MI)Out of 40 RAPD primers 15 primers which gave scorable banding pattern were used for analysis of all the samples.
The amplicons ranged between 80 bp to 2.8 Kb in size. Amplicon number per primer ranged from 15 (OPC 07) to 30 (OPA 18) with an
average of 21.4. Polymorphism also varies in different genotype of turmeric with a maximum of thirty bands for the primer OPA 18 and
a minimum of eleven bands in both the primers OPD 07 & 18 with a mean of 19.06. PIC values for RAPD primers varied from
0.71(OPD-08) to 0.96(OPA-18) whereas marker indices ranged between 56.3(OPD-18) to 96.0(0OPA-18). Based on UPGMA clustering
firom RAPD, the genotypes were grouped into two major clusters at a similarity index value of 0.48. Pair-wise estimates of coefficient
similarity for 18 genotypes ranged from 0.40 to 0.85.
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established. (Diwan., et al 1997, Prasad et al, 2000,
Zhebentyayeva., 2003, belajet al., 2003, Awasthi., et al
2004, Sharma et al, 2008 and Ranganet al, 2008).15
Species of Curcuma were grouped into seven clusters based
on morphological characters using ISSR markers by
Syamkumarer al (2007).AFLP analysis provides a high
resolution for the detection of genetic diversity and
structures between and with species of curcuma was studied
by Das et al, (2011). Among molecular techniques, one
most progressively more used marker is RAPD markers due
to its simplicity and low cost. RAPD analysis has been used
to estimate the genetic distance and diversity in awide range
of plants especially at the sub-species and cultivar level.
(William et al., 1990, Rathnaparkheet al.,1995,Shasanyet
al., 2002, Ficoet al.,2003, nayaket al., 2005 and Saritnumet
al., 2005). The objective of this study was to assess the
genetic diversity among 18 popular cultivated varieties of
turmeric, using RAPD markers.

1. Introduction

Turmeric is one of the important spice crops in India and
plays a vital role in the national economy .India is the largest
producer and exporter of turmeric in the world and accounts
for more than 50% of the world trade (Philip,
1983).Turmeric is a major constituent in curry and is also
used in a variety of industrialized products such as sauces,
gravies, mustards, dry seasoning, baking mixes, processed
cheese, fry soups, beverages and confection (Sasikumar,
2005 ).Current research has focused on Turmeric’s
antioxidant, anti-inflammatory, hepato-reprotective, anti-
tumor, anti-carcinogenic and anti-microbial properties, in
addition to its use in cardiovascular disease and
gastrointestinal disorders (Ammon and Wahl, 1991, Kisoet
al., 1983).The knowledge of genetic diversity is a pre
requisite to study the evolutionary history of a species,as
well as for other studies like intraspecific variations, genetic
resources conservation, etc. (Islam et al., 2007).Genetic
diversity is commonly measured by genetic distance or
genetic similarity, both of which imply that there are either
differences or similarities at the genetic level (Weir, 1990).
Molecular Marker based Genetic Diversity Analysis

2. Materials and Methods

2.1 Plant Material

(MMGDA) also has potential for assessing changes in
genetic diversity over time and space (Duwick,1984).Thus,
molecular markers based characterization of curcuma
species may contribute to analyze taxonomic relationship
and intraspecific diversity of the genus. Further, the study
will be useful for planning strategies for their conservation
and optimal utilization. The usefulness of molecular markers
in genetic diversity studies has been convincingly

In the present study eighteen popular cultivated genotypes of
turmeric were collected and maintained from Turmeric
Research Center, Kammerpally, Nizamabad,Telengana
State, India for studying the genetic diversity .The sampling
was done from February 2013 to September 2013. The
research work conducted at University College of Science,
Saifabad, Osmania University, Telangana state in India.
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2.2 DNA isolation

Fully opened fresh tender leaves of the 18 popular Turmeric
varieties were used for the isolation of DNA. The genomic
DNA was isolated by CTAB method (Doyle and Doyle,
1987)with minor changes. The extraction buffer contains 2%
CTAB, 1.5 M Nacl, 100mMTris, 20mM EDTA and 0.1%
mercaptoethnol. The quantity and quality of the extracted
DNA was confirmed to be consistent both spectro-
photometrically and by running the extracted DNA on 0.8%
agarose gels stained with ethidium bromide.

2.3 RAPD analysis

PCR amplification of the genomic DNA was -carried
outusing RAPD PCR performed by using a set of four series
of primers namely OPA,OPC,OPD and OPN (Operon tech,
USA).The reaction mixture of 25 pl contained 50ng/ul of
template DNA 1X assay buffer (100mM Tris sulfonic acid,
pH 8.8, 15mM Mgcl2,500 mMKel, and 0.1% gelatin) 0.2
mM each dNTPs (B Genei, India ), 5 pmol of each primer
and 1 U of Taq polymerase. The reaction was performed in
0.2 ml microfuge tubes.PCR amplification was carried out in
a mini thermal cycler (Applied Bio systems 9700). Thermal
cycling conditions were as follows. Pre-denaturing step of 5
min at 94°C, followed by 35 cycles each of 45 s at 94°C,
annealing for 1 min at 32°C, extension for 1 min at 72°C
and followed by one final extension cycle of 7 min at
72°C.The amplification products were electrophored in 2%
agarose gel in 0.5x TBE (10X stock contained 0.8 M Tris,
0.8 Mboric acid, 0.5 M EDTA). The gels were photographed
under a UV transliuminator. All the amplifications were
performed more than thricefor each sample /primer
combination and only those primers giving reproducible
patterns were used for scoring.

Numerical analysis of PCR data: The banding pattern of
each strain was coded in binary form, 1 representing the
presence and O the absence of each band. The data were
analyzed for calculation of various parameters like number
of loci, number of polymorphic loci, polymorphism (%),
polymorphism information content (PIC)Table (2). The PIC
values were calculated based on the following formula

n
PIC= 1-¥ Fj2

i=1
WherePij = frequency of the jth pattern of the ith band.
Alternatively, PIC was calculated using online PIC
calculator software

(http://www.genomics.liv.ac.uk/animal/Picl.html).

Dendrograms were generated within the SAHN program of
NTSYS-pc (Exeter Software, Setauket, NY) using the
unweighted pair-group method with arithmetic averages
(UPGMA) method. Similarity matrices were calculated
using Dice coefficient with the SIMQUAL program.

3. Results and Discussion

Cultivated varieties of turmeric are the result of several
thousands of years of human selection from the available
genetic diversity in various natural environments and human
cultures. Modern breeding in the last century has done little

more than to control the process of hybridization and
selection in a more efficient way and the result has been to
adapt varieties to better controlled and fertilized
environments.

The extent of genetic diversity among the genetic materials
has been estimated by adopting various methods over a
period of time using a wider range of simply and complexly
inherited traits. Though morphological and isozyme markers
have been employed in assessing the underlying genetic
diversity of a species, the accuracy of the assessment is
questionable. The availability of low number of
morphological and biochemical markers, their poor or
unknown genetic control, environmental influence on the
phenotypic expression, stage specific identification and
procedural difficulties are known impediments in using
these as genetic markers in genetic diversity analysis.
Considering the problems associated with morphological
and isozyme markers, the researches involved in diversity
analysis searched for the alternative tools. Among the tools
identified, usage of RAPD markers attained a wider range
not only in turmeric but also in every living organism.
RAPD markers generated at DNA level are known for their
technical simplicity and high throughput (Williams et al.,
1990, Welsch & McClelland, 1990).

In the present investigation, RAPD markers were employed
to assess the genetic diversity among 18 genotypes of
turmeric (Table-1). The employment of RAPD markers in
genetic diversity analysis helped in grouping the genotypes
according to their morphological characters like rhizome
size (8-12 cm), color(Yellow mixed Red) and dry yield
(Clusters A&B). The RAPD markers gave more clusters
with fewer genotypes in each cluster, indicating more
variation within each cluster.When more clusters are
obtained with fewer genotypes in each, the lower
significance inclustering is because of the smaller
differences and smaller sample sizes for each cluster.The
genetic diversity among the 18 popular cultivated turmeric
genotypes were evaluated by 40 selected RAPD primers.
Initially, 40 primers from four series of (OPA,OPC, OPD
and OPN) RAPD primers were screened with a subset of
samples. 15 primers which gave scorable banding pattern
were used for analysis of all the samples. The amplicons
ranged between 80bp to 2.8 Kbin size. Amplicon number
per primer ranged from 15 (OPC 07) to 30 (OPA 18) with an
average of 21.4. Polymorphism also varies in different
genotype of curcuma with a maximum of thirty bands for
the primer OPA 18 and a minimum of eleven bands in both
the primers OPD 07&18 with a mean of 19.1 (Table.2).
RAPD profile of eighteen popular cultivated Turmeric
genotypes analyzed showed the polymorphic index value of
87.74%across all the genotypes examined in the current
study. The details of Primers, amplification products,
polymorphic fragments generated, PIC and MI values for
each primer were showed in Table -2. PIC values for RAPD
primers varied from 0.71(OPD-08) to 0.96(OPA-18)
whereas marker indices ranged between56.3(OPD-18) to
96.0(OPA-18).

Figure 1 depicts a representative electrophoretic pattern of
RAPD-PCR amplified products from Turmeric. As seen in
the figure, majority of amplification products are in the form
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of strong and well-defined bands in the range of 80bp to 2.5
kb. The electrophoretic profile with this primer is highly
distinct and polymorphic.

The genetic relationships among eighteen genotypes of
Turmeric were analyzed by 15 RAPD primers on the basis
of Dice genetic distance. Resulting clusters were expressed
as UPGMA dendrogram constructed using SHAN
neighbor-joining tree separately for each molecular marker
used. The coefficients on the x-axis represent the similarity
indices (DICE) of the different genotypes chosen for the
study. Based on UPGMA clustering algorithm from RAPD,
the genotypes were grouped into two major clusters at a
similarity index value of 0.48(fig.2 )UPGMA cluster can be
divided into two major clusters A and B at 0.48 similarity
levels.

Clusters A had eight genotypes. Cluster A showed a high
level of genetic variation among the genotypes and was
further sub-divided into two sub-clusters. The sub cluster Al
showed a 51% similarity level with the sub cluster A2
genotypes. Sub cluster Al had four genotypes (PTB,EGT,
TGT and MNP) While sub cluster A2 also contained four
genotypes (SHL,KTA,TDP and ARM).Sub clusters Al and
A2 both were further sub-divided into two cluster and both
were showing 59% similarity level and each sub cluster
comprised of two genotypes. All of them belonged to the
high yielding cultivated genotypes.

The cluster B had a ten genotypes and further sub —divided
into three major sub clusters,B1,B2 and B3 at 50% similarity
level, sub clusters BI(DGR,TKP,MDK and KSR) and B2
(JTL,KDR,CLI and SMJ) contained four Genotypes each.
Among four genotypes of B1 sub cluster2 genotypes DGR
and TKP were exhibited 100% similarity according to the
morphological and low yielding characters. Two genotypes
(CMP and DPG) belonging to sub cluster B3 showed a 61%
similarity level with B1 and B2.

This study showed that pair-wise estimates of similarity for
18 genotypes belonging to popular cultivated turmeric
genotypes ranged from 0.40 to 0.85 (Table-3). Four pairs of
Genotypes; TGT and EGT, MNP and EGT, DGR and ARM,
CLI and JTL were the closest genotypes with the same
highest similarity index of 0.63. It was followed by another
two pairs of Genotypes; KDR and SHL and KDR and ARM
with the same similarity index of 0.40 were the closest
genotypes belonging to low yielding cultivated genotypes
indicating the highest genetic variability from other
populations of indigenous turmeric from Telangana.
Similarity, Ullah Jan et al (2011) found out that turmeric
genotypes two pairs of genotypes B2,B3 and B4, BS were
the closest genotypes and highly associated with each other
by a similarity coefficient of 0.71.

In all the 18 genotypes analyzed, the similarity coefficient of
each pair of high and low yielding cultivated turmeric
genotypes of KTA and SHL, TKP and DGR were showed
highest similarity level at 0.82 and 0.85 .Each genotype of
JTL and ARM, these two are locally cultivated genotypes
belong to low yielding cultivated genotypeswere showed a
similarity coefficient of 0.45 to 0.73 and 0.45 to 0.74 with
all the genotypes. Knowledge about genetic relationships

will be useful to avoid the chance of using genetically
similar genotypes /landraces and will also be supportive in
future breeding programs to select genetically diverse
parents of turmeric genotypes.

4. Conclusion

Random amplified polymorphic DNA (RAPD) analysis is
the simplest, very quick, easy to develop and least laborious
method and has been used to estimate the genetic distance
and diversity in awide range of plant especially at the sub-
species and cultivar level.Our investigate affirmed the
ability of RAPD markers to differentiate between genotypes
of turmeric and using RAPD markers as a means for the
assessment of genetic diversity of indigenous turmeric
genotypes in Telangana state in India.

References

[1] Ammon HPT and Wahl MA, Pharmacology of
Curcuma longa, Planta Med. 1991; 57: 1-7.

[2] Archan Das, VigyaKesari, Vinod M. Satyanarayan,
Ajay Parida, LathaRangan, Genetic Relationship of
Curcuma species from Northeast India Using PCR-
Based Markers. MolBiotechnol. 2011; 49:65-76.

[3] Awasthi AK, Nagaraja GM.,Naik, GV, Kanginakudru
S, Thangavelu K., &Nagaraju J (Genetic diversity and
relationships in mulberry genus Morus) as revealed by
RAPD and SSR marker assays. BMC Genetics,2004;
5:1-7.

[4] Belaj A, Satovic Z, Cipriani G, Baldoni L, Testolin, R,
Rallo, L. Comparative study of the discriminating
capacity of RAPD, AFLP and SSR markers and of their
effectiveness in establishing genetic relationships in
olive. Theoretical and Applied Genetics, 2003;
107:736-744.

[5] Doyle, J.J., Doyle, J.L. A rapid DNA isolation
procedure from small quantities of fresh leaf tissue.
Phytochem Bull. 1987;19: 11-15.

[6] Diwan N andCregan PB. Automated sizing of
fluorescent- labeled simple sequence repeat (SSR)
markers to assay genetic variation in soybean.
Theoretical and Applied Genetics, 1997; 95:723-733.

[7] Duwick DN. Genetic diversity in major farm crops on
the farm and reserve. Econ Bot 1984; 32: 161-178.

[8] Fico G, Spada A, BracabA, Agradic E, Morellib I and
Tomea F. RAPD analysis and flavonoid composition of
Aconitum as an aid for taxonomic discrimination.
Biochemical Systematics and Ecology, 2003; 31:293—
301.

[9] Huang H, Layne DR, Kubisiak TL. Molecular
characterization of cultivated pawaw (Asiminatriloba)
using RAPD markers. J. Am. Soc. Hort. Sci., 2003; 128:
85-93.

[10]Islam MA, Meister A, Schubert V, Kloppstech K, and
Esch E. Genetic diversity and cytogenetic analyses in
Curcumazedoaria (Christm.)Roscoe.from Bangladesh.
Genetic Resources and Crop Evolution, 2007; 54: 149—
156.

[11]Kiso, Y., Suzuki, Y., Watanabe, N., Oshima, Y., and
HikinoH..Antihepatotoxic  principles of Cucuma
longarhizomes.Planta Med., 1983; 49:185-187.

Volume 5 Issue 10, October 2016

Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20162068

146



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391

[12]Nayak S, Nayak PK, and Acharya L. Assessment of
genetic diversity among 16 promising cultivars of
zinger using cytological and molecular
markers.Zeitschriftfu 'rNaturforschung,2005; 60: 485—
492.

[13]Nayak S, Naik PK, Acharya LK, Pattnaik AK.
Detection and evalution of genetic variation in 17
promising cultivars of turmeric (Curcuma longa L.)
using nuclear DNA content and RAPD markers.
Cytologia, 2006; 71: 49-75.

[14]Philip J. Studies on growth, yield and quality
components in different turmeric types. Indian Cocoa.
Arecanut Spices J., 1983; 6: 93-97.

[15] Prasad M, Varshney RK, Roy JK, and Balyan HS. The
use of microsatellites for detecting DNA polymorphism,
genotype identification and genetic diversity in wheat.
Theoretical and Applied Genetics, 2000; 100: 584-592.

[16]Rangan L, Das A, Kesari V, Agarwal S, and Sarma GC.
Use of DNA barcodes to identify Curcuma species of
Northeast India.International conference of emerging
technologies and applications in engineering,
technology and sciences, Rajkot 2008; pp. 2116-2120.

[17]Ratnaparkhe MB, Gupta VS, Venmurthy MR, and
Ranjekar PK. Genetic fingerprinting of pigeon pea
(CajanuscajanL. Millsp) and its wild relatives using
RAPD markers. Theoretical and Applied Genetics,
1995; 91:893-898.

[18] Sasikumar B. Genetic resources of Curcuma diversity,
characterization and utilization. Plant Genet.Resour.
2005; 3: 230-251

100bpM
PTB
SHL

Fig.1: RAPD PCR based polymerase chain reaction fingerprints

[19] Saritnum O, Minami M, Matsushima K, Nemoto K, and
Sruamsiri P. Genetic diversity of galanga (Alpina
spp.)in Thailand as determined by randomly amplified
polymorphicDNA markers. 10th International congress
on SABRAO, Tsukuba, Japan.2005; August 22-23,

[20] Sharma A, Namedo AG, and Mahadik KR. Molecular
markers: New prospects in plant genome analysis.
PharmacognosyReview, 2008; 2(3):23-34.

[21]Shasany AK, Aruna V, Darokar MP, Kalra A, Bahl JR,
Bansal RP. Genetic diversity and species relationship in
Asparagus spp. using RAPD analysis. Journal of
Medicinal and Aromatic Plant Sciences. 2002; 24: 729—
732.

[22] Syamkumar S, B. Sasikumar. Molecular marker based
genetic diversity analysis of Curcuma species from
India. Science direct, ScientiaHorticulturae2007; 112:
235-241.

[23]Welsh J. and M McClelland. Fingerprinting genomes:
using PCR with arbitrary primers. Nucl Acids Res
1990; 18: 7213-7218.

[24] Weir BS. Genetic Data Analysis: Methods for Discrete
Population Genetic Data. Sinauer Associates, Inc.
Publishers.Sunderland, Massachusetts, 1990; 377 pp.

[25] Williams JGK, Kubelik AR, Livak KJ, Rafalski JA and
Tingey SV. DNA polymorphisms amplified by arbitrary
primers are useful as genetic markers. Nucleic Acids
Research, 1990; 18: 6531-6535.

[26] Zhebentyayeva TN, Reighard G. L, Gorina VM and
Abbott AG. Simple sequence repeats (SSR) analysis for
assessment of genetic variability in apricot germplasm.
Theoretical and Applied Genetics, 2003; 106:435-444.

MDK
KSR
!
KDR
cu
CMP
DPG

SMJ

|

(IRt} 8
| B |

.

Ll
| |
.- .
- -
=
- -

pattern for

genomic DNA of Turmeric genotypes from the Telangana.

Volume 5 Issue 10, October 2016

Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20162068

147



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391

-

EGT

EMLT

r
A8

T v
DG
Caefficie nt

Figure 2: UPGMA Dendrogram showing relatedness among Turmeric genotypes using 15 RAPD Primers

Table 1: List of popular cultivated Turmeric genotypes used in this study

S. No | Genotypes Original Designation Place of Collection State
Turmeric Research Center (TRC),
1 PTB Prathiba Kammer pally, Nizamabad Telangana, India
2 EGT Eraagunturu . L TRC, Nizamabad Telangana, India
3 TGT Tellagunturu High yielding TRC, Nizamabad Telangana, India
4 MNP Manapasupu genotypes TRC, Nizamabad Telangana, India
5 SHL Shylam TRC, Nizamabad Telangana, India
6 KTA Kasturiavidi TRC, Nizamabad Telangana, India
7 TDP Thudapuja TRC, Nizamabad Telangana, India
8 ARM Armoor local TRC, Nizamabad Telangana, India
9 DGR Duggirala TRC, Nizamabad Telangana, India
10 TKP Terkupeta TRC, Nizamabad Telangana, India
11 MDK Mydukur TRC, Nizamabad Telangana, India
12 KSR Kesari Low yielding TRC, Nizamabad Telangana, India
13 JTL Jagityal local genotypes TRC, Nizamabad Telangana, India
14 KDR Kedaram TRC, Nizamabad Telangana, India
15 CLI CLI-Rajampet TRC, Nizamabad Telangana, India
16 SM1J Somajuli TRC, Nizamabad Telangana, India
17 CMP Casampet TRC, Nizamabad Telangana, India
18 DPG Deepangudapeddapasupu TRC, Nizamabad Telangana, India
Table 2: List of 15 RAPD primers,polymorphism and banding patterns of 18 genotypes of Turmeric
S. No|RAPD Primers | Sequence (5'--3") [No of amphlified bands|No of Polymorphic bands |Polymorphism (%) |PIC Values|MI Values
1 OPA-07 |GAAACGGGTG 25 20 80.00 0.94 75.2
2 OPA-08 |GTGACGTAGG 26 26 100.00 0.89 89.0
3 OPA-10 |GTGATCGCAG 27 27 100.00 0.93 93.0
4 OPA-11  |AAAGCTGCGG 23 21 91.30 0.94 85.5
5 OPA-18 AGGTGACCFT 30 30 100.00 0.96 96.0
6 OPC-02 |GTGAGGCGTC 25 25 100.00 0.95 95.0
7 OPC-05 GATGACCGCC 23 19 82.60 0.74 60.6
8 OPC-07 |GTCCCGACGA 15 15 100.00 0.90 90.0
9 OPD-03 GTCGCCGTCA 20 15 75.00 0.93 69.7
10 OPD-07 | TTGGCACGGG 17 11 64.70 0.82 56.3
11 OPD-08 GTGTGCCCCA 16 15 93.70 0.71 66.0
12 OPD-18 |GAGAGCCAAC 16 11 68.70 0.92 62.5
13 OPD-20 |ACCCGGTCAC 17 12 70.50 0.93 65.1
14 OPN-05 |ACTGAACGCC 22 21 95.40 0.93 88.3
15 OPN-06 |GAGACGCACA 19 18 94.70 0.92 86.4
Total 321 286 — — —
Mean 214 19.1 87.74 — —
Range 15-30 11-30 64.7-100 0.71-0.96 |56.3-96.0
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Table 3: Dice coefficients of similarity based on RAPDs showing the relationship between turmeric genotypes

Genotypes | PTB | EGT | TGT | MNP | SHL | KTA | TDP | ARM | DGR | TKP | MDK [ KSR | JTL |KDR | CLI | SMJ | CMP | DPG
PTB 1.00

EGT 0.67 | 1.00

TGT 0.56 | 0.63 | 1.00

MNP 0.56 | 0.63 | 0.80 | 1.00

SHL 0.48 | 0.53 | 0.55 | 0.58 | 1.00

KTA 0.47 | 0.50 | 0.54 | 0.54 | 0.82 | 1.00

TDP 0.51 | 0.50 { 0.49 | 0.55 | 0.64 | 0.62 | 1.00

ARM 045 049 {049 | 0.52 | 0.57 | 0.56 | 0.74 | 1.00

DGR 0.53 | 0.55 | 0.52 | 0.55 [ 0.50 | 0.54 | 0.57 | 0.63 | 1.00

TKP 0.48 | 048 | 0.48 | 0.49 [ 0.48 | 0.53 | 0.57 | 0.62 | 0.85 | 1.00

MDK 0.47 | 048 | 0.45 | 046 [ 0.48 | 0.52 | 0.45 | 0.47 | 0.61 | 0.61 | 1.00

KSR 049 | 048 [ 0.49 | 047 | 047 | 0.53 {046 | 0.44 | 0.61 | 0.62 | 0.77 | 1.00

JTL 0.50 | 0.49 [ 0.50 | 0.49 [ 045|046 [045 | 044 | 0.53 | 0.52 | 0.60 | 0.67 | 1.00

KDR 0.51 | 0.46 | 0.47 | 047 [ 0.40 | 041 [ 0.41 | 0.40 | 0.46 | 0.43 | 0.56 | 0.58 | 0.73 | 1.00

CLI 0.56 | 0.51 | 0.48 | 047 [0.49 {049 [0.49 | 0.49 | 0.56 | 0.55 | 0.49 | 0.52 | 0.63 | 0.66 | 1.00

SMJ 048 | 045 {045 ] 043 {044 1044 {045] 048 | 0.50 {0.51 ] 0.44 [ 0451049 | 0.52 |0.68 | 1.00
CMP 049 [ 044 {047 | 049 [ 048 {049 [042 | 045 | 0.50 | 049 ] 0.42 | 0.45 1046 | 0.47 | 0.55 ] 0.56 | 1.00
DPG 048 | 0.45 {043 | 048 | 047 | 044 [ 045 | 045 | 0.53 | 0.53 | 0.45 | 0.46 |0.50 | 0.47 | 0.56 | 0.56 | 0.62 | 1.00
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