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Hydroxycitric acid made the genus Garcinia economically important. Genetic and chemical 
diversity has been studied in Garcinia species using molecular markers, HCA and anti-
oxidant activity. Nine species were collected and screened for molecular diversity and six 
were subjected to analyse antioxidant and HCA content and its interspecies variability. 
A total of 129, 125 and 89 bands with polymorphism of 78.74%, 78.4% and 93.36% were 
obtained using ISSR, RAPD and EST-SSR, respectively. The average PIC value obtained 
with ISSR, RAPD and EST-SSR markers was 0.9161, 0.9440 and 0.8903, respectively. De-
termined HCA content by HILIC-HPLC system using 0.1% orthophosphoric acid and ace-
tonitrile (30:70) as mobile phase in fruit powder of various Garcinia species was found to 
be significantly different. G. gummi-gutta, G. indica and G. xanthochymus are rich of HCA 
containing 12.44±1.04%, 7.92±0.83% and 6.3±0.286%, respectively. G. morella, G. talbotii and 
G. celebica contained very negligible amount of HCA, 0.023±0.012%, 0.083±0.034% and 
0.34±0.013%, correspondingly. G. talbotii showed high antioxidant capacity (95.40±0.720). 
Below that G. indica and G. xanthochymus were showing significant amount of total phenols 
(1.23±0.015 and 1.07±0.008), flavonoids (11.17±0.075 and 12.35±0.219) and antioxidant ac-
tivity (90.73±0.976 and 91.37±0.854). Correlation analysis found significant association be-
tween molecular and chemical variation indicating influence of genetic background on the 
observed HCA and antioxidant profiles. The conducted analysis showed the most distinct 
species at the genetic and chemical levels were G. gummi-gutta, G. indica and G. xanthochy-
mus. This study signifies the utility of molecular and chemical fingerprints for commercial 
exploitation of HCA from Garcinia species.
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INTRODUCTION

Garcinia L. is a pantropically distributed genus with high species richness 
in SE Asia, and composed of 240 species (Saleh 2006). In India the genus Gar-
cinia is represented by 43 species including 9 endemic to the Western Ghats 
only (Shameer et al. 2019). For genus Garcinia Western, Ghats is considered as 
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secondary centre for origin (Abraham et al. 2006). It includes G. indica (Thouars) 
Choisy, G. gummi-gutta (L.) Roxb., G. talbotii Raizada ex Santapau, G. morella 
(Gaertn.) Desr. which are widely distributed. Besides them three species G. cele
bica L. (syn. G. hombroniana Pierre), G. xanthochymus Hook. f. ex T. Anderson 
and G. mangostana L. are introduced (Shameer et al. 2019). These indigenous 
and introduced species provides important resources in Indian continent. 
Some species are also well-known among local populations due to their vari-
ous culinary purposes and medicinal properties. More recently the pharmaco-
logical properties of few Garcinia species have been deeply explored (Hart and 
Cock 2016). The genus is known for a variety of biologically active metabo-
lites such as polyisoprenylated benzophenones (Meli Lannang et al. 2010), xan
thones (Louh et al. 2008) and triterpenoids (Meli Lannang et al. 2008, Nguyen 
et al. 2011). Considerable efforts have been made in order to understand small 
and complex molecules from different parts of the various species of Garcinia 
including xanthones and their derivatives (Bennett and Lee 1989, Rama Rao et 
al. 1980) in addition to their biological and pharmacological activity. There have 
been extensive claims on the beneficial effects of Garcinia plant extracts espe-
cially based on their antioxidant properties (Hassan et al. 2013, Jung et al. 2006).

In the current scenario, the assessment of genetic and chemical diversity 
is the most renowned approach for identification and characterisation of elite 
species. Molecular markers with biochemical and phytochemical traits play 
an important role to depict genetic diversity (Jugran et al. 2012). The presence 
of high numbers of sympatric Garcinia species in almost every tropical re-
gion (Ashton 1988, Sweeney 2008) may well have led to a situation where the 
genus received comparatively less attention from taxonomists because of its 
supposed complexity. Some past studies have produced estimation of genetic 
diversity at genus level (Mansyah et al. 2010, Mohan et al. 2010, Qosim et al. 
2011, Tharachand et al. 2015, Thatte et al. 2012). However, information on ge-
netic diversity and genetic relationships of Garcinia is very limited (Mohanan 
et al. 2017, Saleh 2006).

Collective marker studies have been found in some species of Garcinia. 
Studies on various Garcinia species involving random amplified polymorphic 
DNA (RAPD), inter simple sequence repeats (ISSR) and simple sequence re-
peats (SSR) markers were successfully used by various researchers through-
out the world (Mansyah et al. 2010, Mohan et al. 2010, Qosim et al. 2011, 
Tharachand et al. 2015, Thatte et al. 2012). In our recent report, we demon-
strated the phytogeographical variation and molecular marker study in char-
acterisation of natural and conserved populations of G. xanthochymus as well 
(Anerao et al. 2016b). Single attempt has been made available on group of Gar-
cinia species from Indian continent (Parthasarathy et al. 2013). However, data 
on molecular and chemical diversity of Garcinia is sparsely available.
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The genus has received importance of new global economy of medici-
nal and pharmaceutical industries because of the presence of bioactive mol-
ecule hydroxycitric acid (HCA), knowing for its antiobesity property. HCA, 
found in Garcinia species inhibits the extra mitochondrial enzyme adenosine 
triphosphate-citrate (pro-3S)-lyase essential in fat production which results in 
reduction in the body weight (Heymsfield et al. 1989). Recent developments 
in the field of determination and quantitation of bioactive compound and 
its comparative analysis from economic crops have led to renewed interest 
in determination of HCA using a number of analytical methods. Lewis and 
Neelakantan (1965) had identified HCA in mid-sixties. Most studies have de-
termined HCA content in Garcinia using High performance liquid chromatog-
raphy (HPLC), Liquid chromatography (LC) and Reverse Phase High perfor-
mance liquid chromatography (RPHPLC) (Dang et al. 2011, Jayaprakasha and 
Sakariah 1998, 2000, 2002, Jena et al. 2002). Comparative estimation of HCA 
was carried in four commonly available species (Ashish et al. 2008). Several 
studies have produced the percentage of HCA, but still there is insufficient in-
formation to conclude a general statement. Considering the high commercial 
value of this compound and widespread occurrence in Garcinia species makes 
HCA a useful biochemical marker for chemosystematics and evolutionary re-
lationships. Due to lack of standard protocol for determination and inconsist-
ent results from the previous methods, researchers are looking for new, more 
sensitive, reliable and fast techniques which give quick results (Dang et al. 
2011, Jayaprakasha and Sakariah 1998, 2000, Jayaprakasha et al. 2003, Kumar 
et al. 2013).

Due to the lack of information available on the molecular diversity in 
economically imperative species of Garcinia and tremendous demand of HCA 
in market there is a need of molecular fingerprinting as well as the antioxidant 
and HCA profiling of Garcinia species. Such study helps to prevent the sale 
of the invariably adulterated and different unrelated drugs in the crude drug 
market of the world under the name of weight loss.

In spite of their numerous species and economic relevance, there is no 
ample information available on genetic relationship, antioxidant activity 
and HCA content of Garcinia. It was considered that quantitative measures 
would conveniently enhance and extend the qualitative analysis. The study 
was also focused on method development and quantification of HCA from 
six Garcinia species from Western Ghats using High Interaction Liquid Chro-
matography-High Performance Liquid Chromatography (HILIC-HPLC) and 
will be compared with the available market product. The HCA profile can 
be used to identify species, because of its distinctness to each species, and 
evidence of tampering can be evaluated by comparing the known species fin-
gerprint to that of the suspected adulterated HCA powder. Objectives of the 
present study were molecular characterisation of the germplasm of Garcinia 
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using molecular markers and to compare the level of information provided 
by RAPD, ISSR, Expressed sequence tags-SSR (EST-SSR) and variability in the 
content of potential metabolite HCA using HILIC-HPLC analysis and antioxi-
dant activity for the assessment of genetic similarities to find the genetic and 
phytochemical relationship among species.

MATERIAL AND METHODS

Fruits, seeds and samplings of nine species of Garcinia including G. in-
dica (Thouars) Choisy, G. xanthochymus Hook. f. ex T. Anderson, G. morella 
(Gaertn.) Desr., G. gummi-gutta (L.) Roxb. (syn. Garcinia affinis Wight et Arn.), 
G. talbotii Raizada ex Santapau, G. celebica L. (syn. G. hombroniana Pierre), G. 
madruno (Kunth) Hammel, G. elliptica (Graham) Wall. ex Wight (syn. G. acumi-
nata Planch. et Triana) and G. livingstonei T. Anderson were collected for exe-
cuting the research work from various parts of the Western Ghats (Fig. 1). Bo-
tanical names of the species and their synonyms were referred from the plant 
list (2010). The global positioning system of collection sites was mentioned in 
Table 1. Dried fruit powders of G. indica, G. gummi-gutta, G. xanthochymus, G. 
talbotii, G. morella and G. celebica were utilised for determination of HCA and 
antioxidant assay.

G. xanthochymus
G. talbotti
G. morella
G. celebica
G. indica
G. gummi-gutta
G. elliptica
G. livingstonei
G. madruno

0 500

km

Fig. 1. Distribution map showing the Garcinia species collected from various locations of 
Western Ghats
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Molecular analysis

The young leaf material was 
used for extraction of DNA. The 
details of each technique were 
mentioned in the following sub-
sections. The chemicals were ob-
tained from Thermo Fischer. Re-
actions were carried out in a total 
volume of 25 µl consisting of 100 ng 
of template DNA, 1X Taq buffer, 2.5 
mM MgCl2, 2.5 U Taq polymerase, 
0.2 mM dNTPs, and 0.5 µM Primer.

DNA extraction and PCR amp
lification: DNA was isolated from 
young leaves following the cetyl-
trimethyl ammonium bromide 
(CTAB) and Sodium dodecyl sul-
phate (SDS) protocols as mentioned 
in published protocol (Anerao et al. 
2016a).

PCR amplification of ISSR: For 
the ISSR analysis, a total of 35 prim-
ers were checked and out of that 11 
primers were screened down for 
genetic analysis. The total reac-
tion volume was carried in 25 µl 
of reaction mixture containing 100 
ng µl–1 of template DNA, 1X Taq 
buffer, 2.5 mM MgCl2, 2.5 U Taq 
polymerase, 0.2 mM dNTPs and 0.5 
µM RAPD primer. The polymerase 
chain reaction (PCR) amplification 
was carried out in a thermocycler 
(Gold AmpGene) programmed as 
follows: 5 min at 95 °C for 1 cycle, 
followed by 1 min at 94 °C, 1 min at 
annealing temperature (depending 
on the primer used, melting tem-
perature is mentioned in Table 2) 
1 min at 72 °C for 45 cycles, and 7 
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Table 2
Marker parameters calculated for each primer utilised with Garcinia species

Sr. 
no.

Primer Primer sequences Tm 
(°C)

Mean 
PIC

MI

1 A1 AGAGAGAGAGAGAGAGT 51 0.9486 7.589
2 A 2 AGAGAGAGAGAGAGAGAA 51 0.9667 7.733
3 A3 AGAGAGAGAGAGAGAGTA 51 0.9087 9.99
4 A 4 GAGAGAGAGAGAGAGAGAA 53 0.9717 5.830
5 A 5 GAGAGAGAGAGAGAGAGAAC 50 0.9602 6.721
6 A 6 GAGAGAGAGAGAGAGAGAAT 50 0.9758 2.927
7 A 7 GACGACGACGACGAC 50 0.7409 2.222
8 A 8 CCCGGATCCGAGAGAGAGAGAGAGAGA 53 0.9153 8.237
9 A 9 GACAGACAGACAGACA 53 0.7409 2.222
10 A 10 CACACACACACACACAAT 53 0.9747 10.721
11 A 809 AGAGAGAGAGAGAG AGC 50 0.9737 11.685
12 RAPD 1 AAAGCTGCGG 32 0.9408 8.467
13 RAPD 2 AAAGCTGCGG 34 0.9369 13.116
14 RAPD 3 AAGCGACCTG 32 0.9190 11.947
15 RAPD 4 AATCGCGCTG 32 0.9549 10.503
16 RAPD 5 AATCGGGCTG 32 0.9734 9.734
17 RAPD 6 ACACACGCTG 32 0.9782 14.673
18 RAPD 7 ACATCGCCCA 32 0.9208 10.128
19 RAPD 8 ACCACCCACC 34 0.9214 11.056
20 RAPD 9 ACCGCCTATG 32 0.9593 10.552
21 RAPD 10 ACGATGAGCG 32 0.9354 11.224
22 E-SSR 1 For: CATGGAGTTGTGATACCTAC 51 0.9879 2.963

Rev: CAGAGTTAGCCATATAGAGTG
23 E-SSR 2 For: ATTATTTACCCTACAGAGTGC 51 0.9879 2.963

Rev: GTATTATCGGTAATGTCTTCAT
24 E-SSR 3 For: GAACGAGAAATCGGGAAC 51 0.9516 1.903

Rev: GCAGCCATTGAATACAGAG
25 E-SSR 4 For: TTGATGCAACTTTCTGCC 53 0.8324 6.65

Rev: ATGTGATTGTTAGAATGAACTT
26 E-SSR 5 For: GCTTTATCCACATCAATATCC 54 0.8458 6.76

Rev: TCCTACAATAACTTGCC
27 E-SSR 6 For: AATTATCCTATCCCTCGTATC 54 0.6378 2.551

Rev: AGAAACATGATGTGAACC
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min at 72 °C for final extension. PCR products were separated on 2% agarose 
gel stained with 0.1 µg ml–1 of ethidium bromide using 1X Tris Acetic EDTA 
(TAE) buffer solution, and visualised under UV light.

PCR amplification of RAPD: For the RAPD analysis, 10 RAPD primers 
were utilised. PCR reaction mixture and concentrations of the reagents were 
same as mentioned above. Only variables are primer annealing temperatures. 
Screened RAPD primers sequence and their melting temperatures were men-
tioned in Table 2. An aliquot of 10 µl of the amplified products was subjected 
to electrophoresis on a 2% agarose gel cast in 1X TAE. A digital image of the 
ethidium bromide-stained gel was captured using a Gel doc Imaging System.

PCR amplification of EST-SSR: For the EST-SSR analysis, 10 primers pairs 
with forward and reverse sequences (Table 2) were considered for amplifica-
tion on Garcinia species. PCR reactions were set up in a total volume of 25 
µl. 0.5 µM of each of the forward and reverse primers were utilised for am-
plification. Remaining procedure was similar for the RAPD and ISSR. PCR 
products were separated on 12% of denaturing UREA-Polyacrylamide gel 
electrophoresis (PAGE) Gel and run in 1X Tris Borate EDTA (TBE) buffer at 
100 V. Further the visualisation of amplified DNA gel was carried out using 
slight modifications of the reported silver-stain protocols (Bassam and Gress-
hoff 2007, Kumar et al. 2015).

HPLC determination of hydroxycitric acid

Most of the Garcinia species are dioecious in nature and number of popu-
lations are very few. Because of that we could not collect sufficient fruits of 
G. livingstonei and G. madruno. G. elliptica was a male. Fruits of only six spe-
cies of Garcinia were made available for phytochemical analysis. Ten fresh 
ripen fruits of each Garcinia species namely G. gummi-gutta, G. indica, G. xan-
thochymus, G. morella, G. talbotii and G. celebica were collected from different 

Table 2 (continued)
Sr. 
no.

Primer Primer sequences Tm 
(°C)

Mean 
PIC

MI

28 E-SSR 7 For: GTTTAGAAAGTGCTGTGTGAC 56 0.9226 16.6
Rev: GATGTATGGGACCTAATG

29 E-SSR 8 For: GACATACAGGAAACGGTGGAG 55 0.8599 6.019
Rev: ATTGTAAATGACCATCAACTA

30 E-SSR 9 For: GCTTCGATCAATCTAGCTTCCC 60 0.9105 9.105
Rev: GCAAACTACGCCACCCCG

31 E-SSR 10 For: CGAGGGAGGGATGAGGAGC 60 0.9672 6.770
Rev: CACATTCATCCACCCTCCTATA
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locations of Maharashtra, Karnataka and Kerala in 2015–2016. Fruit rinds 
were chopped and then dried in the hot air oven at 60 °C. The rinds were 
powdered and used for extracting hydroxycitric acid. Commercial product of 
HCA was procured from the Isha Agro Developers PVT LTD and analytical 
grade standard of pure HCA lactone (synonym of Garcinia acid) (Article No. 
27750-13-6) procured from Sigma Aldrich.

Method development: The objective of any analytical method is to obtain 
consistent, reliable and accurate data. To achieve better retention and resolu-
tion for HCA, HILIC was selected as a method of analysis. The separation was 
achieved on ZIC®CHILIC 250 × 4.6 mm, 3 µm column for the analysis of HCA. 
The details of chromatographic parameters are mentioned in Table 3.

The LOD and LOQ for the present HPLC method developed were meas-
ured as per guidelines described by the International Conference on Harmo-
nization (ICH 2005). The mean values were calculated based on at least three 
independent replicates (n = 3) and results are presented as means ± standard 
deviations (SD). The percentage of HCA was calculated based on the area 
under curve of respective species chromatogram.

Mobile phase preparation: 0.1 v/v orthophosphoric acid (EMSVRB Grade, 
received from Merck Article No. 1.00573.1000) in miliQ water was used as 
mobile phase with acetonitrile (Gradient grade for chromatography, Article 
No. 6183002500) in a ratio of 30:70 (v/v).

Preparation of stock and calibration of standard solutions: Standard solution of 
pure HCA was prepared by dissolving 4.0 mg in 2 ml (2,000 ppm) of diluent in 
a vial (stock solution). Serial dilutions were made from stock solution to obtain 
concentrations of 50, 100, 200, 300, 500, 600 and 750 ppm. The linearity of the 
method for standard was established by injection of different concentrations.

Method precision: To assess the reproducibility of the method of analysis 
for HCA, 500 ppm standard was injected in triplicate and performed under 
identical chromatographic conditions. The results are reported in terms of rel-
ative standard deviation (RSD). Standard curve was plotted for the determi-
nation of limit of detection (LOD) and limit of quantification (LOQ) of HCA 
on HILIC-HPLC.

Table 3
Details of chromatographic parameters

Parameters Details
Column ZIC®CHILIC 250 × 4.6 mm, 3 µm
Flow rate 0.75 ml/minute
Detection UV @210 nm
Column oven temperature 30 °C
Injection volume 20 µL
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Sample preparation: One gram of dried, powdered fruit rind was (dis-
solved) extracted in 30 ml of 0.1% orthophosphoric acid and sonicated for 
30 min in ultrasonic bath. After sonication, volume was made up with HPLC 
grade acetonitrile (70 ml). Samples were again sonicated for 15 min to ex-
tract the acid. Extracts were filtered through 0.45 µm nylon membrane filtrate 
(Article No. SLHN033NK) to remove fine particles and filtrate was used for 
HILIC-HPLC detection.

Estimation of antioxidant activity, total phenolics and total flavonoids

DPPH assay: Methanolic extracts obtained from fruits of six Garcinia spe-
cies at a concentration of 1 mg ml–1 were examined by 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) free radical-scavenging assay to confirm the antioxidant ac-
tivity. DPPH radical-scavenging activities were performed by making slight 
changes in Zhao et al. (2012) protocol. The fruit extracts were prepared in 
methanol and ascorbic acid was used as a standard. 0.002% of DPPH solution 
was prepared and stored at 20 °C until required. 1 ml of 0.002% of DPPH so-
lution prepared in methanol was mixed with 1 ml of the sample solution and 
standard solution separately. These solution mixtures were kept in dark for 
30 min and optical density was measured at 517 nm using UV-visible Spectro
photometer (LabIndia UV-1800). Blank was prepared by adding 1 ml of 
0.002% DPPH solution in 1 ml of methanol. The optical density was recorded 
and % inhibition was calculated using the formula given below,

Percent (%) inhibition of DPPH activity = (A – B / A) × 100
A = optical density of the blank and B = optical density of the sample.

FRAP assay: Second antioxidant assay ferric reducing antioxidant power 
(FRAP) was carried out by using a modified method (Benzie and Szeto 1999). 
The stock solutions were prepared using 300 mM acetate buffer and 16 ml 
acetic acid, pH 3.6, 10 mM 2, 4, 6-tripyridyl-s-triazine (TPTZ) solution in 40 
mM HCl, and 20 mM FeCl3·6H2O solution. The fresh working solution was 
prepared by mixing 25 ml acetate buffer, 2.5 ml TPTZ, and 2.5 ml FeCl3·6H2O. 
The temperature of the solution was maintained at 37 °C. Methanolic extracts 
of fruits (150 µl) were react with 2,850 µl of the FRAP solution for 30 min in 
the dark condition. Ascorbic acid was used as standard and same procedure 
was used for it. The coloured product (ferrous tripyridyltriazine complex) 
was measured at 593 nm. Results were expressed in µg Fe (II)/g dry mass and 
compared with that of ascorbic acid.

Total phenolics content: Spectrophotometric method was used to deter-
mine concentration of phenolics in plant extracts. The plant sample was ex-
tracted with methanol by using cold maceration and concentration of 1 mg/ml 
was prepared for determining the total phenolic content. 0.5 ml of methanolic 
solution of plant extract, 2.5 ml of 10% (v/v) Folin-Ciocalteu’s reagent and 2.5 
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ml 7.5% NaHCO3 (w/v) was used as reaction mixture. The blank was prepared 
by mixing 0.5 ml methanol, 2.5 ml 10% Folin-Ciocalteu’s reagent and 2.5 ml of 
7.5% of NaHCO3 (w/v). Gallic acid was used as standard. The samples were 
kept in room temperature for 2 hours. The absorbance was measured using 
spectrophotometer at λmax 765 nm. The concentration of phenolics was read 
(mg/ml) from the calibration curve by using the measured absorbance. The 
content of phenolics in extracts was expressed in terms of gallic acid equiva-
lent (mg of GA/g of extract).

Total flavonoids content: The total flavonoids content in the plant extracts 
was determined using spectrophotometric method. The sample was prepared 
by adding 1 ml of methanol solution of the extract in the concentration of 1 
mg/ml and 1 ml of 2% AlCl3 (w/v) solution dissolved in methanol. The sam-
ples were then incubated for an hour at room temperature. The absorbance 
was measured using spectrophotometer at λmax 415 nm. Rutin was used as 
standard using same process and the calibration line was construed. Based 
on the measured absorbance, the concentration of flavonoids was read (mg/
ml) on the calibration line; then, the content of flavonoids in extracts was ex-
pressed in terms of rutin equivalent (mg of RU/g of extract).

Statistical data analysis

The amplified products of ISSR, RAPD and EST-SSR PCR were manu-
ally scored for band presence (1) or absence (0) for the nine species of Garcinia 
and a binary data matrix was constructed. To analyse the suitability of all 
three markers types, the performance of the markers was measured using two 
parameters; polymorphic information content (PIC) and marker index (MI). 
The PIC value for each locus was calculated using formula (Roldán-Ruiz et al. 
2000); PICi = 2fi (1–fi), where PICi is the polymorphic information content of 
the locus, fi is the frequency of the amplified fragments and 1–fi is the frequen-
cy of nonamplified fragments. The frequency was calculated as the ratio be-
tween the number of amplified fragments at each locus and the total number 
of accessions (excluding missing data). The PIC of each primer was calculated 
using the average PIC value from all loci of each primer. Effective multiplex 
ratio (EMR) was calculated using formula; EMR = np (np / n) where np is the 
number of polymorphic loci and n is the total loci number. Marker index for 
both the markers was calculated to characterise the capacity of each primer to 
detect polymorphic loci among the genotypes. Marker index for each primer 
was calculated as a product of polymorphic information content and effective 
multiplex ratio (Varshney et al. 2007). The relationship among the population 
was calculated through Jaccard’s coefficient and the analysis was performed 
using the algorithm computed by PAST version 3.12 (Paleontological Statis-
tics) (Hammer et al. 2001). Dendrograms were constructed by Unweighted 



Acta Bot. Hung. 63, 2021

11GENETIC AND CHEMICAL DIVERSITY IN GARCINIA

pair-group method with arithmetic average (UPGMA) method. The princi-
pal component analysis (PCA) was carried out to visualise genetic diversity 
among population. Nei’s genetic diversity, Shannon’s index and percentage 
of polymorphic loci were calculated using POPGENE 1.31 software (Yeh et al. 
1997). Mantel test was performed to compute matrix correlation between the 
distance matrices generated from each primer system to test the goodness of 
fit between ISSR- RAPD, ISSR- EST-SSR and RAPD-EST SSR. All data in the 
HCA and antioxidant assay were expressed as the mean ± standard deviation 
(SD) of triplicates (n = 3). Correlation coefficient between molecular markers 
and chemical diversity has been tested by analysis of variance (ANOVA) and 
p < 0.05 was considered statistically significant.

RESULTS

Molecular diversity analysis

Molecular markers are widely used in plant genetics, breeding, biological 
diversity analysis and cultivar recognition since they can directly manifest ge-
netic differences at the DNA level. Total of 31 markers including ISSR, RAPD 
and EST-SSRs were utilised for evaluating allelic assortment in Garcinia.

ISSR polymorphism: Thirty-five primers were initially tried for amplifi-
cation, out of that, analyses of eleven ISSR primers were screened for poly-
morphism. Eleven ISSR were produced 127 bands of which 100 were poly-
morphic. Percentage of polymorphism found was 78.74%. The sizes of the 
amplified products were ranged from 100 to 1,700 bp. Number of scorable 
bands produced per primers were ranging from 4 to 8. Primer A5 was show-
ing good polymorphic fingerprinting and good resolution of bands among 
Garcinia species. It amplified in all species, G. gummi-gutta, G. indica and G. 
xanthochymus producing maximum number of bands.

For determining PIC value of each primer, the mean of PIC values were 
calculated for all loci (Table 2). Highest and lowest PIC values were found in 
primers A6, A7 and A9. The average PIC calculated for all the ISSR markers 
was 0.9161. The MI (marker index) for each primer was calculated. The high-
est MI was found in primer A 809 and marker index (MI) value was 11.68, 
whereas lowest found in the primer A7 and A9 with 2.22 (Table 2). The ob-
tained average MI found for all primer was 6. 898. The Nei’s genetic diver-
sity (h) and Shannon’s index (I) among the Garcinia species were calculated 
as 0.2830±0.1358 and 0.4401±0.1815, respectively (Table 4). Observed num-
ber of alleles was 1.984±0.016, the value of effective number of alleles was 
1.655±0.022, expected heterozygosity (HE ) and unbiased expected heterozy-
gosity (uHE ) were found 0.380±0.009 and 0.402±0.010, respectively. The per-
centage of polymorphic loci was 91.54% for ISSR primers.
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UPGMA dendrogram was constructed from the data obtained from the 
ISSR primers (Fig. 2). Garcinia species were grouped in single cluster with bi-
furcating nodes. G. celebica, G. livingstonei, G. elliptica and G. talbotii were pre-
sent at root level while the remaining five species are from bifurcating nodes.

RAPD polymorphism: Ten RAPD primers were screened for genetic diver-
sity in Garcinia. Total of 125 bands were produced. The size of the amplified 
products ranged from 200 to 1,800 bp. The total number of polymorphic bands 
was 98 and percentage of polymorphism was 78.4%. RP 2 primer showed well 
resolved polymorphic and scorable bands in Garcinia species. 500 bp size of 
band was found in G. morella, G. indica and G. gummi-gutta on other hand G. 
xanthochymus, G. celebica and G. talbotii were sharing around 600 bp of band.

To determine PIC value of each primer, the mean of PIC values was 
calculated for all loci. High PIC value was found in primer RP 6 and low 
PIC was found in RP 3 (Table 2). The highest MI was observed with prim-
er RP 6 and the lowest was found in primer RP 1 (Table 2). The average MI 
of all RAPD primers was 11.140. The Nei’s genetic diversity (h) and Shan-
non’s index (I) among all the populations were calculated as 0.2846±0.1237 
and 0.4453±0.1638, respectively (Table 4). Observed number of alleles was 
2.00±0.00, the value of effective number of alleles was 1.656±0.021, expected 
heterozygosity (HE) and unbiased expected heterozygosity (uHE) were found 
0.384±0.088 and 0.406±0.009, respectively. The percentage of polymorphic loci 
was 93.70% for RAPD primers.

All nine Garcinia species were discriminated successfully by RAPD 
markers. The Garcinia were classified into two major clusters (Fig. 3). The 

Distance

12345678

G. indica

G. morella

G. celebica

G. livingstonei

G. elliptica

G. talbotii

G. madruno

G. xanthochymus

G. gummi-gutta

Fig. 2. Dendrogram of Garcinia species 
based on genetic distance obtained from 
ISSR markers using the UPGMA method
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first group gathered four species, G. celebica, G. elliptica, G. livingstonei and G. 
madruno. Group second involves G. morella and G. talbotii, while the rest of 
species bifurcating as basal taxa.

EST-SSR polymorphism: Total ten EST-SSR primers were screened down 
on Garcinia species. Total number of amplified bands was 83 out of which 75 
were polymorphic. The percentage of polymorphism was 90.36%. The size of 
the amplified products ranged from 40 to 1,500 bp. EST-SSR 5 and 7 found 
good resolution and polymorphic bands in all Garcinia species.

EST-SSR primer 5 generated maximum number of bands in G. madruno, 
G. gummi-gutta, G. xanthochymus, G. celebica and G. elliptica. G. madruno and 
G. xanthochymus were sharing common band of 115 bp. On the other hand G. 
xanthochymus and G. celebica found common band of 65 bp. EST-SSR primer 7 
revealed clear picture of polymorphism among Garcinia species. It generated 
unique finger printing pattern in each species. G. morella found six bands rang-
ing from 150–600 bp, G. madruno produced four bands ranging from 150–550 
bp. G. celebica and G. talbotii produced three and one band, respectively. Band 
sizes were ranging from 140 to 280 bp. G. elliptica and G. livingstonei produced 
six and three bands, respectively. The observed bands were ranging from 130 
to 350 bp. Economically important species G. gummi-gutta, G. indica and G. 
xanthochymus produced eight, three and two bands sequentially. Band sizes 
were ranging from 140 to 350 bp in G. indica and G. xanthochymus, whereas 
bands produced by G. gummi-gutta were ranging from 230 to 1,400 bp.

Some common bands were found in Garcinia species. Band of 140 bp was 
found common in G. xanthochymus, G. talbotii and G. celebica, whereas band 
of 150 bp was observed in G. madruno, G. gummi-gutta, G. indica and G. living-
stonei. Band of 310 bp was shared by G. morella, G. madruno, G. indica and G. 
livingstonei.

The mean PIC values for each primer were counted for all loci. High PIC 
value 0.9879, calculated in two primers EST-SSR 1 and EST-SSR 2 (Table 2). On 
other hand low PIC 0.6378 was found in primer EST-SSR 6. The highest MI 
was found in primer EST-SSR 7 and lowest in the primer 2.5516. The values of 
highest and lowest MI were 16.6 and 2.5516, respectively (Table 2). The aver-
age MI of all EST-SSR primers was obtained. The value of mean MI was 6.228. 
The Nei’s genetic diversity (h) and Shannon’s index (I) among the species 
were calculated as 0.2707±0.1383 and 0.4241±0.1858, respectively (Table 4).

Observed number of alleles was 2.00±0.00, the value of effective number 
of alleles was 1.670±0.025, expected heterozygosity (HE) and unbiased expect-
ed heterozygosity (uHE ) were found 0.389±0.010 and 0.412±0.011, respectively. 
The percentage of polymorphic loci was 90.36% for EST-SSR primers. Basing 
on EST-SSR markers and UPGMA analysis was performed, G. xanthochymus, 
G. talbotii, G. celebica, G. livingstonei, G. madruno were included in core group. 
The remaining four species were distantly separate from core group (Fig. 4).
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Combined data analysis for all 
the markers: Cumulative data of 
eleven ISSR, ten RAPD and EST-
SSR were taken into consideration 
for genetic diversity analysis. To-
tal of 335 bands were considered 
of all the markers. The overall 
percentage of polymorphism was 
81.49%. The mean of all PIC val-
ues calculated from all primers 
and observed PIC was 0.9168 (Ta-
ble 4). The average MI of all prim-
ers was 8.050. The Nei’s genetic 
diversity (h) and Shannon’s index 
(I) among all the populations were 
calculated as 0.2806±0.1318 and 
0.4381±0.1759, respectively (Table 
4).

Cluster analysis was carried 
out using cumulative data from 
all the markers. Garcinia species 
were grouped in two clusters. G. 
celebica, and G. talbotii, forming 
one cluster while G. elliptica and 
G. livingstonei forming another 
cluster. Remaining species were 
diverged from these four species 
(Fig. 5). A similarity matrix was 
obtained among all the nine spe-
cies of the genus Garcinia based 
on Jaccard’s coefficient (Supple-
ment Table 1). According to the 
similarity matrix, the genetic simi-
larity ranged from 0.102 to 0.234. 
The highest similarity (0.234) was 
found between G. gummi-gutta 
and G. indica. On the other hand, 
the lowest similarity (0.102) was 
found between G. gummi-gutta 
and G. livingstonei. Genetic diver-
sity indices generated from binary 
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data of all markers were mentioned in Table 4. Observed number of alleles 
was 1.979±0.011, the value of effective number of alleles was 1.663±0.013, ex-
pected heterozygosity (HE) and unbiased expected heterozygosity (uHE) were 
found 0.385±0.000) and 0.408±0.006, respectively. The percentage of polymor-
phic loci was 92.06% for all primers.

The Mantel method used to compare the similarity matrices produced 
correlation coefficients statistically significant for each of the three marker 
systems. The correlation coefficient between genetic distance matrix of ISSR 
and RAPD was 0.2709 and between ISSR and EST-SSR was 0.1997. The ob-
served value for correlation coefficient between genetic distance matrix of 
RAPD and EST-SSR was 0.213. Mantel test revealed significant correlation 
between molecular markers (r = 0.2709, 0.1997 and 0.213; p < 0.05).

Hydroxycitric acid determination

Development of HILIC for HCA: For achieving optimal determination of 
HCA in short analysis time, HILIC conditions such as the column, mobile 
phase, flow rate, injection volume and column temperature were optimised. 
Optimisation results found that mobile phase system consisted of 0.1% (v/v) 
orthophosphoric acid aqueous solution and acetonitrile afforded optimum ef-
ficiency and better peak of HCA. HCA was characterised based on the chro-
matographic retention time and UV visible wavelength data by comparing the 
previously identified HCA peaks. The said method can be effectively applied 
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for enhanced separation and retention of HCA. This method explains the fea-
sibility of HILIC-HPLC. The retention time (Rt) obtained using HILIC column 
was 8.88 minutes for standard HCA. Better performance of HCA on HILIC 
system makes interpretation of analytical data more reliable.

Quantitative analysis of hydroxycitric acid from individual Garcinia species by 
HILIC: Current method determined HCA from six species of Garcinia along 
with commercial market sample. Chromatograms of HCA from Figures 6 to 
10 demonstrated determination of HCA in six Garcinia species. These figures 
showed the obtained chromatograms with very intense well resolved peak at 
210 nm, due to HCA. This result confirms our supposition, that in the sample 
HCA is present and area under curve (AUC) of which was taken for quantita-
tive analysis of HCA content in six species of Garcinia. This method proves 
distinct differences in HCA content of Garcinia species (Table 5). The high 
content of HCA was found in G. gummi-gutta, approximately 12.44±1.04% of 
acid in dried fruit powder. G. indica contains 7.92±0.83% of HCA, whereas G. 
xanthochymus contains 6.3±0.286% of HCA. Percentage of HCA was negligible 
in G. morella, G. talbotii and G. celebica; it was 0.023±0.012%, 0.083±0.034% and 
0.34±0.013%, respectively. Presence of HCA in the market sample was found 
to be 3.99±0.173% of HCA (Fig. 11).

Determination of antioxidant activity, total phenolics and total flavonoids

Antioxidant activity of Garcinia fruit powder was analysed using vari-
ous assays, including DPPH, FRAP in addition to total phenolic and total fla-
vonoid. Percent of free radical scavenging activity using DPPH assay varied 
from 40.84±0.620 to 95.40±0.720% (Table 6). G. talbotii found high percent of 
free radical scavenging activity, whereas G. morella was showing the lowest 

Table 5
Percentage of HCA determined in Garcinia species along with commercial product using 

HILIC-HPLC system
Sr. no. Species Location/origin % of HCA in fruit 

rinds
1 G. gummi-gutta Kadakeri Karnataka 12.44±1.04
2 G. xanthochymus Dapoli, Maharashtra 6.3±0.286
3 G. indica Dive-Agar, Maharashtra 7.92±0.83
4 G. morella Menasi, Karnataka 0.023±0.012
5 G. talbotii Yana, Karnataka 0.083±0.034
6 G. celebica NBPGR, Kerala 0.34±0.013
7 Commercial product – 3.99±0.173
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Fig. 6. Chromatogram of G. gummi-gutta

Fig. 7. Chromatogram of G. xanthochymus 

Fig. 8. Chromatogram of G. indica
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Fig. 9. Chromatogram of G. morella

Fig. 10. Chromatogram of G. talbotii

Fig. 11. Chromatogram of Garcinia celebica
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percent (Fig. 12). In FRAP assay G. talbotii reported high content of antioxidant 
activity (8.48±0.085 µg/ml) slightly more than G. indica which was recorded 
8.45±0.117 µg/ml. The lowest activity was found in G. celebica (0.66±0.040 µg/
ml). Concentration of total phenolic and flavonoids was also higher in the G. 
talbotii; it was 1.35±0.027 µg/ml and 15.14±0.055 µg/ml, respectively. Second 
important species for phenolic and flavonoids contents were G. xanthochymus 
and G. indica. G. xanthochymus found 12.35±0.219 µg/ml of total flavonoids 
and G. indica found 1.23±0.015 µg/ml of total phenolics.

The percent of free radical scavenging activity and amount of total pheno-
lics and flavonoids distributed in the species were graphically presented in Fig-
ure 13. FRAP analysis of antioxidant, total flavonoids and total phenolics were 
approximately the same in G. talbotii, G. indica and G. xanthochymus. UPGMA 

Table 6
Percentage and content of antioxidant activity, total phenolics and total flavonoids

Sr. no. Species Antioxidant activity Total flavo-
noids (µg/

ml)

Total pheno-
lics (µg/ml)% of DPPH 

activity
FRAP con-

tent (µg/ml)
1 G. gummi-gutta 82.54±0.941 3.77±0.185 8.59±0.147 1.22±0.010
2 G. xanthochymus 91.37±0.854 6.59±0.157 12.35±0.219 1.07±0.008
3 G. indica 90.73±0.976 8.45±0.117 11.17±0.075 1.23±0.015
4 G. morella 40.84±0.620 1.76±0.045 3.12±0.067 0.77±0.020
5 G. talbotii 95.40±0.720 8.48±0.085 15.14±0.055 1.35±0.027
6 G. celebica 60.63±0.562 0.66±0.040 2.84±0.056 0.81±0.006

Fig. 12. Comparative graphical analysis of antioxidant activity, DPPH in percentage in six 
Garcinia species
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dendrogram was developed using percentage of acid content and antioxidant 
activity of six Garcinia species. It has shown that three species having less per-
centage of HCA, G. morella and G. celebica were clustered in one group. G. talbot-
ii having less HCA content, but showing antioxidant activity was placed in an-
other cluster with G. xanthochymus, G. indica and G. gummi-gutta, which is a rich 
source of HCA, diverged from these groups (Fig. 14). The principal component 
analysis (PCA), using molecular and phytochemical data, reflects the diverse 
distribution of the Garcinia species on the scatter plot (Fig. 15). The first two 

principal components contribute 
67.34% and 18.90%, respectively, 
making a cumulative contribution 
of 86.24%. The distribution of spe-
cies was similar to those of obtained 
in the UPGMA dendrogram.

DISCUSSION

Population genetician seeks to 
understand how variations found 
in survivorship, fertility, and gene 
flow contribute to changes in al-
lele frequencies within and among 
populations. Researchers developed 
many diverse arrays of chemical and 
molecular tools and made accessible 
for high resolution of diversity stud-
ies among plant species.

Fig. 13. Comparative graphical analysis of FRAP, TFC and TPC in six Garcinia species
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Fig. 14. UPGMA dendrogram of six Garcinia 
species constructed independently based on 
antioxidant activity and hydroxycitric acid 
content variation obtained by HILIC-high-

performance liquid chromatography



Acta Bot. Hung. 63, 2021

21GENETIC AND CHEMICAL DIVERSITY IN GARCINIA

Genetic diversity in Garcinia using molecular markers

The results of the present study, ISSR and RAPD along with EST-SSR 
found to be efficient for genotypes characterisation. During the characteri-
sation of Garcinia species mixture of marker system including dominant, co-
dominant and randomly amplifying were screened down. Until now, the 
characterisation of most important species G. gummi-gutta, G. indica and G. 
mangostana has been relied on RAPD, AFLP and ISSR markers (Mansyah et 
al. 2010, Qosim et al. 2011, Tharachand et al. 2015, Thatte et al. 2012). High per-
cent of polymorphism have been reported at inter and intra species level us-
ing dominant markers. RAPD and ISSR markers are randomly present in the 
whole genome and there are no evidences that these markers were located in 
specific regions (Ferreira and Grattapaglia 1998). It is possible to find them 
in coding or non-coding region where as EST-SSR markers containing both, 
coding and non-coding region. This variation could be due to the differences 
of targeted alleles per locus and their distribution in each species. This is in 
agreement with the previous polymorphism studies in Garcinia where it found 
52 to 96% (Mansyah et al. 2010, Parthasarathy et al. 2013, Priyadevi et al. 2009).

Fig. 15. Two dimensional scatter plot of nine Garcinia species by principal component anal-
ysis using molecular and chemical assays
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Overviewed from all clustering pattern of UPGMA dendrogram, intra-
species relationship among Garcinia species was clearly revealed. G. livingsto-
nei, G. celebica, G. talbotii and G. madruno were closely related while G. xantho-
chymus, G. indica and G. gummi-gutta were diversified from these species. G. 
livingstonei, G. celebica, G. talbotii and G. madruno were sharing some common 
characteristics. Flowers arise in axillary and terminal position. Leaves are usu-
ally egg- or lance-shaped, simple and oppositely arranged, veins are promi-
nent with coriaceous leaf texture, whereas G. indica and G. gummi-gutta have 
smooth leaf surface. G. celebica, G. madruno and G. talbotii have weakly lobes 
fruit stigma, while stigma lobes are completely divided into rays in G. gummi-
gutta and G. indica. Ovary in G. gummi-gutta and G. indica is more than five 
locules. G. indica and G. gummi-gutta are indigenous species and distributed 
strictly to the Western Ghats. From the current study supported by the mor-
phological characters and origin and distribution of species, it was confirmed 
that cluster dispersion of G. indica and G. gummi-gutta from other species and 
they were placed in Section Brindonia (Jones 1980, Parthasarathy et al. 2013, 
Shameer et al. 2019, Singh 2009). Sobir et al. (2011) found the same results of 
clustering in Garcinia species from Indonesia. Two species namely G. celebica 
and G. xanthochymus utilised in present study were placed in different groups, 
Section Garcinia and Section Xanthochymus, respectively (Saleh 2006).

Similarity matrix using all the marker data found, it was ranging from 
0.097 to 0.261. G. indica and G. gummi-gutta were least similar with G. livingsto-
nei; it was 0.097 and 0.102, respectively. G. talbotii and G. celebica were highly 
similar. G. indica and G. gummi-gutta were genetically far removed from all 
accessions studied and that agrees with their unique morphological features 
that distinguish them from the other species evaluated.

Genus Garcinia is characterised by the dioecism of its species. The plants 
are polygamodioecious and seeds are apomictically developed, therefore 
plants are homogenous. However, the high genetic diversity observed may 
have resulted from several events. Richards (1997) well explained the theory 
and reasons behind polymorphism in obligate apomixis. He discussed the 
mechanism of variation found in apomictic species. One of the reasons is high 
ploidy levels that can also trigger the occurrence of mutations causes variabil-
ity. Several previous researchers reported high number of chromosomes in 
genus Garcinia (Ha 1978, Krishnawary and Raman 1949, Richards 1990, Rob-
son and Adams 1968, Tixier 1960).

PIC values and markers index were determined to compare the ability of 
various markers to discriminate species and correct genetic diversity. Mark-
ers with higher PIC values have a greater ability to discriminate the species. 
From above values of PIC it has been clear that all the markers are highly 
informative (0.5 < PIC) and can be employed in genetic diversity of plant spe-
cies. The marker index (MI) represents the efficiency of that marker. The high 
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MI is nothing but the efficiency of marker to simultaneously analyse a large 
number of bands, rather than level of polymorphism (Powell et al. 1996). MI in 
EST-SSR was higher as compared to ISSR and RAPD. Possible reason of that 
is the source ESTs of the EST-SSR loci are homologous to genes with known 
roles in resistance, secondary/hormone metabolism and flower development, 
or translation initiation factor. Some of them, or their related genes, are poten-
tial candidate genes for adaptation to local climate (Lalagüe et al. 2014, Yoder 
et al. 2014). Candidate genes for adaptation to climate gradients have higher 
genetic diversity than non-candidate genes by a number of loci-climate as-
sociation studies (Pierro et al. 2016, Pluess et al. 2016, Sork et al. 2016). Current 
study made it clear that genetic diversity is very high and the values of Nei 
were slightly higher than for dicotyledons (0.165), long-lived perennial plants 
(0.180), widespread (0.183) (Hamrick and Godt 1996). It also revealed a high 
level of genetic variation at the species level. For all the cumulative marker 
data, Percent of polymorphic loci was 92.06%, which denotes the efficiency of 
this combined approach of molecular markers. Datta et al. (2016) revealed effi-
ciency of combined marker system (ISSR, RAPD and SSR) in chick pea and pi-
geon pea, and reported high percentage of polymorphism in all the markers.

Principal Component analysis is one of the most practically statistical 
tools for screening multivariate data with significantly high correlation. The 
PCA was taken into consideration to determine the consistency of the dif-
ferentiation among the species defined by the cluster analysis. The analysis 
found that, the first two principal components accounted for major role in 
separating species. The PCA analysis of nine Garcinia species supported the 
results of clustering. It showed multiple dimensions of the distribution of the 
genotypes in a scatter plot. Separation of the species to their respective clus-
ters as well as PCA was observed for all the three markers with the exception 
of few rearrangements. The Mantel test found a positive correlation between 
genetic distances with statistically significant for each of the three marker sys-
tems used independently.

Chemical diversity

Determination of HCA: According to the functional groups in the HCA, it 
is found in an alpha, beta di-hydroxy tri-carboxylic acid and therefore it eas-
ily lactonises to the corresponding lactones (Lewis and Neelakantan 1965). 
In earlier methods, determination of HCA using HPLC and LC-MS, the acid 
content in G. gummi-gutta was ranging from 16 to 55% (Jayaprakasha and Sa-
kariah 1998, Upadhyay et al. 2013), where in another study it was reported 
only 5.98 from the fruit rinds (Ashish et al. 2008). In the studies on G. indica it 
was ranging from 5.05 to 19% (Ashish et al. 2008, Jayaprakasha and Sakariah 
2002, Kumar et al. 2013). North-east species, G. oblongifolia contains 10.13 to 
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18.59% of HCA, where as in G. xanthochymus reported acid content was only 
0.07% (Asish et al. 2008, Dang et al. 2011). To verify this method, we compared 
the HCA content obtained by current method with the reported HCA content. 
Though the percentage of HCA determined in G. gummi-gutta and G. indica is 
less as compared with some reported methods but resolution of picks is very 
good and retention time is longer than the previous methods. This is the first 
time we are reporting the high HCA content in G. xanthochymus, which can be 
an alternate standard protocol for all types of Garcinia species.

Here, to study the interspecies variation of HCA, the attempt was made 
on three endemic species of Garcinia, G. talbotii, G. morella and G. celebica 
whose HCA determination had not been previously reported as well as the 
processed market sample for the comparison of acid content. From all the 
studies, it may be confirmed that fruit rinds are the major source of HCA. 
This method proved to be highly reliable, rapid and sensitive for organic acids 
estimation. The HCA profile in genus Garcinia is vital as a chemical marker for 
the genus and the content of it specifically demonstrated significant polymor-
phism at species level. Also, the complex taxonomic issues can be resolved 
in genus Garcinia with HCA profiling. Use of HCA profile would have to be 
universal and convenient to determine. The compilation of HCA from the six 
different species along with one market product analysed here provides an 
example of multidisciplinary approach.

Determination of antioxidant activity: The antioxidant activity found in Gar-
cinia species has quite a similar tendency to the results of genetic analysis and 
hydroxycitric acid content. We found the antioxidant activity of G. talbotii is 
much more than the G. indica, G. gummi-gutta and G. xanthochymus. High con-
tent of phenolics and flavonoids was also found in G. talbotii. G. gummi-gutta 
and G. indica have been considered as the good source of the antioxidant as their 
fruits are in general use, but the G. talbotii contains high free radical scaveng-
ing activity. In earlier reports maximum scavenging activity of G. gummi-gutta 
found 49% where in another water extract it was reported 36.20% (Ranjani et al. 
2014; Subhashini et al. 2011). Total phenolics and flavonoids in G. gummi-gutta 
were quite higher than the current findings (Subhashini et al. 2011). G. celebica 
showed less antioxidant activity and content of total phenolics and flavonoids 
as compared to other species. Elya et al. (2012) reported methanolic extract of 
G. celebica leaves was showing high antioxidant activity. The results of antioxi-
dant activity and content of total phenols and flavonoids showed significant 
(p < 0.05) variation among the Garcinia species. To the best of our knowledge 
there are no reports evaluating such variability at the species level.

Correlation between genetic diversity and chemical diversity: In current study 
it has been cleared that genetic diversity among Indian Garcinia species deter-
mined the phytochemical profile. We found considerable variation exists in the 
HCA composition and antioxidant activity, which is consistent with the genet-
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ic clustering of the species. HCA and free radical scavenging activity showed 
positive correlation with molecular data (r = 0.112 and 0.59, and 0.938) (P < 
0.01). Clustering results of all the markers with cumulative data corroborate 
the cluster analysis performed on HCA content and antioxidant activity assay. 
Even after clustering of the six species based on HCA and antioxidant activity, 
G. gummi-gutta, G. indica and G. xanthochymus were being isolated. Interesting-
ly the results of cluster analysis using cumulative data of all the markers were 
found similar to clustering of using content of HCA and antioxidant. Chemical 
variation in this group of compounds has been used to define intra- and inter-
specific variability in a variety of plant species and grouping of plants. These 
results confirm that the genetically directed production of HCA, phenols and 
flavonoids were correlated in the Garcinia species and could be possible alter-
native for grouping the species taxonomically. Molecular markers have been 
successfully employed for the identification of herbal drugs (Ganie et al. 2012, 
Heubl 2010, Irshad et al. 2009, Rivera-Arce et al. 2007, Rout 2006). Though the 
combined study on molecular and chemical characterisation is rare in case of 
medicinal plants, there are some reports made available where both the tech-
niques have been taken into consideration for chemical and molecular profil-
ing (Böszörményi et al. 2009, Han et al. 2008). It suggests that species in the 
same grouping may have similar routes of biosynthesising secondary com-
pounds, which results in activation of similar genes.

Currently the results are allowing us to establish a reliable relationship 
between molecular markers and certain phytochemical traits, such approach 
of molecular biology is needed to be used to evidence specific markers. This 
work will support future studies on the genetic and chemical evaluation of 
Garcinia species belonging to the family Clusiaceae, which should include a 
large number of species so that a more complete study of the chemical, genetic 
and taxonomic diversity can be performed. Thus the molecular markers are 
essential in the characterisation of the genetic diversity of Garcinia species de-
spite the agronomical and chemical characteristics that distinguish and group 
genotypes. Moreover, the combined information will reflect applicability of 
molecular markers in assessing diversity at chemical level. The molecular 
data obtained in this study is very important, as they identify the diversity 
present in the Garcinia species in addition to separating the species into two 
genetically and chemically distinct groups, which can be used in the further 
selection of breeding programs of this genus. The results of polymorphism 
could provide information regarding genetic structure and distribution of the 
Garcinia species and further help to make an effective conservation strategy 
for the breeding purposes. Regarding the method development of HCA, ap-
plication demonstrates that extremely polar compounds can be retained us-
ing HILIC columns. In addition, it also suitable for compounds that require 
detection at a low wavelength.



Acta Bot. Hung. 63, 2021

26 ANERAO, J., SHARANGI, G., JHA, V., PARDHI, V. et al.

*

Acknowledgements – This work is supported by the Science and Engineering Research 
Board, Department of Science and Technology, New Delhi, Government of India, SERB 
Sanction Order No and date: SB/YS/LS-25/2014. We also give special thanks to Karnataka 
Forest Department Bangalore, DCF office Honnavar and Sirsi, Siddhapura permitted for 
collection of samples, NBPGR, Kerala for providing samples; Merck India Global Applica-
tion Centre, Mumbai for development and validation of HPLC method.

Authors’ contributions: JA, ND, GS, KM designed the study; JA, VJ, VP and CS con-
ducted lab experiments; JA and GS performed the HPLC method development. JA, ND 
and KM analysed the data; JA and ND wrote the manuscript, and JA as Principle Investiga-
tor, supervised the research project.

REFERENCES

Abraham, Z., Malik, S. K., Rao, G. N. and Biju, S. L. (2006): Collection and characterisation 
of Malabar tamarind (Garcinia cambogia (Gaertn.) Desr.). – Genet. Resour. Crop Evol. 
53: 401–406. https://doi.org/10.1007/s10722-004-0584-y

Anerao, J., Jha, V. and Desai, N. (2016a): Optimization of DNA extraction methods from 
Garcinia species for ISSR-PCR, RAPD-PCR and DNA barcoding. – Asian J. Biotechnol. 
9: 35–42. https://doi.org/10.3923/ajbkr.2017.35.42

Anerao, J., Jha, V., Korgaonkar, L., Devi, S. P. and Desai, N. (2016b): Dissecting genetic 
diversity in Garcinia xanthochymus using ISSR and RAPD markers. – J. Plant Breed. 
Gen. 4(03): 69–76.

Ashish, G. R., Parthasarathy, U., Zachariah, T. J., Gobinath, P., Mathew, P. A., George, J. K. 
and Saji, K. V. (2008): A comparative estimation of (-) hydroxycitric acid in different 
species of Garcinia. – The Hort. J. 21(1): 26–29.

Ashton, P. S. (1988): Systematics and ecology of rain forest trees. – Taxon 37: 622–629. htt-
ps://doi.org/10.2307/1221104

Bassam, B. J. and Gresshoff, P. M. (2007): Silver staining DNA in polyacrylamide gels. – 
Nature Protoc. 2: 2649–2654. https://doi.org/10.1038/nprot.2007.330

Bennett, G. J. and Lee, H.-H. (1989): Xanthones from Guttiferae. – Phytochemistry 28: 967–
998. https://doi.org/10.1016/0031-9422(89)80170-0

Benzie, I. F. and Szeto, Y. T. (1999): Total antioxidant capacity of teas by the ferric reducing/
antioxidant power assay. – J. Agric. Food Chem. 47(2): 633–636. https://doi.org/10.1021/
jf9807768

Böszörményi, A., Héthelyi, É., Farkas, Á., Horváth, Gy., Papp, N., Lemberkovics, É. and 
Szőke, É. (2009): Chemical and genetic relationships among sage (Salvia officinalis L.) 
cultivars and judean sage (Salvia judaica Boiss.). – J. Agric. Food Chem. 57: 4663–4667. 
https://doi.org/10.1021/jf9005092

Dang, Q. V., Dao, H. C. and Nguyen, T. (2011): Extracting (-)-hydroxycitric acid from dried 
rinds of Garcinia oblongifolia Champ. ex Benth by using microwave. – J. Korean 
Chem. Soc. 55(6): 983–987. https://doi.org/10.5012/jkcs.2011.55.6.983

Datta, S., Prasoonpal, G., Kaashyap, M. and Kumar, S. (2016): Genetic diversity analysis of 
lentil (Lens culinaris Medik.) cultivars using inter simple sequence repeats markers. 
– Mol. Plant Breed. 7(23): 1–9. https://doi.org/10.5376/mpb.2016.07.0023

Elya, B., Munim, K. A., Hashiholan, A., Marlin, L. and Mailandari, M. (2012): Antioxidant 
activities of leaves extracts of three species of Garcinia. – Int. J. Med. Aroma. Plants 
2(4): 691–693.



Acta Bot. Hung. 63, 2021

27GENETIC AND CHEMICAL DIVERSITY IN GARCINIA

Ferreira, M. E. and Grattapaglia, D. (1998): Introdução ao uso de marcadores moleculares em 
análise genética. 3. ed. – Embrapa-Cenargen, Brasília, 220 pp.

Ganie, S. H., Srivastava, P. S., Narula, A. and Ali, Z. (2012): Authentication of shankh-
pushpi by RAPD markers. – Eurasia J. Biosci. 6: 39–46. https://doi.org/10.5053/ejo-
bios.2012.6.0.5

Ha, C. O. (1978): Embryological and cytological aspects of the reproductive biology of some under-
storey rainforest trees. – Dissertation, University of Malaya, Kuala Lumpur.

Hammer, Ų, Harper, D. A. T. and Ryan, P. D. (2001): PAST: Paleontological statistics soft-
ware package for education and data analysis. – Palaeontol. Electron. 4(1): 9.

Hamrick, J. L. and Godt, M. J. W. (1996): Effects of life history traits on genetic diversity 
in plant species. – Phil. Trans. R. Soc. Lond. B 351: 1291–1298. https://doi.org/10.1098/
rstb.1996.0112

Han, T., Hu, Y., Zhou, S. Y., Li, H. L., Zhang, Q. Y., Zhang, H., Huang, B. K., Rahman, K., 
Zheng, H. C. and Qin, L. P. (2008): Correlation between the genetic diversity and 
variation of total phenolic acids contents in Fructus Xanthii from different popula-
tions in China. – Biomed. Chromatogr. 5: 478–486. https://doi.org/10.1002/bmc.956

Hart, C. and Cock, I. E. (2016): An examination of the antimicrobial and anticancer proper-
ties of Garcinia cambogia fruit pericarp extracts. – BEMS Rep. 2(2): 55–63.

Hassan, S. H. A., Fry, J. R. and Bakar, M. F. A. (2013): Phytochemicals content, antioxidant 
activity and acetylcholinesterase inhibition properties of indigenous Garcinia parvi-
folia fruit. – BioMed Res. Int. 2013: 1–7. https://doi.org/10.1155/2013/138950

Heubl, G. (2010): New aspects of DNA-based authentication of Chinese medicinal plants 
by molecular biological techniques. – Planta Med. 76(17): 1963–1974. https://doi.
org/10.1055/s-0030-1250519

Heymsfield, S. B., Allison, D. B., Vasselli, J. R., Pietrobelli, A., Greenfield, D. and Nunez, 
C. (1989): Garcinia cambogia (hydroxycitric acid) as a potential antiobesity agent. – 
JAMA 280(18): 1596–1600. https://doi.org/10.1001/jama.280.18.1596

ICH (2005): International Conference on Harmonization of technical requirements for registration 
of pharmaceuticals for human use (ICH) Q2 (R1): Validation of analytical procedures text and 
methodology. – http:// www.ich-org.

Irshad, S., Singh, J., Kakkar, P. and Mehrotra, S. (2009): Molecular characterization of 
Desmodium species, an important ingredient of ‘Dashmoola’ by RAPD analysis. – 
Fitoterapia 80(2): 115–118. https://doi.org/10.1016/j.fitote.2008.11.004

Jayaprakasha, G. K. and Sakariah, K. K. (1998): Determination of organic acids in Garcinia 
cambogia (Desr.) by high-performance liquid chromatography. – J. Chromatogr. A 
806: 337–339. https://doi.org/10.1016/s0021-9673(98)00054-5

Jayaprakasha, G. K. and Sakariah, K. K. (2000): Determination of (-) hydroxycitric acid in 
commercial samples of Garcinia cambogia extract by liquid chromatography with 
ultraviolet detection. – J. Liquid Chromatogr. Related Technol. 23(6): 915–923. https://
doi.org/10.1081/jlc-100101498

Jayaprakasha, G. K. and Sakariah, K. K. (2002): Determination of organic acids in leaves 
and rinds of Garcinia indica (Desr.) by LC. – J. Pharm. Biomed. Anal. 28: 379–384. htt-
ps://doi.org/10.1016/s0731-7085(01)00623-9

Jayaprakasha, G. K., Jena, B. S. and Sakariah, K. K. (2003): Improved liquid chromatograph-
ic method for determination of organic acids in leaves, pulp, fruits, and rinds of Gar-
cinia. – J. AOAC Int. 86(5): 1063–1068. https://doi.org/10.1093/jaoac/86.5.1063

Jena, B. S., Jayprakasha, G. K. and Sakariah, K. K. (2002): Organic acids from leaves, 
fruits and rinds of Garcinia cowa. – J. Agric. Food Chem. 50: 3431–3434. https://doi.
org/10.1021/jf011627j



Acta Bot. Hung. 63, 2021

28 ANERAO, J., SHARANGI, G., JHA, V., PARDHI, V. et al.

Jones, S. W. (1980): Morphology and major taxonomy of Garcinia (Guttiferae). – PhD Thesis, 
University of Leicester, Unpublished.

Jugran, A., Rawat, S., Mondal, S., Bhatt, I. D. and Rawal, R. S. (2012): Association of ISSR 
markers with some biochemical traits of Valeriana jatamansi Jones. – Industr. Crops 
Prod. 44: 671–676. https://doi.org/10.1016/j.indcrop.2012.09.004

Jung, H. A., Su, B. N., Keller, W. J., Mehta, R. G. and Kinghorn, A. D. (2006): Antioxidant 
xanthones from the pericarp of Garcinia mangostana (Mangosteen). – J. Agric. Food 
Chem. 54: 2077–2082. https://doi.org/10.1021/jf052649z

Krishnawary, N. and Raman, V. S. (1949): A note on the chromosome numbers of some 
economic plants of India. – Curr. Sci. 18(10): 376–378.

Kumar, S., Sharma, S. and Chattopadhyay, S. K. (2013): Rapid and sensitive HPLC-PDA 
method for simultaneous identification and quantification of dietary weight reduc-
ing compound hydroxy citric acid lactone and chemo preventive compounds iso
xanthochymol and xanthochymol in Garcinia indica. – Int. Food Res. J. 20(1): 397–402.

Kumar, M., Kim, S. R., Sharma, P. C. and Pareek, A. (2015): Simple and efficient way to 
detect small polymorphic bands in plant. – Genomics Data 5: 218–222. https://doi.
org/10.1016/j.gdata.2015.06.006

Lalagüe, H., Csilléry, K., Oddou-Muratorio, S., Safrana, J., de Quattro, C., Fady, B., 
González-Martínez, S. C. and Vendramin, G. G. (2014): Nucleotide diversity and link-
age disequilibrium at 58 stress response and phenology candidate genes in a Euro-
pean beech (Fagus sylvatica L.) population from southeastern France. – Tree Genetics 
& Genomes 10: 15–26. https://doi.org/10.1007/s11295-013-0658-0

Lewis, Y. S. and Neelakantan, S. (1965): (−)-Hydroxycitric acid: the principal acid in the 
fruits of Garcinia cambogia. – Phytochemistry 4: 619–625. https://doi.org/10.1016/
s0031-9422(00)86224-x

Louh, G. N., Meli Lannang, A., Mbazoa, C. D., Tangmouo, J. G. and Komguem, J. (2008): Po
lyanxanthone A, B and C, three xanthones from the wood trunk of Garcinia polyantha 
Oliv. – Phytochemistry 69: 1013–1017. https://doi.org/10.1016/j.phytochem.2007.10.002

Mansyah, E., Sobir-Santoso, E. and Poerwanto, R. (2010): Assessment of inter simple se-
quence repeat (ISSR) technique in mangosteen (Garcinia mangostana L.) grown in 
different Sumatra region. – J. Hortic. For. 2(6): 127–134.

Meli Lannang, A., Louh, G. N., Biloa, B. M., Komguem, J. and Mbazoa, C. D. (2010): Cyto-
toxicity of natural compounds isolated from the seed of Garcinia afzelii Engl. (Gut-
tiferae). – Planta Med. 76: 708–712. https://doi.org/10.1055/s-0029-1240627

Meli Lannang, A., Louh, G. N., Lontsi, D., Specht, S. and Sarite, S. R. (2008): Antimalarial 
compounds from the root abrk of Garcinia polyantha Olv. – J. Antibiot. 61: 518–523. 
https://doi.org/10.1038/ja.2008.70

Mohan, S., Parthasarathy, U., Ashish, G. R. and Nirmal Babu, K. (2010): Evaluation of ge-
netic stability of micropropagated plants of three species of Garcinia using random 
amplified polymorphic DNA (RAPD) and inter simple sequence repeat (ISSR) mark-
ers. – Indian J. Biotechnol. 11: 341–343.

Mohanan, N., Sabu, T., Rameshkumar, K. B. and Shameer, P. S. (2017): Conservation and 
sustainable utilization of Garcinia species of the Southern Western Ghats. Final Report. – 
Jawaharlal Nehru Trop. Bot. Gard. Res. Inst., Palode, Kerala, India, 44 pp.

Nguyen, H. D., Trinh, B. T. D., Tran, Q. N., Nguyen, H. D., Pham, H. D., Hansen, P. E., 
Duus, F., Connolly, J. D. and Nguyen, D. L. H. (2011): Friedolanostane, friedocycloar-
tane and benzophenone constituents of the bark and leaves of Garcinia benthami. – J. 
Phytochem. 72: 290–295. https://doi.org/10.1016/j.phytochem.2010.11.016



Acta Bot. Hung. 63, 2021

29GENETIC AND CHEMICAL DIVERSITY IN GARCINIA

Parthasarathy, U., Nandakishore, O., Nirmal babu, K., Kumar, S. and Parthasarathy, V. 
(2013): Comparative effectiveness of inter-simple sequence repeat and randomly am-
plified polymorphic DNA markers to study genetic diversity of Indian Garcinia. – 
African J. Biotechnol. 12(46): 6443–6451. https://doi.org/10.5897/ajb2013.13053

Pierro, E. A. D., Mosca, E., Rocchini, D., Binelli, G., Neale, D. B. and Porta, N. L. (2016): Cli-
mate-related adaptive genetic variation and population structure in natural stands of 
Norway spruce in the South-Eastern Alps. – Tree Genetics & Genomes 12: 16. https://
doi.org/10.1007/s11295-016-0972-4

Pluess, A. R., Frank, A., Heiri, C., Lalagüe, H., Vendramin, C. G. and Oddou-Muratorio, 
S. (2016): Genome-environment association study suggests local adaptation to cli-
mate at the regional scale in Fagus sylvatica. – New Phytol. 210: 589–601. https://doi.
org/10.1111/nph.13809

Powell, W., Morgante, M., Andre, C., Hanafey, M., Vogel, J., Tingey, S. and Rafalski, A. 
(1996): The comparison of RFLP, RAPD, AFLP and SSR (microsatellite) markers for 
germplasm analysis. – Mol. Breed. 2: 225–238. https://doi.org/10.1007/bf00564200

Priyadevi, S., Thangam, M., Sadhasivam, V. and Korikanthimat, V. S. (2009): Genetic di-
versity and relationship among Garcinia species in Goa as assessed by RAPD and ISSR. 
– National Symp. on Garcinia Genetic Resources: Linking Diversity, Livelihood and 
Management.

Qosim, W. A., Patarapuwadol, S. and Watanabe, K. N. (2011): Development of SSR markers 
of Mangosteen (Garcinia mangostana L.). – Int. Res. J. Biotechnol. 2: 1–8.

Rama Rao, A. V., Venkatswamy, G. and Pendse, A. D. (1980): Camboginol and cambogin. – 
Tetrahedron Letters 21: 1975–1978. https://doi.org/10.1016/s0040-4039(00)93661-x

Ranjani, R., Khadira, S. A., Priya, N. and Vijayalakshmi, K. (2014): Antioxidant profile of 
the fruit rind of Garcinia cambogia and leaves of Bauhinia variegate, an in vitro in-
vestigation. – Int. J. Pharmac. Res. BioSci. 3(3): 528–538.

Richards, A. J. (1990): Studies in Garcinia, dioecious tropical fruit trees: the origin of 
the mangosteen (G. mangostana L.). – Bot. J. Linn. Soc. 103: 301–308. https://doi.
org/10.1111/j.1095-8339.1990.tb00191.x

Richards, A. J. (1997): Why is gametophytic apomixis almost restricted to polyploids? The 
gametophyte expressed model. – Apomixis news 9: 3–4.

Rivera-Arce, E., Gattuso, M., Alvarado, R., Zárate, E., Agüero, J., Feria, I. and Lozoya, X. 
(2007): Pharmacognostical studies of the plant drug Mimosae tenuiflorae cortex. – J. 
Ethnopharmac. 113: 400–408. https://doi.org/10.1016/j.jep.2007.06.023

Robson, N. K. B. and Adams, P. (1968): Chromosome numbers in Hypericum and related 
genera. – Brittonia 20: 95–106. https://doi.org/10.2307/2805614

Roldán-Ruiz, I., Dendauw, J., Van Bockstaele, E., Depicker., A. and De Loose, M. (2000): 
AFLP markers reveal high polymorphic rates in ryegrasses (Lolium spp.). – Mol. 
Breed. 6: 125–134. https://doi.org/10.1023/A:1009680614564

Rout, G. R. (2006): Identification of Tinospora cordifolia (Willd.) Miers ex Hook. f. & Thom-
as using RAPD markers. – Z. Naturforsch. C 61: 118–122. https://doi.org/10.1515/znc-
2006-1-221

Saleh, M. N. (2006): Taxonomic revision and molecular studies of Garcinia section Garcinia (Gut-
tiferae). – PhD Thesis, University of Edinburgh and Royal Botanic Garden, Edinburgh.

Shameer, P. S., Rameshkumar, K. B. and Mohanan, N. (2019): Diversity of Garcinia species 
in the Western Ghats. – In: Rameshkumar, K. B. (ed.): Diversity of Garcinia species in 
the Western Ghats: phytochemical perspective. Jawaharlal Nehru Trop. Bot. Gard. 
Res. Inst., Palode, Kerala, India, pp. 1–18. https://doi.org/10.25173/978-81-924674-5-0



Acta Bot. Hung. 63, 2021

30 ANERAO, J., SHARANGI, G., JHA, V., PARDHI, V. et al.

Singh, N. (2009): In vitro conservation, ecological mapping with chemical and molecular charac-
terization of Garcinia species occurring in Maharashtra. – PhD Dissertation, Plant Tissue 
Culture Div. National Chemical Laboratory, Pune.

Sobir, Poerwanto, R., Santosa, E., Sinaga, S. and Mansyah, E. (2011): Genetic variability 
in apomictic mangosteen (Garcinia mangostana) and its close relatives (Garcinia 
spp.) based on ISSR markers. – Biodiversitas, J. Biol. Div. 12(2): 59–63. https://doi.
org/10.13057/biodiv/d120201

Sork, V. L., Squire, K., Gugger, P. F., Steele, S. E., Levy, E. D. and Eckert, A. J. (2016): Land-
scape genomic analysis of candidate genes for climate adaptation in a California 
endemic oak, Quercus lobata. – Amer. J. Bot. 103(1): 33–46. https://doi.org/10.3732/
ajb.1500162

Subhashini, N., Nagarajan, G. and Kavimani, S. (2011): In vitro antioxidant and anticho-
linesterase activities of Garcinia cambogia. – Int. J. Pharm. Pharmac. Sci. 3(3):129–132.

Sweeney, P. W. (2008): Phylogeny and floral diversity in the genus Garcinia (Clusiaceae) 
and relatives. – Int. J. Plant Sci. 169: 1288–1303. https://doi.org/10.1086/591990

Tharachand, C., Selvaraj, C. I. and Abraham, Z. (2015): Molecular insights into the genet-
ic diversity of Garcinia cambogia germplasm accessions. – Braz. Arch. Biol. Technol. 
58(5): 765–772. https://doi.org/10.1590/s1516-89132015050197

Thatte, K. S., Khandekar, R. G. and Deodhar, M. A. (2012): Assessment of diversity in Gar-
cinia indica (Dupetit-Thouars.) Choisy, using morphological and molecular markers. 
– J. Trop. Agric. 50: 30–36.

The Plant List (2010): Version 1. – http://www.theplantlist.org/ (accessed 1st January, 2020).
Tixier, P. (1960): Données cytologiques sur quelques Guttiférales récoltées au Laos. – Rev. 

cytol. Biol. veget. 22: 65–70.
Upadhyay, V., Tiwari, A., Sharma, N., Joshi, H. M., Singh, B., Kalakoti, B. S. and Patil, V. 

M. (2013): Rapid determination and standardization of Garcinia fruit extract of hy-
droxycitric acid (HCA) in Garcinia cambogia by HPLC. – Int. J. Pharm. Integr. Life Sci. 
27(1): 25–31.

Varshney, R. K., Chabane, K., Hendre, P. S., Aggarwal, R. K. and Graner, A. (2007): Com-
parative assessment of EST-SSR, EST-SNP and AFLP markers for evaluation of ge-
netic diversity and conservation of genetic resources using wild, cultivated and elite 
barleys. – Plant Science 173: 638–649. https://doi.org/10.1016/j.plantsci.2007.08.010

Yeh, F. C., Yang, R. C., Boyle, T. B. J., Ye, Z. H. and Mao, J. X. (1997): POPGENE, the user-
friendly shareware for population genetic analysis. – Molecular Biology and Biotechnol-
ogy Center, University of Alberta, Edmonton, Alberta, Canada.

Yoder, J. B., Stanton-Geddes, J., Zhou, P., Briskine, R., Young, N. D. and Tiffin, P. (2014): 
Genomic signature of adaptation to climate in Medicago truncatula. – Genetics 196: 
1263–1275. https://doi.org/10.1534/genetics.113.159319

Zhao, J. T., Fu, Y. J., Luo, M., Zu, Y. G., Wang, W., Zhao, C. J. and Gu, C. B. (2012): Endo-
phytic fungi from pigeon pea (Cajanus cajan L.) Mill sp. produce antioxidant cajan-
instilbene acid. – J. Agric. Food Chem. 60: 4314–4319. https://doi.org/10.1021/jf205097y


