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Abstract
Background: Genetic analysis and DNA barcoding technology of plant relies on high yields of pure DNA samples. The DNA barcoding
has the potential to provide an alternative means of estimating species richness without high level expertise in field identification skills
and in a much shorter time frame. Western Ghats of India is one of the mega diversity centres in the world. There are 15 species of
Garcinia reported of which many are endemic in nature. Genus Garcinia store large amounts of phenolics, polysaccharides,
polyphenols, tannins and other metabolites within their leaf tissue making genomic DNA extraction difficult. While many DNA extraction
methods exist that contend with the presence of phenolics and polysaccharides, these methods rely mainly on selection of material.
Materials and Methods: The DNA of G. indica and G. xanthochymus was extracted by using DNAzol® kit, modified SDS and C-TAB
methods. A modified C-TAB and SDS method was optimized for removal of polyphenolics. Results: The protocol developed yielded
2000-2500 ng µLG1 of quality DNA without any impurities as evident by A260/280 ratio ranging from 1.78-1.81 and 260/230 ratio ranging
from 2.15-2.18 for 3 g of the leaf tissue. The extraction of DNA by SDS was most effective from young leaves. In this study the properties
of Triton X in the second purification step to remove lipid and protein component of the cellular membranes has been exploited.
Triton X helps in decreasing the surface tension and along with that it helps in solubilization of nonpolar entities. High Concentration of
LiCl2 (0.5 M) in presence of ethanol helps in salting out of DNA. The resulted genomic DNA showed fine Random Amplified Polymorphic
DNA (RAPD) Inter Simple Sequence Repeat (ISSR) banding pattern. The DNA obtained was also amenable to rbcL barcode gene
amplification of plant. Conclusion: The protocol optimized is reproducible and useful for other members of Garcinia species.
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MATERIALS AND METHODS

INTRODUCTION
The genus Garcinia L., belongs to the family Clusiaceae

Plant material: Fruits and seeds of

(Guttiferae). This family consists of approximately 200 species

G.

indica and

G. xanthochymus were collected from Dapoli and Devrukh
region (Maharashtra state). The seeds obtained were
germinated and plants were mainteind at botanical garden of
G.N. Khalsa college (Mumbai). The GPS locations of collected
samples is given in Table 1. Young leaves of Garcinia plants
were collected prior to extraction of DNA.

throughout the world, among which 36 species occur in India.
The Western Ghats region is considered as a secondary center
of origin for Garcinia species, where 6 species are endemic to
Western Ghats1. Prominent characteristics of genus Garcinia
are monopodial growth, coriaceous texture of leaves, oil
glands or cavities containing yellow or bright coloured resins
present in all parts of the plants and polygamodioecious

Extraction of DNA

nature. Garcinia mangostana is known as the queen of fruits

DNA extraction by plant DNAzol® kit: DNAzol® involves a

and is well studied for morphological variability, flowering

single extraction buffer that solubilizes all cellular components
and allows selective precipitation of DNA in the presence of
ethanol. The first protocol used a commercially available plant
DNAzol® kit and the manufacturerʼs instructions were
followed. Briefly 3 g of G. indica, G. xanthochymus and onion
peels were taken as control and ground in 9 mL of DNAzol® kit
buffer. The samples were incubated at 60EC for 1 h. Equal
volume of chloroform was added and mixed with it properly.
The samples were centrifuged at 10,000 rpm for 10 min. The
supernatant was separated and the step was repeated.
Chloroform washing helps in removal of contaminants. The
upper aqueous layer was then separated and chilled ethanol
was added to precipitate the DNA. The samples were kept in
-20EC for 45 min. After precipitation of DNA, the samples were
centrifuged and the supernatant was discarded. The pellet
was given a wash with 70% ethanol and centrifuged at
10,000 rpm for 10 min. Finally absolute ethanol was added
and centrifuged at 10,000 rpm for 10 min. The pellet was kept
for drying at 42EC and then resuspended in 50 µL of TE buffer.

method, fertilization and fruit variation2. Garcinia atroviridis
is a well-studied endemic species of Malaysia3.
Genetic studies give direct knowledge of the gene
variations at intergeneric as well as intrageneric level.
Molecular markers provide an opportunity for direct
comparison and identification of different genetic material. To
see this variation, DNA isolation protocols need to be
optimized. Extraction and isolation of pure and high quality
DNA is essential for any molecular studies, however, DNA
extraction from any tree species is usually compromised
becuase of excess amounts of polyphenols, tannins and other
secondary metabolites. So, the DNA isolation methods have to
be optimized for each plant species and their components
because of the presence of these secondary metabolites4.
These compounds always interfere with DNA isolation and its
purity5. To date, various DNA isolation protocols have been
reported including kit based methods, still DNA isolation is a
challenge for many plant species.
An ideal extraction technique should optimize the DNA
yield, minimize DNA degradation and be efficient in terms of

DNA extraction by C-TAB (Cetyl-trimethyl ammonium

cost, time, labor and supplies. It must also be suitable for

bromide) protocol: The DNA extraction procedure was

extracting multiple samples and generate minimal hazardous

performed according Doyle and Doyle6 method with slight
modifications. The G. indica, G. xanthochymus and onion
peels weighing 3 g were homogenized in 9 mL of C-TAB buffer
and incubated at 60EC for 1 h. After 1 h the samples were
centrifuged at 10,000 rpm for 10 min. The supernatant was
treated with equal volume of chloroform:isoamyl alcohol
(24:1) and centrifuged at 10,000 rpm for 10 min. The above
step was repeated to increase the level of purity. The aqueous

waste.
Present study deals with solving this issue by isolating the
total genomic DNA from young leaves of Indian Garcinia
species. The method described herein given an optimized
protocol for isolation of high quality of genomic DNA, free of
contamination. This study also provides RAPD-PCR, ISSR-PCR
and barcoding studied in G. indica, G. xanthochymus.
Table 1: Details of collection sites and its geographical locations of Garcinia species
Species name
Location
Garcinia indica
Devrukh, Maharashtra

Garcinia xanthochymus

Dapoli, Maharashtra

36

Latitude/longitude
17º 45' 13.65'' N
73 º 10' 56.09'' E
10 º 33' 5.32'' N
76 º 16' 30.60'' E

Sea level (m)
182
33
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Table 2: RAPD, ISSR and rbcL primers used for amplification of DNA

layer was aliquoted and used for precipitation of DNA by

Primer

adding two volumes of chilled ethanol. The samples were

Sequences

Temperature (EC)

RAPD

incubated at -20EC for 45 min and centrifuged at 10,000 rpm
for 10 min. The pellet was washed with 70% ethanol and
centrifuged at 10,000 rpm for 10 min. The pellet obtained was
washed with absolute ethanol and centrifuged at 10,000 rpm
for 10 min. The pellet was kept for drying at 42EC and
resuspended in 50 µL of TE buffer.

RP2
RP4
ISSR

AACGCGTCGG
AATCGCGCTG

32
32

M10
rbcL

CACACACACACAAGG

52

Forward
Reverse

ATGTCACCACAAACAGAG
GTAAAATCAAGTCCACCRCG

58
58

peaks of the extracted DNA. The DNA was visualized by
running on 0.8% Agarose gel stained with 0.1 µg mLG1
ethidium bromide.

DNA extraction by SDS (Sodium dodecyl sulphate) protocol:
The SDS method reported by Dellaporta et al.7 with slight
modifications was performed on G. indica, G. xanthochymus
and onion peels. About 3 g of fresh leaflets were ground in

PCR amplification: The PCR was carried out in 25 µL volume

9 mL of SDS extraction buffer. The mixture was incubated at

reaction mixture. The reaction mixture contained 100 ng of
DNA template, 2.5 U Taq polymerase enzyme (Thermofischer),
0.2 mM dNTPs, 2.5 mM MgCl2, 1X Taq DNA polymerase buffer
and 0.5 µM primers (Euroffins, India). For Inter Simple
Sequence Repeats (ISSR) and Random Amplification of
Polymorphic DNA (RAPD) primers (Table 2), the DNA was
amplified using the following conditions with initial
denaturation at 95EC for 5 min, followed by 45 cycles of
denaturation at 94EC for 1 min, annealing temperature at
32EC for RAPD and 52EC for ISSR for 1 min and extension at
72EC for 1 min followed by final extension at 72EC for 7 min.
For DNA barcoding primer rbcL (ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit, 613 bp amplicon
length) the PCR set up was as follows. Initial denaturation at
95EC for 5 min, followed by 35 cycles of denaturation at 94EC
for 1 min, annealing temperature at 58EC for 1 min and
extension at 72EC for 1 min followed by final extension at 72EC
for 10 min. The PCR products were separated on 2% agarose
gel stained with 0.1 µg mLG1 ethidium bromide, using 1X TAE
buffer.

60EC for 1 h. Then the samples were centrifuged at 10,000 rpm
for 10 min and the supernatant was treated with equal
volumes of chloroform:isoamyl alcohol twice to get a clear
interface. The mixture was centrifuge at 10,000 rpm for 10 min.
The supernatant was transferred into a new tube and double
volumes of chilled absolute ethanol was added to it. The
samples were kept for incubation at -20EC for 45 min to allow
the DNA to precipitate and later centrifuged at 10,000 rpm at
4EC for 10 min. The DNA pellet was given a wash with 70%
ethanol and centrifuged at 10,000 rpm for 10 min. The wash
with absolute ethanol was repeated and the pellet was kept
for drying at 42EC. Once dried, the pellet was resuspended in
50 µL TE buffer.
Purification of DNA: The resuspended DNA samples were
pooled in a single eppendorf tube for each species. The
0.1 µg mLG1 RNAse A was added in each sample tube to
remove RNA contamination. The tubes were kept for
incubation at 55EC for 30 min 1X Triton X was added from 10X
stock solution. The solution was mixed gently and treated with

RESULTS

equal volume of chloroform. The solution was centrifuged at
4EC for 10 min at 10,000 rpm. The aqueous phase was

Selection of the material: Selection of the leaf tissue is very

aliquoted and 1/10th of 5 M LiCl2 along with 1 mL of chilled

important for DNA extraction from woody tree species. In this

ethanol was added into it. The DNA appeared in white spool.

study, the leaf tissue was harvested from very young seedlings

The solution was kept for incubation at -20EC for 45 min and

and used for DNA extraction because fresh, tender leaf tissue

later centrifuged at 10,000 rpm for 10 min. The pellet was

was preferable as they contain less polyphenols and

given a wash with 70% ethanol followed by a wash with

terpenoids than mature tissue8. Generally, mature plant tissues

absolute ethanol and kept for air drying. After drying, the

of are not preferred for DNA extraction mainly due to the

pellet was resuspended in 50 µL TE buffer.

presence of high polysaccharides, polyphenols and other
secondary metabolites9,10.

Quantification

and

visualization

of

DNA:

The

concentration and purity of DNA was checked on Nanodrop

DNA yield and quality: The extraction method had a

spectrophotometer. The absorbance at 260 nm showed sharp

significant effect on DNA yield (Table 3). The DNA extracted
37
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(a)

(b)

(c)

(d)

Fig. 1(a-d): Color of the DNA pellet of G. xanthochymus extracted from different protocols, (a) Plant DNAzol® kit, (b) SDS buffer,
(c) C-TAB buffer and (d) After purification of LiCl2
Table 3: Comparison of DNA quality (260/280) obtained by three extraction methods and purification
Methods

Species

Plant DNAzol® kit

Onion

G. indica
G. xanthochymus
C-TAB method

SDS method

After purification

Onion

DNA yield (ng µLG1)

Ratio of absorbance (260/280)

Ratio of absorbance (260/230)

Color of the pellet

573

1.33

0.81

White

1386

1.54

0.66

White

2139

1.11

0.66

Green

10

1.74

0.37

White

9

1.78

0.38

White

G. indica
G. xanthochymus

2439

1.53

0.95

White

Onion

1160

1.14

0.46

White

G. indica
G. xanthochymus

2148

1.80

0.95

White

2850

0.99

0.73

Brown

914

1.91

1.97

Colorless

2140

1.78

2.15

Colorless

2212

1.81

2.18

Colorless

Onion

G. indica
G. xanthochymus

by the SDS method was significantly higher than those

due to its viscous nature, inhibiting the activity of Taq

obtained by C-TAB and plant DNAzol® kit. The SDS method

polymerase and also affect the activity of restriction

was most suitable for G. indica and onion and the color of the

enzymes13. The G. xanthochymus had very sturdy and hard

pellets were white. The DNA of G. xanthochymus extracted

leaves in earlier stage but G. indica had tender leaves and gave

by SDS and kit method showed colored pellets containing

white color DNA pellet.

high amount of polyphenol, polysaccharides and protein

In both the protocols, we have tried to remove the cellular

contamination (Fig. 1a, b). The color of the pellet was because

membrane with SDS and C-TAB buffer. Both these reagents

of leaf material. Hence, C-TAB method was most suitable

are mild detergents and hence surfactants. The SDS is also

for G. xanthochymus as the purity of DNA was higher than

chaotropic in nature which aids in disrupting proteins. The

compared to other methods after purification with LiCl2

quantity and quality of DNA extracted by three different

(Fig. 1c, d). The phenolic compounds get oxidized and

methods, significantly varied among the plant species tested

irreversibly bind to nucleic acids and various proteins at

(Fig. 2). The DNA yield by the SDS method was significantly

the time of tissue homogenization11,12. High content of

higher than those obtained by the C-TAB method and plant

polysaccharides make amplification of DNA difficult in the PCR

DNAzol® kit.
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Fig. 3: RAPD fingerprints for G. xanthochymus samples
extracted and purified using modified C-TAB protocol
with RP2 primer, loading sequence: Lane 1: 100 bp
ladder, Lane 2-7: G. xanthochymus populations
Fig. 2: DNA extracted from onion, G. xanthochymus and
G. indica by different methods on 0.8% agarose gel.
1: 1 kb ladder, Lane 2-4: DNA extracted from onion,
G. indica and G. xanthochymus, respectively by plant
DNAzol® kit, Lane 5-7: DNA extracted from onion,
G. indica and G. xanthochymus by C-TAB method,
Lane 8-10: DNA extracted from onion, G. indica and
G. xanthochymus by SDS method

polyphenolic compounds16 and these phenolic compounds
hamper biochemical and molecular studies in Garcinia. Due
to difficulties in isolation of pure DNA these polyphenols get
oxidised resulting in quinonic compounds that cause
browning of DNA preparations17.
The RAPD, ISSR and rbcL primers were successful in the
amplification of DNA from G. xanthochymus, extracted by
C-TAB method and G. indica extracted by the SDS method,
indicating that these two methods were good and were

In both the protocol development, we have tried to
exploit the properties of triton X in the second purification
step to remove lipid and protein component of the cellular
membranes. Triton X helps in decreasing the surface tension
and along with that it helps in solubilization of non-polar
entities. High concentration of LiCl2 (0.5 M) in presence of
ethanol helps in salting out of DNA.
In this study, higher yield of DNA was obtained from
G. indica using the SDS method, probably because the
young seedlings contained less secondary metabolite and for
G. xanthochymus, C-TAB was the most preferable method.
The lowest DNA yield was obtained by the method reported
by Doyle and Doyle6 from G. indica and onion. The DNA
extracted using these three methods were visualized on 0.8%
agarose gel presented in Fig. 2. As compared to the kits SDS
method showed relatively light smears, indicating less DNA
degradation.

giving sufficient quality of DNA for PCR amplification. On
amplification using RAPD primer the isolated DNA showed
high intensity bands (Fig. 3). The method is simple and can be
worked out using in house compounds. We have also tried
modified protocols of C-TAB and SDS with LiCl2 treatment
for purification of DNA. The purity of the extracted DNA was
excellent as evident by A260/A280 ratio ranging from
1.78-1.91 and A260/A230 ratio was above 2, suggesting that
the preparations were sufficiently free of proteins and
polyphenolics or polysaccharide compounds (Table 3). Clear
banding patterns were observed in the RAPD (Fig. 3, 4) and
ISSR study (Fig. 5). The extracted DNA was also amenable for
amplification of plant barcode genes as evident in Fig. 6.
The successfully amplified barcode gene sequences were
purified, sequenced and submitted to GenBank (Accession No.
KX291003 and KX522652). Figure 6 shows amplification of
rbcL gene in Garcinia species. Impure DNA samples shows

PCR amplification of RAPD, ISSR and rbcL primers: The PCR

presence of smearing on the gel after amplification. Such

is considered one of the most efficient modes of indexing14.
High quality of DNA is the most essential factor for a successful
amplification by PCR15. Isolation of highly purified plant DNA
is difficult, particularly from plants like Garcinia with high

impure DNA may be the cause for generating mix data and
poly tail stretches

of nucleotides

during sequencing.

Fresh and young leaf materials are the first choice to obtain
good quality DNA. As, mature leaves contain higher quantities
39
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Fig. 4: RAPD fingerprints for G. indica samples extracted and
purified using modified SDS protocol with RP4 primer,
loading sequence: Lane 1: 100 bp ladder, Lane 2-8:

G. indica populations
Fig. 6: Amplification of rbcL barcode primer on Garcinia
1

2

3

4

5

species, loading sequence: Lane 1: 100 bp ladder,
Lane 2 and 3: G. indica, Lane 4: G. xanthochymus,
respectively

1500

nucleotide poly tail stretch in between the sequences. So, it

1000

may be an issue of DNA template. No inhibition of Taq DNA

500

polymerase activity was observed in this study. Repeated
chloroform:isoamyl alcohol treatment ensured removal of
chlorophyll, pigments and dyes. This protocol could also be

100

useful in other plant species with high polyphenols and
polysaccharides.
Fig. 5: ISSR fingerprints for G. xanthochymus samples

DISCUSSION

extracted and purified using modified C-TAB protocol
with primer M10, loading sequence: Lane 1: 100 bp

The importance of Garcinia species as fruit trees is well

ladder, Lane 2-5: G. xanthochymus populations

recognized although its horticultural potential remains little

of polyphenols and polysaccharides, which make it very

exploited or developed. The G. indica, G. gummi-gutta and
G. xanthochymus are the most important fruit trees in

difficult to isolate DNA of good quality. There was no DNA

Western Ghats. The PCR is considered one of the most efficient

fragmentation due to shearing of DNA during extraction

modes of indexing14 and high quality of DNA is one of the

procedure was seen in any of samples and the results were

essential

reproducible. The absence of smear further substantiates

Isolation of highly purified DNA is difficult from tree species,

the high purity of extracted DNA. It has been reported

particularly from plants like Garcinia with high polyphenolic

previously that shearing of DNA during extraction can directly

compounds18. Phenolic compounds are ubiquitous in leaves

or indirectly interfere

factors for successful amplification by PCR15.

with the enzymatic reactions in

of Garcinia species. At the same time, the phenolic

different molecular studies like DNA barcoding. Sometimes

compounds hamper biochemical and molecular studies in

such low quality DNA would generate mix data and there is a

Garcinia species, as isolation of pure DNA becomes difficult.
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Polyphenols often damage the DNA and also render the DNA
inaccessible for some enzymes19. Protocol for extracting DNA
appropriate PCR may include different filtration process and
treatment with various specific and hazardous chemicals and
reagents. Therefore, it was necessary to establish an
inexpensive and efficient protocol for Garcinia species.
The two new protocols developed and optimized in
this study yielded good quality DNA with a ratio of
absorbance at A260/280 of 1.78 and 1.81 for G. indica and
G. xanthochymus, respectively. This indicates that the DNA
fraction was free of protein impurities and could be used for
further applications. The presence of polysaccharide in the
DNA sample inhibits enzyme activity20, but the DNA extracted
using SDS and C-TAB was free of polysaccharides. This ratio is
used as a secondary measure of nucleic acid purity. Successful
amplification of RAPD, ISSR and rbcL gene with the DNA
extracted by these methods further validates our experiment.
Both the protocols yielded good quantity of DNA. The
commercial kit used for DNA extraction protocol was not
highly efficient for tree species containing phenolic
compounds and hence not practically viable to be used by
researchers. In this study we have developed two
economically viable, efficient and rapid DNA isolation
methods, which had more efficiency than commercial kits.
The current method developed to improve isolation of
genomic DNA from leaf tissue of Garcinia plants species is a
marked improvement over the earlier reported methods.
Using this improved method, high quality of DNA was isolated
from species of Garcinia that was amplified for RAPD, ISSR and
barcode gene despite of high phenolics and polysaccharides.
The optimized protocols are robust and efficient so as to make
whole genome sequencing possible from Garcinia species
for advanced bioinformatics investigations.

would be beneficial to other researchers while working with
plants containing high phenolic and polysaccharides.
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