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Black pepper (Piper nigrum L.) is a major spice crop and exported 
worldwide. The extraction of DNA from leaves of black pepper is 
challenging due to the presence of a significant amount of 
polysaccharides, polyphenolic compounds and other chemical 
constituents. Hence, the present study was aimed to standardize 
and optimize the DNA isolation protocol from the young folded 
leaves of black pepper. The emerging folded leaves of seven 
pepper accessions were selected and an efficient DNA extraction 
protocol from freshly collected emerging leaves of pepper was 
developed with modified cetyl trimethyl ammonium bromide 
(CTAB) method, which is a collective strategy of 2-
mercaptoethanol, PVP (poly vinyl pyrrolidone), 1% sodium 
metabisulfite and 5M NaCl, which was used for efficient removal 
of polyphenols and polysaccharides. This protocol was pertinent 
to isolate genomic DNA from emerging leaf tissues of pepper. The 
presence of DNA was checked by 0.8% agarose gel; results 
showed that thick intact single band of high molecular weight 
confirming good quality. The genomic DNA yielded from fresh 
emerging leaves of seven pepper accessions was ranged from 75 
- 120µg/g.  
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INTRODUCTION 
 

Piper nigrum (L.), is also known as “spices king” due 
to its pungent quality and is belongs to 
the Piperaceae family (Srinivasan, 2007). The 
peppercorn of black pepper is one of the imperative 
spice produce of Indian commerce from the ancient 
period. It’s used as a whole or its active constituents 
for the various food items preparations. Its 
secondary metabolites are drug, preservative and 
insecticidal control agents (Nisar, et al., 2012). 
  

The black pepper leaves are predominantly 
accumulated by polysaccharides and polyphenols, 
including flavonoids and various metabolites, which 
restrict the extraction of good quality genomic DNA 
and DNA yield. Even though, several genomic DNA 
isolation protocols exist for plant species, and DNA 
extraction from black pepper leaves is still 
challenging. Therefore, the present study aims to 
develop an efficient and rapid cetyl trimethyl 
ammonium bromide (CTAB) protocol suitable for 
isolation of genomic DNA from plants rich in 
polysaccharides, and polyphenols, and this protocol 

excludes the utilization of costly liquid nitrogen 
(Sangwan et al., 1998). Several factors shear DNA 
during extraction and the degradation is mainly due 
to endonucleases that interfere either directly or 
indirectly with enzymatic reactions (Weishing et al., 
1995). Existence of polysaccharides predominantly 
affects the Taq polymerase activity (Fang et al., 
1992).  
   

Molecular techniques using DNA polymorphisms 
are increasingly being utilized to categorize and 
identify the unique germplasm or accessions for 
crop breeding (Mathew et al., 2013). The 
reproducibility of genomic studies mainly depends 
on the quality of the genomic DNA used. The 
extraction of an excellent quality DNA is essential for 
all molecular studies (Sreetama and Mautima, 
2015). Therefore, DNA isolation needs to optimize 
by varying concentrations of Tris-HCL, NaCl, PVP 
and β-mercaptoethanol. Hence, the present study 
aimed to optimize the genomic DNA isolation from 
emerging leaves of black pepper.   

   
MATERIALS AND METHODS 

Plant Materials 

The present experiments on molecular 
characterization of released varieties and genetic 
accessions of pepper (Piper nigrum) were carried 
out in the Biotechnology laboratory of Cardamom 
Research Station (CRS), Kerala Agricultural 
University, Pampadumpara, Idukki, Kerala. The 

plant materials for DNA isolation and molecular 
characterization studies were collected from the 
germplasm repository of CRS-Pampadumpara, and it 
was listed in Table 1. Also, the habitat of black 
pepper was shown in Figure 1.  

 

  

Figure 1. Habitat of black pepper (Piper nigrum L.) 
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 Table 1. List of black pepper genotypes used for this study 

Sl. No. Genotypes Source 

1. HB20052 Cardamom Research Station, KAU, Pampadumpara, Idukki, Kerala 

2. Karimunda Cardamom Research Station, KAU, Pampadumpara, Idukki, Kerala 

3. Acc No.33 Cardamom Research Station, KAU, Pampadumpara, Idukki, Kerala 

4. HP 39 Cardamom Research Station, KAU, Pampadumpara, Idukki, Kerala 

5. Acc No. 57 Cardamom Research Station, KAU, Pampadumpara, Idukki, Kerala 

6. Acc No. 106 Cardamom Research Station, KAU, Pampadumpara, Idukki, Kerala 

7. Panniyur 1 Cardamom Research Station, KAU, Pampadumpara, Idukki, Kerala 

  DNA isolation  

Black pepper leaves contain a high amount of 
polyphenols and polysaccharides. A modified CTAB 
(Cetyl Trimethyl Ammonium Bromide) protocol was 
used for the isolation. The fresh emerging leaves 
were collected and brought to the laboratory for 
extraction. 1 g of leaf sample was weighed and cut it 
into small pieces, and 3 ml of preheated (5 min 
preheated at 60ᵒC) extraction buffer (20mM EDTA 
pH 8, 100mM Tris HCL pH 8, 2% w/v CTAB and1.4M 
NaCl) was added in the pre-chilled pestle and 
mortar for fine grinding and homogenized after the 
addition of ~25 mg of PVP, ~25 mg of sodium 
metabisulphate, and 20µl of 2-mercaptoethanol. One 
ml of homogenate was transferred into the 2 ml 
centrifuge tube, and after gentle shaking, incubated 
the tube for 45 min at 60ᵒC with intermittent 
shaking in every 10 minutes and cooled to room 
temperature. 1 ml solution of chloroform: Isoamyl 
alcohol (24:1) was added to it and mixed gently by 
inverting the tube ~25 times to form an emulsion 
(Ashokkumar et al., 2020). Centrifugation was 

performed at 10,000 rpm for 15 minutes at 4ᵒC and 
transferred top aqueous phase to a new 2 ml 
Eppendorf centrifuge tube.  200 µl of 5M NaCl was 
added and mixed with the supernatant and then 
800µl of ice-cold isopropanol was added to it and 
after gentle mixing kept it at -20ᵒC for 2 hours or 
overnight for precipitation of DNA. DNA was 
pelleted by centrifugation at 5000 rpm for 3 min and 
then increases the speed to 10,000 rpm for 3 
minutes at 4ᵒC. The supernatant was discarded and 
pellet was washed with 200µl of 70% ethanol. Again 
centrifugation was performed at 10,000 rpm for 3 
minutes and repeated the washing step for two 
times. The ethanol was poured off and without 
complete drying of DNA was done by air drying at 
room temperate or incubation at 37ᵒC for ~30 
minutes. DNA pellet was re-suspended with 100-
200µl of 1X TE buffer and pooled by cut tips. 5µl of 
RNase was added, and incubated at 37ᵒC for 30 min 
for immediate analysis or kept at -80ᵒC for long term 
storage.  

 Genomic DNA purification 

      For total DNA purification, 100 µl of 7.5 M 
ammonium acetate followed by 1 ml of ice-cold 
100% ethanol was added gently mixed and kept at -
20ᵒC for 2 hour or overnight incubation for DNA 
precipitation. Centrifugation at 8000 rpm for 20 
minutes at 4ᵒC was done to decant the supernatant 
(Ashokkumar et al., 2020). DNA pellet was air-dried 
at room temperature (or incubated at 37ᵒC) for ~20 
minutes and dissolved DNA pellet in 200µl of 1X TE 

buffer or sterile water. Quality and purity of DNA 
was examined by gel electrophoresis in 0.8% 
agarose gel in 1X TAE buffer (Tris-acetate, 0.5M 
EDTA) with ethidium bromide (0.5µg/ml) and was 
visualized in a gel documentation system (Bio-Rad, 
USA). The genomic DNA purity was assessed by 
measuring the absorbance at 260nm and 280nm 
using UV Bio-photometer (Ashokkumar et al., 
2020).  

  RESULTS AND DISCUSSION 

The genomic DNA isolation from plants having 
secondary compounds such as polyphenols and 
polysaccharides has been challenging tricky in 
several plant species (Weising et al., 1995). PVP has 
been frequently used in CTAB extraction protocols 

to pawn polyphenol oxidation (Dellaporta et al., 
1983). Besides phenolic compounds, the obtained 
DNA was appeared viscous, indicated the presence 
of pectin like polysaccharides, which were 
reportedly water-soluble and tend to co-isolate with 
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DNA (Weising et al., 1995). Polysaccharides 
interfere with several bio-enzymes like DNA 
polymerases, ligases and restriction endonucleases, 
resulted in ineffective amplification (Michiels et al., 
2003).  

           Mercaptoethanol is a reducing agent, which 
inhibits oxidation processes and damage of DNA 
directly or indirectly (Weising et al., 1995). All the 
three compounds, viz., PVP (50mg), sodium 
metabisulphite (10µl) and b-mercaptoethanol 
(20µl), were administered for young leaves and it 
was found sufficient for extracting DNA from folded 
leaves. In the present study, polysaccharides were 
removed using 2% CTAB along with 5M NaCl. By 
using the above protocol adequately high yields of 
good quality DNA could be recovered.  The DNA 

yield from young leaves of 7 black pepper accessions 
was ranged from 75-120µg/g. 

 

Current protocols yielded pure DNA as 
documented from Bio-spectrophotometer readings 
and the A260/280 ratio was 1.5 - 1.7 (Table 2), 
indicated the absence of contaminants (Pich and 
Schubert et al., 1993). In agarose gels, DNA forms a 
thick intact single band of high molecular weight 
confirming the excellent quality (Figure 2). The 
isolated genomic DNA needs to be investigating 
further from black pepper varieties and accessions 
through PCR amplification and genetic diversity 
studies through molecular markers. 

Table 2. Analysis of DNA purity for 7 black pepper genotypes 

Sl. No. Name of the entry DNA Purity (A260/280 ratio) DNA yield (µg/g tissue) 

1. HB 20052 1.5 75 

2. Karimunda 1.6 120 

3. Acc No.33 1.7 100 

4. HP 39 1.5 77 

5. Acc No. 57 1.5 85 

6. Acc No. 106 1.6 80 

7. Panniyur 1 1.7 100 

 

 

Figure 2. Visualisation of DNA isolated from seven black pepper genotypes 

CONCLUSION 

The proposed DNA extraction method with the 
addition of 0.1% sodium metabisulphite, 2-
mercaptoethanol, PVP, 5M NaCl,  7.5M ammonium  
acetate  is highly  suitable  for extracting  genomic 

DNA  from emerging leaves of black pepper plants 
having significantly high level of polyphenols, 
polysaccharides and other secondary metabolites. In 
the present study, DNA purity and yield from all the 
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seven black pepper accessions evaluated were 
ranged from 1.5 – 1.7 and 75-120 μg/g tissue, 
respectively.  The genomic DNA isolated by this 

method could be useful for molecular 
characterization of black pepper accessions.  
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