Molecular characterization of 'Bhut Jolokia' the hottest chilli
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The northeast region of India, considered as ‘hot spot’ of biodiversity, having unique ecological environment with hot
and high-humidity conditions, has given rise to the world’s hottest chilli, ‘Bhut Jolokia’, which is at least two times
hotter than Red Savina Habanero in terms of Scoville heat units (SHU). This study was undertaken to determine the
distinctiveness of ‘Bhut Jolokia’ from Capsicum frutescens or Capsicum chinense through sequencing of the
ribosomal RNA (rRNA) gene-internal transcribed (ITS) region along with its phylogenetic analysis. Although a
compensatory base change (CBC) in the ITS2 region was not observed between the closely related species of
C. frutescens and C. chinense when compared with Bhut Jolokia; phylogenetic analysis using ITS1, 5.8S and ITS2
sequences indicated a distinct clade for all the accessions of ‘Bhut Joloikia’, while C. frutescens and C. chinense
occupied discrete lineages. Further, a unique 13-base deletion was observed in all the representative accessions of
‘Bhut Jolokia’, making it distinct from all other members within the genus and beyond. The degree of genetic
variations along with its extreme pungency might be related to ambient environmental factors of northeastern India.
[Purkayastha J, Alam SI, Gogoi HK, Singh L and Veer V 2012 Molecular characterization of 'Bhut Jolokia' the hottest chili. J. Biosci. 37 757–768]
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1.

Introduction

The genus Capsicum is believed to be one of the earliest
domesticated plant genera and has been dated to around
7000 years back based on archaeological data (Basu and
De 2003). Chilli peppers are popular spices in many parts
of the world, valued for their sensory attributes of colour,
pungency and flavour (Pino et al. 2007). Peppers are economically important because of the vast consumption of
their diverse varieties. The food industry is the largest user
of capsicums, where they are used as colouring and flavouring agents in sauces, soups, processed meats, snacks,
candies, soft drinks and alcoholic beverages (Pino et al.
2007). Pungency, the unique characteristics of this genus,
is due to the biosynthesis of capsaicinoids and has
driven the rapid domestication of several Capsicum spp.
Keywords.

in different parts of the world (Andrews 1984; Walsh and
Hoot 2001).
Since the time of Darwin (1845), geographical and climatic variations have served as living laboratories for speciation. Chilli peppers are tropical plants and thus are ideally
suited to hot and humid conditions. However, they are very
adaptable and do well even in semi-arid regions. They love
nitrogen, hot and sunny weather and well-draining soil.
Their degree of pungency varies and depends not only on
genetic makeup but also on weather and soil conditions.
Apparently, environmental stress factors increase pungency
levels (Lindsay and Bosland 1995). Chilli plants may become more, or less, pungent under different environmental
stress. Two types of stresses that affect the pungency of
peppers are high average temperature outside and insufficient watering. Another form of stress is overwatering or
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water clogging. It does not matter what type of stress the
plant goes through; any type of environmental stress will
increase or decrease the pungency of the fruit. Capsicum
growth is very much dependent on temperature. Particularly,
the root temperature must be sufficiently high (20–22°C).
The key factor affecting fruit setting in Capsicum is night
temperature, which ideally should be between 65–80°F.
The northeast region of India, considered a ‘hot spots’ of
biodiversity, having unique ecological environment with highhumidity conditions acting as the hub of speciation, has given
rise to the world’s hottest chilli, ‘Bhut Jolokia’ (Guinness
Book of World Records 2006) displacing the Red Savina.
The name ‘Bhut Jolokia’ is locally popular probably due to
its ghostly bite (‘Bhut’ means ‘ghost’ and ‘Jolokia’ means
‘chilli pepper’) or introduction by the Bhutias from Bhutan
as poison chilli. The other names mentioned include ‘Bih
Jolokia’, ‘Borbih Jolokia’, ‘Nagahari’, ‘Nagajolokia’, ‘Naga
Morich’, ‘Naga Moresh’, ‘Raja Mirchi’ and ‘Dorset Naga’
(its derivative from Bangladesh). Regardless of the nomenclature, they all refer to the same plant. ‘Bhut Jolokia’ is
being grown and consumed in different states of Northeast
India including Assam, Nagaland, Manipur and Mizoram
since ancient times. It is used as a spice in food or eaten raw
along with the staple food. One seed from a ‘Bhut Jolokia’ can
sustain intense pain sensations in the mouth for up to 30 min
before subsiding. Nevertheless, because of its refreshing aroma, palatability and medicinal properties, people have been
using it for pickle preparation, flavouring curries and for home
remedies of ailments like gastritis, arthritis and chronic indigestion problems. It is also used as a remedy to summer heat,
presumably by inducing perspiration. It was demonstrated that
capsaicin binds to a protein TRPV1, which activates sensory
neurons as a transducer of painful thermal stimuli and the compound was linked to thermogenesis (Caterina et al. 1997). In
northeastern India the peppers are smeared on fences or used in
smoke bombs as a safety precaution to keep wild elephants away.
Capsaicin, the major ingredient of pungent Capsicum
fruit, shows numerous bioactive properties in humans. For
instance, capsaicin is used to relieve the pain of peripheral
neuropathy (Backonja et al. 2008), and can inhibit a variety
of cancer cells (Mori et al. 2006; Baek et al. 2008). It has
also been shown to possess anti-inflammatory and antioxidant activities (Surh 2002; Baek et al. 2008). Further, capsaicin inhibits obesity by decreasing energy intake (Reinbach
et al. 2009), adipose tissue weight and serum triglyceride
through stimulation of lipid mobilization (Kawada et al.
1986). In addition, capsaicin prevents adipogenesis and obesity by activation of TRPV1 channels (Zhang et al. 2007).
Since its discovery, disagreement has prevailed on the systematic position of ‘Bhut Jolokia’ and its heat content. Mathur
et al. (2000) reported the ‘Bhut Jolokia’ to be a variety of C.
frutescens L. and to have a very high heat level (855,000
SHUs). An independent analysis, at the Chile Pepper Institute,
J. Biosci. 37(4), September 2012

New Mexico University, in 2006, revealed a rating of
1,001,304 SHU for ‘Bhut Jolokia’; almost double that of Red
Savina (577,000 SHUs), previously considered to be the hottest chilli in the world. However, ‘Bhut Jolokia’ was recorded
in Guinness Book of World Records as belonging to the
species of C. chinense.
Based on their RAPD analysis, Bosland and Baral (2007)
concluded ‘Bhut Jolokia’ as having a taxonomic position
between C. frutescens and C. chinense and as a natural
hybrid of the two. The RAPD technique, however, suffers
from several limitations and is not suitable for interpopulation or inter-species comparisons and often results
in incorrect genotype and species interpretations. Nonreproducibility of results, competition between different
DNA fragments for amplification (Williams et al. 1993;
Halldén et al. 1996) and identical mobility of fragments
with different sequences (Xu 2006) are confounding issues
for applying the technique for species delineation.
The nuclear ribosomal RNA (rRNA) gene complex is a
tandem repeat unit of one to several thousand copies. This
complex has several domains that evolve at varying rates
(Jorgenson and Cluster 1988), and thus have different phylogenetic utilities. The 18S and 28S rRNA genes evolve
relatively slowly and are used for phylogenetic analysis of
broad range of organisms (Maidak et al.1997). The internal
transcribed spacers (ITS) are known to evolve relatively
quickly and are used for determining inter-specific (Jorgenson
and Cluster 1988) and sometimes intra-specific relationships
(Baura et al. 1992). For instance, compensatory base
changes (CBCs) in the internal transcribed spacer 2 region
(ITS2) of the nuclear rRNA cistron have been suggested as
molecular classifier to indicate that two organisms belong to
different species (Muller et al. 2007). CBCs occur in a paired
region of a primary RNA transcript when both nucleotides of
a paired site mutate, while the pairing itself is maintained
(e.g. G-C mutates to A-U). Although the CBC is now accepted as criterion to distinguish species (Coleman 2007), a
lack of CBCs in ITS2 secondary structures is not an indicator
of two organisms belonging to the same species. Within the
ITS is a coding 5.8S rRNA gene that evolves relatively
slowly, but has been largely ignored in the context of molecular systematics of taxa. It has been shown, however, that
the 5.8S rRNA gene contains considerable phylogenetic
information particularly with respect to deep basal branches
(Hershkovitz and Lewis 1996; Cullings and Vogler 1998).
Thus, the main objective of the study was to determine the
relationship between ‘Bhut Jolokia’ and other related species
of the genus Capsicum on the basis of genetic characterization results. The localities and the prevailing environmental conditions of the different ‘Bhut Jolokia’ accessions used in
this study are highlighted here. Also, the variations in hotness
of ‘Bhut Jolokia’ in different climatic conditions of India and
the conducive climate of Northeast India are cited here. To the
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best of our knowledge, this is the first detailed characterization
of ‘Bhut Jolokia’, the world’s naturally occurring hottest chilli.
2.

Materials and methods
2.1

Plant material

Plant specimens including fruits and flowers of ‘Bhut Jolokia’
were collected from different parts of Northeast India during
the month of May 2010. The mean environmental conditions of the study locations are shown in table 1. At
least 10 plant specimens for each of the six accessions of
Bhut Jolokia and one accession, each of C. frutescens and
C. chinense (table 2), were evaluated for their genetic characteristics. The accessions were collected locally from different locations of Northeast India, differing in local climatic
conditions in terms of altitude, average humidity and rainfall.
The cultivars have been maintained since ancient times by the
native population. Only gene sequences from the database
were used for the additional plant species reflected in table 2.
2.2

DNA Extraction

Fresh fruits and shoot tips were used for isolation of total
cellular DNA from different accessions of ‘Bhut Jolokia’ and
also from C. frutescens and C. chinense with the use of the
DNA-Easy Plant Mini Kit (Qiagen, Germany) according to
the manufacturer’s instructions. Quality of DNA preparations were checked on 1% agarose gel using lambda DNA
as marker (Fermentas). Nucleic acid concentrations were
estimated by determining optical density at 260 nm using a
UV-visible spectrophotometer (Specord200, USA).
2.3

DNA amplification

ITS1–5.8S rDNA–ITS2 region of C. frutescens, C. chinense
and six accessions of ‘Bhut Jolokia’ was amplified using previously described universal primers ITS4 and ITS5 or ITS4 and
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ITSleu1, which target conserved regions in the 18S and 26S
rRNA genes (White et al. 1990; Bohs and Olmstead 2001).
The ITS1 and ITS2 regions were also independently amplified from the total DNA of plant tissues using primer pairs
ITS5/ITS1R and ITS2F/ITS4 as illustrated in supplementary
figure 1. The reaction mixture contained 1× PCR buffer (TrisHCl, 100 mM; KCl, 500 mM; pH 8.3), 0.2 mM dNTPs, 2.0 μM
of each primer, 1.5 mM MgCl2, 1U of Taq Polymerase
(Qiagen, Germany) and 50 ng of plant DNA in a total volume
of 25 μL. Amplifications were carried out in a thermal cycler
(T-professional Gradient Cycler, Biometra, Germany) according
to the following amplification programme: an initial denaturation
step of 95°C for 5 min followed by 30 cycles including denaturation for 1 min at 95°C, annealing for 1 min at 55°C and
extension for 1 min at 72°C. Amplification was terminated by
a final extension step of 10 min at 72°C.
2.4

Cloning and sequencing

The amplified DNA of approximately 750 bp corresponding to
18S partial, ITS1, 5.8S, ITS2 and 26S partial sequence was
purified using a commercial PCR purification kit (Qiagen,
Germany) following the manufacturer’s instructions. Amplicons were sequenced directly in both sense and antisense
directions using primers used for PCR amplification. The
sequencing of ITS region for each accession was carried out
twice, one with amplicons generated from DNA preparation
from fruit and the other with those obtained from the shoot
tips. A consensus sequence was created from the duplicates.
All the aforementioned amplified products (from
C. frutescens, C. chinense and six accessions of ‘Bhut Jolokia’) were cloned in pTZ57R/T vector using InStaClone kit
(Fermentas, USA) as per the manufacturer’s instructions.
The PCR products were ligated with 50 ng of vector DNA
at 1:4 molar ratio of vector:insert. The ligated products were
transformed into E. coli JM109 cells by heat-shock and the
transformed clones were identified through blue/white colour selection. Plasmids were isolated from 10 randomly selected clones from each group and tested for the presence of
insert by size determination on agarose gel (1.5%) and PCR

Table 1. Average environmental conditions in different locations of plant accessions studied
Mean temperature (°C)

Relative humidity (%)

Location

Rainfall (mm)

Max

Min

08:30 h

17:30 h

Sunshine hours

Tezpur/Sonitpur
Dibrugarh
Imphal
Kohima
Jorhat
Karbianglong

170.61±51.24
260.09±65.13
133.35±30.10
156.78±52.46
188.88±47.27
84.65±21.59

29.74±0.70
28.44±0.74
28.21±0.66
22.50±0.95
28.42±0.84
25.5±0.89

19.95±1.5
19.40±1.59
16.04±1.94
12.60±1.35
19.57±1.73
14.5±1.53

83.91±1.37
82±1.91
80.50±2.0
79.34±1.23
88.66±0.76
94.32±0.78

77.41±2.2
77.58±2.13
70.66±3.31
70.33±2.31
80±2.05
77.54±2.33

149.5±10.47
142.10±16.45
146.07±15.50
145.37±12.41
133.47±12.30
137.34±11.45

J. Biosci. 37(4), September 2012

760

J Purkayastha et al.

Table 2. Plant species and source of ITS sequences included in this study
Species/Accession no.
Bhut Jolokia accn.1
Bhut Jolokia accn.2
Bhut Jolokia accn.3
Bhut Jolokia accn.4
Bhut Jolokia accn.M
Bhut Jolokia accn.N
Capsicum frutescens
Capsicum chinense
Capsicum eximium
Capsicum annum

Location/Country

Latitude/Longitude/Altitude

Soil Type

Accession
no.

Source/
Reference

Dibrugarh, Assam,
India
Jorhat, Assam, India
Sonitpur, Assam, India

27°280 N /94°550 E/108 m

Lateritic

HQ705983

This study

HQ705984
HQ705985

This study
This study

HQ705986

This study

HQ705987

This study

HQ705988

This study

HQ705989
HQ705990

This study
This study

AY665841

Whitson and
Manos 2005
Hernández
et al. 2010
Bohs and
Olmstead 2001
Spooner et al.
2005 (UP)*
Smith and Baum
2006
Chen and Han
2009 (UP)*

Karbianglong,
Assam, India
Ukhrul, Manipur, India

26044′N/94010′E/91 m
Young and Old Alluvial
0
0
0
26°30 N-27°01 N/92°16 EOld Alluvial
93°43'E/21 m
25.330 -26.350 N/ 92.100 Red Loamy
93.500 E/300-1600 m
24°-25.41°N/94°-94.47°E/ Alluvium, Lateritic Black
913-1763 m
Regur and Red
Ferruginous
25°400 N/94°080 E/1500 m
Inceptisols

Kohima, Nagaland,
India
Tezpur, Assam, India
26°380 N/92°480 E/157 m
Sonitpur, Assam, India 26°300 N-27° 010 N/92°160 E93°430 E/105 m
Mexico, North America

Old Alluvial
Old Alluvial

Badajoz, Spain

GU944973

Capsicum baccatum

Utah, USA

AF244708

Capsicum pubescens

Madison, USA

AY875749

Capsicum
lycianthoides
Solanum nigrum

Madison, USA

DQ314158

Beijing, China

FJ980391

* UP=Unpublished submission

amplification of target gene. Two clones positive for insert
were sequenced using the commercial services employing an
automated sequencer (ABI PRISM, Model 3730, USA).
Vector-specific forward and reverse sequencing primers were
used for sequencing, and the deduced sequences (~700 bases)
were subjected to BLAST search for closest match in the
database (http://www.ncbi.nlm.nih.gov). DNA sequences
have been deposited to NCBI database under the accession
numbers HQ705983 to HQ705990 (table 2).
2.5

Phylogenetic analysis

The related sequences were retrieved and aligned by
ClustalW alignment program. Sequences were truncated
to the length of shortest sequence in the alignment data
before constructing the tree. A maximum parsimony tree
was reconstructed showing phylogenetic relationship between Bhut Jolokia and other related reference species
of Capsicum using alignment data of concatenated ITS1–
5.8S-ITS2 sequences (668 bases) with 1000 bootstrap replicates using tree construction software MEGA version 3.1
(Kumar et al. 2004).
J. Biosci. 37(4), September 2012

2.6

Secondary structure prediction

The secondary structures of ITS2 rDNA from ‘Bhut Jolokia’
accessions were obtained by online secondary structure determination tool at ITS2 database v1.0 (Wolf et al. 2005; Schultz
et al. 2005, 2006; Koetschan et al. 2010). The predicted
structure of the closest match (C. eximium) was used for
structural comparison (Eddy 1998; Keller et al. 2009) and
a representative analysis with one of the ‘Bhut Jolokia’
accessions (accession 2) has been shown. The ITS2 sequences with homologous structures were synchronously aligned
using 4SALE (Seibel et al. 2006, 2008). CBC and hemiCBC analyses were carried out using CBC Matrix feature in
4SALE and CBC Analyzer version 1.1 (Wolf et al. 2005).

3.
3.1

Results

ITS-rDNA sequence analysis

Nucleotide sequence of approximately 750 bp corresponding
to 18S partial, ITS1, 5.8S, ITS2 and 28S partial sequence
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Figure 1. ClustalW alignment of ITS1 gene sequence (227 bases) from Bhut Jolokia and other related reference species of Capsicum. The
polymorphic sites are shown with arrows above, and the consensus base substitutions in all the accessions of Bhut Jolokia in comparison to
C. frutescens and/or C. chinense are shown with arrows below the alignment. The annotation ‘Cas’ in the alignment represents sequences
from Bhut Jolokia accessions.
J. Biosci. 37(4), September 2012
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was obtained from the amplified DNA, for C. frutescens,
C. chinense, and the six accessions of ‘Bhut Jolokia’. The
double-pass sequencing results from both leaf and fruit tissues from each accession were edited and aligned with
related sequences of Capsicum spp. The alignment result
(figures 1−3) indicated a 13-base deletion in the 5.8S rDNA
region for all the six accessions of ‘Bhut Jolokia’ but not in
C. chinense and C. frutescens (supplementary figure 2). To
rule out a possibility of contamination and sequencing error,
the PCR-amplified fragments were cloned in pTZ57R/T
vector and four randomly selected clones were sequenced using vector-specific forward and reverse primers.
The deduced sequences (~750 bases) were subjected to
BLAST search for closest match and aligned with related
sequences. The BLAST search results confirmed that the
sequences were from the ITS region and a characteristic conserved GGCG sequence, which is presumed to be a

recognition site for processing of a primary transcript into the
structural rRNA (Liu and Schardl 1994), was observed in the
ITS1 region from all the accessions of ‘Bhut Jolokia’ studied
here. All the sequences from the four clones of any one
accession were identical.
The sequences obtained from multiple clones (4)
from each accession ruled out the possibility of contamination and sequencing error and further confirmed the
presence of a 13-base deletion in 5.8S region of all
‘Bhut Jolokia’ accessions but not in the related species
of C. chinense and C. frutescens. We further synthesized
primers corresponding to the 13-base deletion region and
performed PCR with it, using ITS2R as reverse primer.
Amplification of expected length was observed using
recombinant plasmids or total DNA from C. chinense
and C. frutescens but not with those from accessions of
‘Bhut Jolokia’ (data not shown).

Figure 2. ClustalW alignment of 5.8S rRNA gene sequence (160 bases) from Bhut Jolokia and other related reference species of
Capsicum. The polymorphic sites are shown with arrows above ,and the consensus base substitutions in all the accessions of Bhut Jolokia in
comparison to C. frutescens and/or C. chinense are shown with arrows below the alignment. The annotation ‘Cas’ in the alignment
represents sequences from Bhut Jolokia accessions.
J. Biosci. 37(4), September 2012
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Figure 3. ClustalW alignment of ITS2 gene sequence (230 bases) from Bhut Jolokia and other related reference species of Capsicum. The
polymorphic sites are shown with arrows above, and the consensus base substitutions in all the accessions of Bhut Jolokia in comparison to
C. frutescens and/or C. chinense are shown with arrows below the alignment. The annotation ‘Cas’ in the alignment represents sequences
from Bhut Jolokia accessions.
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Table 3. Sequence characteristics of ITS-rDNA in plant the species/accessions used in this study
ITS1
Species /Accessions

Length
(bp)

G+C
(%)

C. eximum
C. chinense
C. frutescens
Bhut Jolokia acc.1
Bhut Jolokia acc.2
Bhut Jolokia acc.3
Bhut Jolokia acc.4
Bhut Jolokia acc.M
Bhut Jolokia acc.N

242
227
227
227
227
227
227
227
227

70.24
69.16
69.16
67.84
67.40
67.84
67.84
67.84
68.72

5.8S

Polymorphic Length
sites
(bp)
16
16
21
21
20
21
21
18

160
160
160
147
148
148
148
148
148

G+C
(%)

ITS2
Polymorphic Length
sites
(bp)

54.37
53.12
50.62
51.00
50.67
51.35
50.67
51.35
51.35

2
7
19
20
20
21
20
20

230
230
230
230
230
230
230
230
230

G+C
(%)
69.56
68.26
68.26
68.26
68.26
68.26
68.69
68.69
68.26

Total no. of
Polymorphic
polymorphic sites
sites
8
7
10
8
8
9
9
8

26
30
50
49
48
51
50
46

The number of polymorphic sites is with respect to the reference sequence of C. eximum.

Length of different regions and the base composition
(%G+C) of the sequences for six ‘Bhut Jolokia’ accessions along with C. chinense and C. frutescens have been
reflected in table 3. The length and G+C content of ITS
region of ‘Bhut Jolokia’ was typically corresponding to
the region of other species within the genus Capsicum.
Among the different accessions of ‘Bhut Jolokia’, the
total length of the entire ITS-rDNA varied from 604 to
605 bp and that of 5.8S region varied from 147 to
148 bp, while 227 bp ITS1 and 227 bp ITS2 sequence
was observed for all the accessions sequenced (table 3).
The presence of a 14 bp motif in 5.8S (5′-GAA TTG
CAG AAT CC-3′), which is seed-plant specific (Jobes
and Thien 1997), was located in all the sequences obtained
in this study.

3.2

Secondary structure predictions and phylogenetic
analysis

The homology modelling algorithm at ITS2 database yielded
the lowest-energy secondary structures of ITS2 rDNA from
‘Bhut Jolokia’ accessions (supplementary table 1). The predicted structure had closest match with C. eximium and was
used for structural comparison (supplementary figure 3 and
supplementary table 1). A CBC was not observed in ‘Bhut
Jolokia’ accessions when compared with C. frutescens or
C. chinense; however, a hemi-CBC was located in the third
helix with respect to C. eximium reference structure of ITS2
region (supplementary figure 3).
Relationships among different accessions of ‘Bhut Jolokia’
and its position with respect to the closely related species of

Figure 4. Maximum Parsimony trees showing phylogenetic relationship between Bhut Jolokia and other related reference species of
Capsicum based on the ITS1–5.8S–ITS2 sequence (668 bases) analysis. Bootstrap values above 30 are given at the nodes. This is a rooted
tree reconstructed with 1000 bootstrap replicates using tree construction software MEGA version 3.1.
J. Biosci. 37(4), September 2012
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C. frutescens and C. chinense were evaluated through phylogenetic analysis (figure 4) using ITS sequences (concatenated ITS1, 5.8S and ITS2). The topology of the ITSsequence-based tree clearly indicated that the different accessions of ‘Bhut Jolokia’ could be resolved discretely in the
form of a tightly clustering clade from the two related species
of C. frutescens and C. chinense (figure 4). Pair-wise distance calculation using nucleotide maximum composite likelihood model for the entire ITS region used for phylogenetic
analysis is reflected in supplementary table 2.

4.

Discussion

The effect of climate on the scoville rating of ‘Bhut Jolokia’
is dramatic. Comparison of percentage availability of capsaicin and dihydrocapsaicin in ‘Bhut Jolokia’ grown in Tezpur
(Assam) and Gwalior (Madhya Pradesh), India, showed that
the heat of the pepper is decreased by over 50% in Gwalior’s
more arid climate (Tiwari et al. 2005). This clearly showed
that ‘hot and humid’ climatic conditions of northeastern
India are crucial for its extreme pungency (table 4). The heat
and humidity of the Indian Northeast make it the ideal
greenhouse for ‘Bhut Jolokia’. Variation in capsaicinoid
content is also known to be the directly related to the plant
growth environment (Harvell and Bosland 1997; Zewdie and
Bosland 2000; Blum et al. 2003). The diversified geological
conditions, topographical characteristics, climatic situations
and vegetation types favour the formation of different types
of soil in the state of Assam and the Northeast. However,
these minor variations do not seem to play any vital role in
determining hotness level for ‘Bhut Jolokia’, as the major
geoclimatic conditions remains more or less similar throughout the region. A radical change in climate to extreme
dryness and to sandy loam soil, amply strewn with loose
stones and pebbles, drastically reduces the hotness, as seen
in Gwalior conditions (table 4). ‘Bhut Jolokia’ leaves get
characteristic viral infection at a certain stage of growth,
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especially before fruit setting. This also may be one of the
contributing factors towards pungency of ‘Bhut Jolokia’, as
stress from virus infection is also known to increase pungency in Capsicum (Charles et al. 2005). As in other chillis
(Estrada et al. 1999), water stress condition increases ‘Bhut
Jolokia’ pungency.
In all cases, amplification of the ITS region produced a
~750 bp fragment, which is in agreement with the previous
studies with other species of Capsicum (Ryzhova et al. 2002).
Interestingly, a deletion of 13 bp in 5.8S rDNA region was
found in all of the accessions of ‘Bhut Jolokia’. ITS region
sequencing and phylogenetic analysis of the different accessions of ‘Bhut Jolokia’ clearly indicate early delineation
of this unique group of plant in the evolution of genus
Capsicum. Homogenization of the ITS sequences among
different accessions of ‘Bhut Jolokia’ but distinction from
the other two related species of C. frutescens and C. chinense
further indicate a divergent evolution after speciation of ‘Bhut
Jolokia’. Even if this speciation is the result of a hybridization
event, it might have occurred in ancient times and concerted
evolution appears to have homogenized the ITS sequences.
The nrDNA (including ITS) genes has the remarkable
property that their paralogs, resulting from concerted evolution, within individuals, are quite homogenous. Unequal
crossing over (Smith 1976) and gene conversion (Nagylaki
1984) are the proposed, underlying molecular processes
involved in the homogenization. These paralogs will, however, display polymorphisms in individuals where concerted
evolution is incomplete, for example, in cases where hybridization is involved (Muir et al. 2001), or when they are
dispersed on non-homologous chromosomes in the genome
(Wei and Wang 2004).
Reimer et al. (2007) sequenced the internal transcribed
spacer of ribosomal DNA (ITS-rDNA) of Symbiodinium, the
symbiotic dinoflagellates (zooxanthellae), from samples of
designated Zoanthus sansibaricus Carlgren (Anthozoa: Hexacorallia) colonies. The authors observed consistent (145
unique sequences out of 153 total obtained sequences)

Table 4. Variation in pungency of Bhut Jolokia in different climatic localities of India and North East India
Locality

Climate and soil*

Latitude, longitude
and altitude (meter)

Tezpur

Hot humid climate with alluvial derived soil

26°38′N/92°48′E/157

4.28

855,000

Pithoragarh

Warm to hot dry to moist subhumid
climate with brown forest and podzolic
soils
Warm to hot perhumid climate with red
and yellow soils
Semi-arid climate with mixed red and
black soils

29°35′N/80°13′E/1525

0.97

254,896

Mathur et al. 2000; Tiwari
et al. 2005
Pandey et al. 2009

24°44′N/93°58′E/790

2.06

329,100

Sanatombi and Sharma 2008

26°14′N/78°15′E/205

1.5

Imphal
Gwalior

Capsaicin Pungency
(%w/w)
(SHU)

NA

Reference

Tiwari et al. 2005

*From Velayutham et al. (1999); SHU: Scoville heat unit; NA: Not available.
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genotypic microvariation in their obtained sequences including seven sequences exhibiting large deletions (6–66 bp) in
ITS-rDNA and two sequences showing 6 bp and 25 bp deletions, respectively, in their 5.8S rRNA gene loci. The observed
deletion in our study is restricted only to the accessions of
‘Bhut Jolokia’ and not observed in sequences from
C. frutescens or C. chinense. It might be the result of multiple copies of the ITS-rDNA region within a single genome.
In the columnar cactus Lophocereus, Hartmann et al.
(2001) showed that one of the operons encodes rDNA pseudogenes in a low copy-number (Truncated), whereas the
second operon encodes an expressed rRNA (Functional).
Extensive paralogy was observed not only in the ITS regions
but also in the 5.8S coding regions in both within and
between operons. Our sequencing results for multiple clones
of the same accession do not indicate such a paralogous lowcopy-number operon with the truncated 5.8S region. Moreover, pseudogenes are assumed to have escaped from functional constraints, accumulate many mutations and can
cluster randomly across phylogenetic trees due to longbranch attraction (LBA), which confounds attempts to recover correct phylogenetic species relationships (Kita and Ito
2000). The formation of well-resolved clade for the accessions of ‘Bhut Jolokia’, and highly conserved ITS2 region
(indicating non-random mutations), does not indicate the
sequences reported here to be pseudogenes. However, the
possibility that the ‘Bhut Jolokia’ genome harbours rDNA
pseudogenes with truncated 5.8S region, in a high copynumber, needs to be tested using extensive sequencing of
several clones or an alternative strategy. In that case, we do
not know the physical origin of the pseudogenes isolated
from the ‘Bhut Jolokia’genomes here, whether they cluster
together in one locus or occur interspersed among functional
copies that we are unable to amplify.
We do not rule out the possibility of alternative rRNA
processing mechanisms in ‘Bhut Jolokia’ to cope with the
observed 13-base deletion. Typically, the 18S, 5.8S and 25S
rRNAs are co-transcribed in the nucleolus as a polycistronic
transcript that undergoes a complex series of endonucleolytic
cleavages and exonucleolytic processing steps to yield the
mature rRNAs. Processing of pre-rRNAs occurs within preribosomal particles that contain, in addition to the pre-rRNA
and ribosomal proteins, some 200 processing, modification
and assembly factors and 75 small nucleolar RNAs. Only
one pair of primers was used in the present study to amplify
the ITS sequences; thus, only genes where the primer sites
were greatly preserved were obtained. There also exists a
possibility that older and/or more diverged copies, where the
primer sites have been lost, likely exist, but are not PCRamplifiable and represent the typical ITS sequences without
the 13-base deletions observed here.
The 5.8S gene is the most reliable indicator of the functionality of ITS paralogs within the ITS region (Hershkovitz et al.
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1999), and Yokota et al. (1989) suggested that the GC
content of 5.8S in functional copies in plants ranges from
50.6% to 59.3%. ‘Bhut Jolokia’ 5.8S copies showed 51.6%
to 51.3% GC content (table 3), which is well in line with
the values of Yokota et al. (1989). Values for the putative
pesudogenes have been reported (Xiao et al. 2010) with
an average of 44.8%, significantly lower than the data
observed here.
Length variation between 230 to 248 bp in 5.8S rRNA
gene in six species from the ancient extant seed plant Cycas
has been reported by Xiao et al. (2010). Based on the
distribution of a 14 bp deletion in ITS2 region, an early
evolutionary origin of the pseudogenes was indicated, arguably predating the diversification of Cycas. The authors also
reported a 61 bp deletion in 5.8S (categorized as a pseudogene) in C. circinalis 16, the largest one observed in seed
plants. Variation in the ribosomal internal transcribed
spacers and 5.8S rDNA among five species of Acropora
was demonstrated and based on the secondary structure
predictions; it was argued that the divergent sequence variants were not pseudogenes (Odorico and Miller 1997).
5.

Conclusion

The present investigation is the first detailed genetic characterization of Bhut Jolokia, the hottest chilli in the world.
Although climatic conditions have been shown to affect
pungency to a larger extent, they do seem to have a significant effect on the genetic makeup of the ‘Bhut Jolokia’
species as evidenced from the ribosomal sequence data of
accessions collected from different environmental settings.
Irrespective of the molecular mechanism (hybridization followed by divergent or concerted evolution) involved, the
data indicates remarkable genetic differences between Bhut
Jolokia and the species of C. frutescens and C. chinense. The
results presented here warrant effective discrimination of
‘Bhut Jolokia’, from C. frutescens and C. chinense, thus
providing support towards its claim as a new species.
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