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Abstract

Commiphora wightii has a vast economic value and a
wide range of medicinal uses. The presence of
guggulsterone in the form of E and Z as a steroidal
compound in oleo-gum resin is being used since
ancient times for treating various disorders and
ailments. The population studies on this plant revealed
the drastic decline in its numbers and the imminent
threat of extinction, if no concrete conservation plans
are implemented. The present investigation was
carried out for genetic diversity among populations of
Commiphora wightii revealed by Internal Transcribed
Spacer (ITS) regions of Nuclear Ribosomal DNA
(nrDNA). Plant materials were obtained from various
eco-climatic regions of Rajasthan and genomic DNA
was extracted using a modified CTAB method. The
primer ITS4 and I1TS5 amplified the 5.8S-coding region
and the internal transcribed spacers (ITS1 and 1TS2).

The bands of DNA were eluted from the gel using the
Qiagen Min-Elute gel extraction kit followed by
sequencing at Desert Medicine Research Centre,
ICMR using an automated sequencer, ABI-3730xI. The
plant population of Jodhpur (J6), which acted outliner
in the analysis showed significant diversity in
comparison to rest of the population due to the reasons
being entirely different climatic conditions in the area
as compared to the rest of populations. Analysis of ITS
regions inferred that the plant species Commiphora
wightii might have advanced/evolved during their
reproductive-isolation where continuous habitat loss
and fragmentation of population may be the probable
reasons.

Keywords: Commiphora wightii, Molecular diversity,
Internal transcribed spacer.

Introduction

Genus Commiphora wightii (2n=26) in other words Guggul
sometimes Myrrh tree is a small tree belonging to
Burseraceae family*s. In ancient as well as modern
therapeutics, this plant has contributed as vast economic
value and medicinal use. The plant is known as ‘‘Guggul”’
as it contains the E and Z form of steroidal compound called
guggulsterone, in the oleo-gum resin. Since ancient times,
various ailments and disorders have been treated using this
compound (2000 B.C.). The plant exudates are complex in
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nature, are the mixture of 61% resin, 29.3% gum and 6.1%
other chemicals. Till date, the reports estimate that 150
compounds or even more and new compounds continue to
be reported?®.

Overexploitation of this species has brought its population
under threat and already has been reported in the Data
Deficient category of IUCN. The survey report of Rajasthan,
India during 2007-2009* showed the growth of this species
in only 2% of the plots which confirms its rarity. Population
studies conducted on the species have verified the drastic
decline in its numbers and the imminent threat of extinction,
if no concrete conservation plans are implemented. It is
expected that this species will be eroded from its natural
abundance state if this exploitation continues without proper
management of genetic resources. Conservation managers
and evolutionary biologists have shown interest in the
genetics of threatened species*122%. It becomes crucial to
know the nature of a species population-structure because
conserving and maintaining a species without taking into an
account the way its population has been arranged, may fail
to preserve the entire range of benefits which that species
provides'®. There continues to be a substantial need for
research on many aspects of extent and distribution of
genetic diversity. Research is especially required on factors
such as the distribution of allelic variation within and
between populations and the geographic patterns of these
variations. These studies related to genetic diversity will
help conservationists and breeders to estimate the important
traits and their variability also to help them select the parents
for conservation as well as hybridization programs.

In the past few decades, traditional methods of evaluating
genetic variation have been complemented by a number of
efficient molecular techniques® proven beneficial in
distinguishing different species and identifying genes of
interest?®. The technique of molecular markers useful in
detection of polymorphic loci between individuals or linked
to major genes is emerging as indispensable tools in crop
improvement programs. Very few molecular studies have
been conducted on the molecular characterization of
Commiphora at both international and national level.

Cytoplasmic DNA i.e. mitochondrial (mt) and chloroplast
(cp) DNA and nuclear (nr) DNA are the most significant
tools for phylogenetic studies. Most chloroplast genes have
limited potential to gather mutations®® but much of the
diversity is confined to non-coding regions which
accumulate mutations at higher rate than actual genes. These
regions provide more phylogenetic information at the intra
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and interspecific population level in a variety of
angiosperms® and have also been used to study the
relationship at higher taxonomic level in angiosperms® and
other groups of plants®?’,

The nuclear ribosomal transcription unit; NRTU has 18S,
5.8S and 28S genes in it along with two internal transcribed
spacers (ITS-1 and ITS-2) and one intergenic spacer (IGS).
Mature rRNAs are the key components of cytoplasmic
ribosomes which are produced after transcription by
processing the NRTU. For the last one-decade, internal
transcribed spacers (ITS) sequences of NRTUs are being
globally used in inferring phylogenetic-relationships, to
resolve transformation in a large range of plants and genetic
diversity!18, In the present investigation, nucleotide-
sequences of 1TS1-5.8S-1TS2 of the nr DNA were utilized
to evaluate molecular differentiation/variations in C. wightii
population and their relationship with the geo-graphical
parameters of the areas they inhabit and also to provide
genetic information needed to frame conservation strategies
of C. wightii.

Material and Methods

Germplasm Collection: Survey was conducted to analyze
the gender of plant in each population. Plant materials were
obtained from various eco-climatic regions of Rajasthan
where Commiphora wightii thrives in their natural habitat.
The sample size for each area was varying in this study
because of sample being collected from their natural habitats
and the growth of the species is different in each area.

Fresh young leaves were collected from plant which has
natural growth and belonged to twelve populations from
Rajasthan, India (Table 1). 0.4 g of leaves sample were used
to obtain genomic DNA using modified CTAB methods.
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DNA quality was assessed using agarose (0.8%) gel
electrophoresis and spectrophotometer. Primer 1TS4 and
ITS5 amplified the 5.8S-coding region and the internal
transcribed spacers (ITS1 and ITS2). The products that were
amplified underwent electrophoresis with 1.4% agarose gels
that were produced using a 1X TAE (Tris-acetate-EDTA)
buffer system. The gels were run at a voltage of 5V/cm and
stained with 0.5 pg/L ethidium bromide solution.

A 100 bp DNA ladder was used (Hyperladder IV, Bioline
Ltd., London, UK), to estimate the amplified product’s
molecular weights. After a quick examination of the stained
gels, bands were removed and the gel was eluted using the
Qiagen Min-Elute gel extraction kit. To get accurate and
dependable sequences, the samples were directly sequenced
at Desert Medicine Research Centre, ICMR using an
automated sequencer, ABI-3730xl. For every amplified
sample chosen for the investigation, two sequences which
overlapped for sense strand and antisense strand were
obtained by sequencing the samples using flanking (ITS5
and ITS4) and internal (ITS1 and I1TS2) primers.

Sequencer 4.8 (Gene Codes Corporation, MI, USA) was
used to build complementary strands of the ITS region and
the NCBI BLAST tool (http://www.ncbi.nlm.nih.gov/
BLAST/) was used to determine homology. ClustalX was
used to perform multiple alignments of nucleotides®.
Polymorphism of nucleotide was measured by 6w,
Diversity measured by 7** was calculated by DnaSP v4.5%,
Sequence alignments were obtained and adjusted manually.
Indels were single characters when there was confidence for
positional-homology. There were several gaps which were
considered as missing data among phylogenetic analyses.
Nucleotide multiple alignments were calculated with
MUSCLE (Mega 6).

Table 1
Location of the sample population of C. wightii with terrains and average climatic conditions
S.N. Area Terrain Population Sample Sample Climatic Conditions
Code size code
Ajmer
1. Ajmer Hilly A 7 A3 Hot, Semi-Arid
2. Pushkar Hilly PB 5 PB1 Hot, Semi-Arid
3. Srinagar Rocky SN 5 SN1 Hot, Semi-Arid
4. Mangaliyawas Hilly M 10 M423 Hot, Semi-Arid
Jaipur
5. | Jobner |  Plains | JOB | 6 | JoB6 | Hot, Semi-Arid
Jodhpur
6. | Kailana | Rocky | J |7 | J6 | Hot, Arid Climate
Rajsamand
7. Bheem Rocky BH 1 BH Sub-tropical dry climate
8. Gomti Chouraha Rocky H 6 H2 Sub-tropical dry climate
Udaipur
9. Hilly KG 4 KG2 Tropical climate
10. Kavita Hilly KVT 2 KVT2 Tropical climate
11. Neemach Mata Hilly NM 2 NM1 Tropical climate
12. Thoor Hilly TH 5 TH2 Tropical climate
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Phylogenetic and molecular evolutionary analyses and
Maximum Parsimony (MP) tree were generated using the
Close-Neighbor-Interchange  algorithm  in  MEGA
(Molecular Evolutionary Genetics Analysis) version 6 4,

History of evolution was generated by using a number of
methods like the Maximum-Likelihood method, the
Neighbor-Joining method “3, the Minimum Evolution
method %2, the UPGMA (Unweighted Pair Group Method
with Arithmetic Mean) method 4 and the Maximum
Parsimony method. These were used for analysis of both the
ITS1-5.8S and ITS2-5.8S sequences of populations under
study and were procured from the NCBI GenBank database.
The Maximum Composite Likelihood Estimate of the
pattern of Nucleotide Substitution and Tajima's Neutrality
Test*” were also used for analysing these sequences.

Results
Purification of amplified samples of ITS1-5.8S and ITS2-
5.8S regions of C. wightii nrDNA was followed by
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amplification using ddNTPs with individual forward and
reverse primers. The ABI sequences were visualized in
Chromas LITE 2.1.1 with peaks of individual nucleotides. A
comparative analysis of the total number of bases and GC
content of all the sequenced samples of C. wightii is shown
in table 2 and 3.

Out of the 12 samples sequences for the 1TS1-5.8S region,
sequences for five samples namely A3, KG2, KVT2, NM1
and PB1 could not be generated. Similarly sequences for
four samples namely H2, KG2, KVT2 and PB1 for ITS2-
5.8S region could also be not obtained, therefore these
samples were not included in further sequence analysis. ABI
sequences of ITS1-5.8S and ITS2-5.8S of all the samples
showed more than 60% GC content. Base number in ‘sense’
and ‘anti-sense’ strands of ITS1 region varied from 292 to
540 (sense) and 292 to 492 (anti-sense strands). The GC
content ranged between 60 to 68.60%. The substitution
probabilities involved nucleotide sequences of 7 populations
of C. wightii (Table 4).

Table 2
Nucleotide count and GC content (%) of ABI sequences of 1TS1-5.8S region of nr DNA of C. wightii

Sample Sense strand of 1TS1-5.8S Anti-sense strand of 1TS1-5.8S
No. of A T G C GC (%) No. of A T G C GC (%)
nucleotides Content | nucleotides content
A3 - - - - - - - - - - - -
JOB6 532 122 | 95 | 158 157 68.60 458 91 | 91 | 132 144 60.00
J6 320 66 44 | 103 107 65.62 481 77 | 96 | 169 139 64.03
BH 314 63 41 | 109 101 66.87 292 39 | 57 96 100 67.12
H2 292 46 61 92 93 63.35 292 42 | 56 | 100 94 66.43
KG2 - - - - - - - - - - - -
KVT2 - - - - - - - - - - - -
NM1 - - - - - - - - - - - -
TH2 540 118 | 71 | 182 169 65.00 492 81 | 89 | 163 159 65.44
SN2 488 105 | 66 | 166 151 64.95 456 80 | 85 | 147 144 63.81
423M 454 104 73 130 147 61.01 489 76 91 161 161 65.84
PB1 - - - - - - - - - - - -
Table 3
Nucleotide count and GC content (%) of ABI sequences of 1TS2-5.8S region in the nr DNA of C. wightii
Sample Sense strand of 1TS2-5.8S Anti-sense strand of 1TS2-5.8S
Total No. A T G C GC (%) | Total No.of | A T G C GC (%)
of content | Nucleotides content
Nucleotides
A3 383 70 | 60 | 128 125 66.05 382 65 66 129 | 122 65.70
JOB6 383 70 | 54 | 126 133 67.62 390 74 64 132 | 120 64.61
J6 380 67 | 64 | 118 131 65.52 393 74 67 133 | 119 64.12
BH 383 69 | 56 | 126 132 67.36 394 73 68 135 | 118 64.21
H2 - - - - - - - - - - - -
KG2 - - - - - - - - - - - -
KVT2 - - - - - - - - - - - -
NM1 381 75 66 119 121 62.99 391 64 71 135 | 121 65.47
TH2 385 71 58 124 132 66.49 387 67 67 134 | 119 65.37
SN2 382 68 | 57 | 124 133 67.27 390 66 65 139 | 120 66.41
423M 384 66 | 56 | 129 133 68.22 392 80 65 131
PB1 - - - - - - - - - - - -
https://doi.org/10.25303/209rjbt1660175 168
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Table 4
Maximum Composite Likelihood Estimate of the Pattern of Nucleotide Substitution in 1TS1-5.8S sequences of seven
C. wightii populations.
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Figure 1: Phylogenetic analysis of 1TS1-5.8S region of 39 populations of C. wightii by Maximum Parsimony method

Each of the entries shows the probable reason of replacement
(r) from row to column. For simplifying, addition of all the r
values has been brought equivalent to 100.

Rate of various transitional-replacements are displayed in
bold while those of transversions replacements are displayed
in italics. The nucleotide-frequencies are 14.96% (A),
12.04% (T/U), 33.41% (C) and 39.60% (G). The transitional
substitution was recorded maximum (36.22) between C and
T whereas transversional substitution in G-T and G-C was
10.04.

The history of evolution was also collected by the tool
Maximum-Likelihood method which is displayed on
Tamura-Nei model. The tree which had most log likelihood
(-367.8978) has been displayed here. Initial tree(s) for the
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heuristic generated self by applying the formula of
Neighbor-Join and BioNJ algorithms and estimated using
the Maximum Composite Likelihood (MCL) approach and
from this, the topology which had highest log likelihood
value, were considered. The analysis involved 8 nucleotide
sequences. ITS1 regions from seven C. wightii sample
populations belonging to diverse eco-climatic regions were
sequenced and analyzed. The amplified 1TS1-5.8S regions
of seven samples of C. wightii varied from 292 - 314
nucleotides (Table 5).

Similarity searches of NCBI database sequences showed the
similarity of 90 -100% between the different samples of C.
wightii. The consensus sequence of 1TS1-5.8S regions of
seven populations was aligned individually with 32
sequences (earlier submitted) from NCBI GenBank database
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with accession numbers from EU419958.1 to EU419989.1
(Table 5). These sequences present in the GenBank belonged
to various regions coded as: A- Ajmer, B-Bobas, GH- Galta
Hills, H- Hirnoda, J-Jobner, KG-Kishan Garh and M-
Mangaliyawas.

The results included 39 nucleotide-sequences where the
position of codon positions was 1%t position, 2" position, 3"
position along with the Noncoders. The gaps were deleted.
122 positions were reported in the dataset. The phylogenetic
analysis of 39 sequences of 1TS1-5.8S region of different
biotypes of C. wightii conducted by maximum likelihood
method showed that M423 was grouped with closely related
cluster of M5, J8, A3, A4 and M17 whereas J6 and H2 were
close only to the biotype H5. Similarly, JOB6 was grouped
with biotype GH2.

The history of evolution was also obtained by the tool
Maximum Parsimony method. One of the tree out of the total
8 trees which was the most parsimonious trees (length = 40),
has been shown (Figure 1). The calculations of consistency
index, retention index and composite index are 0.775000
(0.590909), 0.709677 (0.709677) and 0.550000 (0.419355)
respectively for all sites and parsimony-informative sites (in
parentheses).

The MP tree was generated with the help of the Subtree-
Pruning-Regrafting (SPR) algorithm where the initial trees
were also generated by summing up the random sequences
with 10 replicas. Branch lengths in this tree were also
estimated with the help of average-pathway-method. They
are shown next to the branches. The results included 39
nucleotide-sequences where the position of codon positions
was 1%t nucleotide position, 2" nucleotide position, 3
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nucleotide position along with the Noncoders. The gaps
were deleted. 122 positions were reported in the dataset.

The probable reason of replacement (r) from row to column
was displayed for every entry. To make things simple, the
total of the r values is set to 100. Italics is used to indicate
rates of transversional replacements and bold is used to
indicate rates with other transitional substitutions. 15.66%
(A), 12.08% (T/U), 33.19% (C) and 39.07% (G) are the
nucleotide frequencies. A total of 39 nucleotide sequences
were analyzed.

First, second, third and noncoding codon locations were
covered. The missing positions and gaps were eliminated.
The transversional substitution in the ITS1-5.8S region of 39
populations was observed and was found maximum (8.91)
between G and T and between G and C (Table 6). The rate
of transitional substitution between C and T was maximum
i.e. 39.47 whereas the minimum rate of transitional
substitution (0.15) was observed between nucleotides A and
G.

The Tajima's neutrality test involved 39 nucleotide-
sequences where the position of codon positions was 1%
nucleotide position, 2" nucleotide position, 3™ nucleotide
position along with the Noncoders. The gaps were deleted.
122 positions were reported in the dataset. The missing
positions and gaps were eliminated. The test of ITS1-5.8S
region of 39 sequences was performed and a total of 25
segregating sites were observed (Table 7). The ratio of
number of segregating-sites and the total number of sites
were found to be 0.204918. The nucleotide diversity
between all analysed sequences was found to be 0.023915.

Table 5

Per cent similarity of ITS1-5.8s Sequences of 7 populations of C. wightii aligned with sequences from NCBI Gene
Bank database (Accession no. EU419958.1 to EU419989.1)

Maximum Composite Likelihood Estimate of the Pattern of Nucleotide Substitution in the ITS1-5.8S regions

of 39 populations of C. wightii

Biotype Identity Minimum Identity Maximum ldentity
Code Range (%) With Gene Bank database (%) With Gene Bank database
(%) Sequences Sequences

JOB6 90-95 GH H,M,J, A KG

J6 93-97 GH M,H,B,J

BH 95-100 GH H,M

H2 89-93 GH,J H
TH2 95-100 GH H,M

SN2 94-99 J H,M,KG,]
M423 9398 GH H,M

Table 6

A T C G
A - 2.76 7.57 0.37
T 3.57 - 39.47 8.91
C 3.57 14.37 - 8.91
G 0.15 2.76 7.57 -
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Table 7
Results from Tajima's Neutrality Test of 1TS1-5.8S region of 39 populations of C. wightii
M|S Ps o )14 D
39 | 25| 0.204918 0.048468 | 0.023915 | -1.722494

Abbreviations: m = number of sequences, n = total number of sites, S = Number of segregating sites, ps = S/n, ® = ps/al, n =

nucleotide diversity and D is the Tajima test statistic

Table 8
Percentage Identity of ITS2-5.8s Sequences of 8 populations of C.wightii aligned with sequences from NCBI Gene

Bank (from Accession no. EU419958.1 to EU419989.1)

Biotype Identity Minimum Identity Maximum Identity
Code Range (%) With Gene Bank Biotype (%) With Gene Bank Biotype
(%) Sequences Sequences

A3 91-97 J H, A B, M, KG
JOB6 92-98 J H, A, B, M, KG

J6 91-96 J H

BH 94-99 J H, M, KG, A, B,J
TH2 94-99 J H, M, KG, A
NM1 91-97 J H, M, KG, A B
SN2 93-99 J H, M, KG, A, B,J
M423 92-99 J H, M, KG, A, B, J

Table 9

Maximum Composite Likelihood Estimate of the Pattern of Nucleotide Substitution in the 1TS2-5.8S regions
of 40 populations of C. wightii

A T C G

A - 2.4 6.21 | 18.17

T 218 - 30.48 | 5.17

C|218]11.79 - 5.17

G|765| 24 | 6.21 -

Table 10
Results from Tajima's Neutrality Test of ITS2-5.8S region of 40 populations of c. wightii

m| S ps (%) b4 D
40 | 31 | 0.130802 | 0.030751 | 0.012923 | -2.000780

Abbreviations: m = number of sequences, n = total number of sites, S = Number of segregating sites, ps = S/n, ® = ps/al, & =

nucleotide diversity and D is the Tajima test statistic.

ITS2-5.8S regions from eight C. wightii sample populations
belonging to diverse eco-climatic regions were sequenced
and analysed. The amplified 1TS1- 5.8S regions of eight
samples of C. wightii varied between 278 - 326 nucleotides.
Similarity searches of NCBI database sequences showed 91-
99% similarity between different samples of C. wightii
(Table 8). The consensus sequence of ITS2-5.8S regions of
eight populations was aligned individually with 32
sequences from NCBI GenBank database with accession
number from EU419958.1 to EU419989.1. These sequences
present in the GenBank belonged to various regions coded
as: A-Ajmer, B-Bobas, GH- Galta Hills, H- Hirnoda, J-
Jobner, KG-KishanGarh and M- Mangaliyawas.

Table 9 displays the maximum likelihood estimation of
Nucleotide-Substitution pattern. The probable reason for
replacement (r) from row to column is displayed for every
entry. To make things simple, the total of the r values is set
to 100. The rate of several trans-versional replacements is

https://doi.org/10.25303/209rjbt1660175

given in italics and the rates of various transitional
substitutions are displayed in bold. The frequencies of the
nucleotides are 15.04% (T/U), 32.42% (G), 38.89% (C) and
13.65% (A). There were forty nucleotide-sequences in the
analysis. The first sequence, second sequence, third
sequence along with the noncoding codon locations were
covered. Every position with missing data and gaps was
removed. There were 237 positions which were observed in
the final dataset. The analysis involved 40 nucleotide
sequences.

The results included 39 nucleotide-sequences where the
position of codon positions was 1% nucleotide position, 2"
nucleotide position, 3 nucleotide position along with the
Noncoders. The gaps were deleted. 122 positions were
reported in the dataset. The transversional substitution in the
ITS2-5.8S region of 40 populations was observed and was
found maximum 5.17 in between G and T and same in
between G and C. The rate of transitional substitution
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between C and T is maximum i.e. 30.48 whereas minimum
rate of transitional substitution 7.65 was observed between
nucleotides A and G (Table 9).

40 nucleotide sequences were involved in the Tajima’s
neutrality test. The results included 39 nucleotide-sequences
where the position of codon positions was 1%t position, 2™
position, 3™ position along with the Noncoders. The
positions consisting of missing data and gaps were removed.
The test of 1TS1-5.8S of 40 sequences was performed and
total of 31 segregating sites were observed. The ratio of total
segregating sites and total sites was found to be 0.130802
(Table 10). The nucleotide diversity between all the analysed
sequences was found to be 0.012923.

Discussion

The internal transcribed spacer is inserted in 185-5.85-26S
region which separated the rDNA locus elements. The
internal transcribed spacer region consisted of three parts:
The internal transcribed spacer-1 and internal transcribed
spacer-2 and conserved highly i.e. 5.8S rDNA exon located
in between®3. The total length of this region varying between
500 bp to 750 bp in angiosperms®” while it may vary to be
longer in some other seed plants i.e. 1,500-3,500 bp3*34,
Both internal spacers are incorporated into the mature-
ribosome, but during its maturation, it undergoes a specific
cleavage during in ribosomal RNAs!®112122 |t is now
certain that the internal transcribed spacer-2 is capable of
producing the large subunit (LSU) rRNA as part of the
ribosome biogenesis process Hadjiolova.

The accurate larger order configuration of both spacers is
essential for directing endo-nucleolytic enzymes to
appropriate cleavage sites®®. The length of the ITS2
sequence varies significantly among various organisms
although the study done by Hadjiolova et al** observed
structural homologous-domains within  Saccharomyces
cerevisiae and mammals. To overcome the coding-regions,
spacers evolve more quickly, it is widely employed as
phylogenetic-reconstruction marker at various levels. The
initial implementation by Porter and Collins®® has gained
widespread popularity for phylogeny reconstruction. The
ITS, which is a component of the rDNA transcriptional unit,
is found in almost all organisms.

The region in question offers several advantages: (1) It
exhibits biparental inheritance, as opposed to the chloroplast
which was inherited maternally along with its marker of
mitochondria. (2) Amplification of PCR is straightforward,
with numerous primers accessible universally for a wide
range of organisms. (3) It has a multicopy-structure. (4) Its
average size facilitates easy sequencing. (5) Published
studies have demonstrated sufficient variation at the species,
making it suitable for evolutionary research Alvarez.

According to Alvarez and Wendel 2 and Baldwin et al®, the

observed variation is a result of frequent nucleotide
polymorphisms or it may be common insertion along with
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deletions in its sequence. The significant rate of its
divergence is a crucial factor for examining population
differentiation or phylogeography®4%54. The large number of
copies enables very consistent amplification and sequencing
outcomes, as well as the opportunity to investigate
coordinated and intertwined evolution. The utilisation of
Internal Transcribed Spacer (ITS) in phylogenetic
investigations is on the rise, with the range of publically
available ITS sequences having tripled since 2003. The plant
families that have been extensively researched are
Asteraceae, Fabaceae, Orchideaceae, Poaceae, Brassicaceae
and Maggini Apiaceae.

The variability observed in ITS (Internal Transcribed
Spacer) including NRTU  (Nuclear  Ribosomal
Transcriptional Unit) families is typically influenced by
factors such as the range, copies of gene, mutation rates, its
concerted-evolution, the placement of NRTU clusters on
chromosomes and sexual:asexual reproduction 3 14,
Polymorphism can result from the loss of sexual
recombination or by coordinated evolution failing quickly
considerable to homogenise reoccurrence in the face of large
mutation rates®10%°  Also, in agamospermous plants,
concerted evolution has been retarded®”. As C. wightii is
apomictic, its sexual reproduction shortage could be a main
reason for its polymorphism.

In its simulation model, apomixis spread in its population is
never always associated with a decline in its variation in
genetic and majority of it is retained. All mentioned factors
elevate the polymorphism in C. wightii populations,
unfortunately the converse is always reported.

A variety of different forms of ITS1 have been explained,
within and among individuals e.g. Drosophila* and Aedes
species®?, the ortho-pteran Melanopline species®, the
mammal Homo sapiens®®. The equivalence between
processes creating variation and homogenizing processes is
called as degree of sequence variation'®#*, Variation could
be due to sexual reproduction, dispersing of rDNA loci on
different chromosomes (>1 NOR)®, i Schlotterer nter-
breeding with their own sibling species and the pressure of
environment, which may be the reason for minor alleles.
Known homogenizing processes are those processes which
are indulged in concerted evolution'314.24.2531,

In present investigation, all the 12 samples of C. wightii were
subjected to primers ITS1+ITS2 and ITS3+ITS4 in
combinations to amplify 1TS1-5.8S and ITS2 -5.8S
respectively. One amplified segment of 400bp was generated
in A3, JOB6, TH2, SN5, 423M and PB1 by a combination
of ITS1+ITS2 primers whereas two segments of 300bp and
400bp were amplified in BH, H2 and NM1. Primers set
ITS3+ITS4 amplified one segment of each (400bp) A3,
JOB6, J6, KG2, KVT2, NM1, TH2, SN5, 423M and PB1 of
ITS2-5.8S regions of nrDNA. The same primers set
amplified one segment in each BH (300bp) and H2 of size
200-300bp. The consensus sequence of ITS1 region
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generated by assembly of forward and reverse sequences of
sample JOB6 comprised of 171 nucleotides without
ambiguous sites. The consensus sequence of length 171
bases possessed 70.76% GC content.

The consensus sequence generated by forward and reverse
sequences of sample J6 comprised of 154 unambiguous sites
with 71.97% GC content. By comparing nucleotide with the
corresponding trace peak of ITS1 region of sample BH, the
consensus sequence of size 189 nucleotides was generated
with 73.01% GC content. ITS sequences have proved to be
of tremendous utility to angiosperm phylogeny?. ITS, thus,
clearly holds a promise for inferring phylogenetic
relationships among a very large number of taxa. In
angiosperms, in general, ITS is best suited for reconstructing
relationships among closely related genera and intrageneric
groups®’. Given their level of polymorphism at low
taxonomic levels, ITS regions are commonly used to
compile evidence of reticulate evolution.

Sequence additivity?® and PCR-RFLP patterns®38 of the ITS
have been used to find evidence for the origin of hybrids and
to determine their progenitor species. In present study,
sequence alignments of sense and antisense strands of 1TS2-
5.8S were performed subsequently and adjusted manually.
Insertion along with the deletions was scored as single
characters when we expected confidence in positional
homology. Sequence alignment of 1TS2-5.8S of sample
JOB6 was performed and insertion and deletion were scored
to the position homology by observing trace peaks. The
consensus sequence of length 283 unambiguous sites was
generated with 73.14% GC content. The homologous
positioning of nucleotides of sample J6 was also scored on
SegAssem 07 and a nucleotide sequence of 293 sites without
any ambiguity was obtained. The GC content of J6
consensus was 69.62 percent.

Conclusion

Based on the observations through analysis of ITS regions
by the latest software, it can be concluded that the plant of
C. wightii might have evolved during their reproductive
isolation, where continuous habitat loss and fragmentation
of population may be the probable reasons. Especially,
population of Jodhpur (J6), which acted outliner in the
analysis and showed significant diversity in comparison to
the rest of the samples, probably due to variation in climatic
conditions in the area as compared to the rest of populations.
Also, in our study, we observed detrimental effect on genetic
variation when apomictic behaviour and reproductive
isolation were coupled.

Natural population of cross breeding plant species carried
higher genetic diversity levels in comparison to self-
breeders leading to genetic polymorphism justified in this
study which was detected by using ITS1 and ITS2 makers.
It also seems that because of high differentiation in
population, there is a disruption in population continuum
where over exploitation, anthropogenic activities and
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unsustainable utilization will be the reasons. As per our
study, the molecular characterisation of C. wightii was
performed by using Internal Transcribed Spacer (ITS1-5.8S-
ITS2) regions of nrDNA in the vast and diverse
phytogeographical regions of Rajasthan.
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