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Abstract 

 
A molecular systematics analysis was conducted using sequence data of chloroplast rbcL gene for the genus 

Convolvulus L., by distance and character based phylogenetic methods. Fifteen representative members from genus 
Convolvulus L., were included as ingroup whereas two members from a sister family Solanaceae were taken as outgroup to 
root the tree. Intraspecific relationships within Convolvulus were inferred by distance matrix, maximum parsimony and 
bayesian analysis. Transition/transversion ratio was also calculated and it was revealed that in the investigated Convolvulus 
species, transitional changes were more prevalent in rbcL gene. The nature of rbcL gene in the present study was observed 
to be conserved, as it does not show major variations between examined species. Distance matrix represented the minimal 
genetic variations between some species (C. glomeratus and C. pyrrhotrichus), thus exhibiting them as close relatives. The 
result of parsimonious and bayesian analysis revealed almost similar clades however maximum parsimony based tree was 
unable to establish relationship between some Convolvulus species. The bayesian inference method was found to be the 
method of choice for establishing intraspecific associations between Convolvulus species using rbcL data as it clearly 
defined the connections supported by posterior probability values.  
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Introduction 
 

Convolvulus is a genus of flowering plant family 
Convolvulaceae and comprised of about 200 to 250 
species worldwide (Carine & Lavinia, 2010; Parnell & 
Curtis, 2012). The species belonging to the genus 
Convolvulus are found across all or most of the world in 
appropriate habitats thus having a cosmopolitan 
distribution. The biodiversity hubs of Convolvulus are 
mainly found in western Asia, Mediterranean and 
Macronasia (Carine et al., 2004). In Pakistan, the genus 
Convolvulus is represented by 21 wild and cultivated 
species including one endemic species Convolvulus 
scindicus (Ghazanfar, 1979). The Convolvulus species are 
well known for their economic and medicinal value and 
they have long been used as ornamentals, laxatives and as 
a brain tonic (Bhowmik et al., 2012; Agarwal et al., 
2014a; Sahu & Gupta, 2014; Agarwa et al., 2014b). 

Many genera of family Convolvulaceae are difficult 
to delineate including genus Convolvulus (Wilson, 1960; 
Austin, 1975). The species origin is challenging in 
Convolvulus especially in those regions where this genus 
is reasonably diverse. All species included in the genus 
Convolvulus, form clusters where the boundaries of 
individual species are far from satisfactory and many that 
are adequately delineated although having close relatives. 
The placement of a number of intraspecific taxa has also 
been moved by different authors from one species to 
another has been a source of debate (Wood et al., 2015).  

The high rate of variations in the phenotypic 
characteristics of Convolvulus made it difficult to classify at 
intraspecific level. Sometimes variations are found in same 
species in response to the environmental conditions. Previous 
reports did not provide stronger evidence in species 
delimitation and their association as few characters were 
taken into consideration for the classification (Stefenovic et 

al., 2002; Khalik, 2008). The genus Convolvulus has been 
revised taxonomically from different areas due to 
overlapping characters and as a result some new species are 
also discovered by means of phenetic parameters (Alfarhan, 
1993; Johnson, 2001; Aykurt & Sümbül, 2011; Mill, 2013). 
However, fewer studies of Convolvulus at molecular have 
been conducted in (Stefenovic et al., 2002; Carine et al., 
2004). The plastid rbcL gene, which codes for the large 
subunit of ribulose- 1,5-bisphosphate carboxylase/oxygenase 
(RuBisCO or RuBPCase), is the extensively used marker for 
the phylogenetic investigation of higher plants (Schuettpelz 
et al., 2006; Bafeel et al., 2012; Zitouna et al., 2014). Other 
non-coding markers are also used successfully in molecular 
systematic studies (Jamil et al., 2014). The present study was 
focused on establishing phylogenetic relationship between 
species of Convolvulus using rbcL data by distance method, 
maximum parsimony and bayesian approach.  
 
Materials and Methods 
 
Plant materials: Fifteen different Convolvulus species 
were collected from different locations of Sindh, Pakistan 
while two species from a sister family Solanaceae were 
also taken as out group. Some specimens were also taken 
from Karachi University Herbarium (KUH), Centre for 
Plant Conservation. 
 
Identification of plants on morphological basis: The 
collected species were identified with the help of their 
morphological characters described in different floras, 
literature and authentic herbarium specimens. Herbarium 
sheets were prepared and deposited to Karachi University 
Herbarium (KUH), Centre for Plant Conservation. The 
plant materials, their location, herbarium voucher number 
and Genbank accession numbers are listed in Table 1.   
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Table 1. List of plant material used in this study along with their collection site (locality) voucher number and 
Genbank accession number. 

S. # Species Locality Specimen 
voucher No. 

Genbank 
accession No. 

1. Convolvulus arvensis Botanic garden (KU) GH86574 KT596044 
2. Convolvulus prostratus North Nazimabad GH86568 KT596045 
3. Convolvulus scindicus Thanobulla Khan GH87724 KT596046 
4. Convolvulus glomeratus North Nazimabad GH86572 KT596047 
5. Convolvulus spinosus Thatta GH86624 KT596048 
6. Convolvulus fruticosus Herbarium GH58159 KT596049 
7. Convolvulus virgatus Herbarium GH61439 KT596050 
8. Convolvulus pseudocantabricus Herbarium GH61485 KT596051 
9. Convolvulus cephalopodus Herbarium GH46285 KT596052 

10. Convolvulus rhyniospermus Herbarium GH61370 KT596053 
11. Convolvulus lineatus Herbarium GH46811 KT596054 
12. Convolvulus kotscyanus Herbarium GH47622 KT596055 
13. Convolvulus pyrrhotrichus Herbarium GH45068 KT596056 
14. Solanum forskalii Malir GH88012 KT596057 
15. Datura alba Karachi University GH88010 KT596058 

 
DNA extraction, PCR amplification and sequencing: 
DNA from fresh leave tissue was isolated by using 
cetyltrimethylammonium bromide (CTAB) method 
described by Doyle & Doyle (1987). Dried tissue from 
herbarium specimen was used to extract DNA by using Plant 
Direct PCR Kit (MOLEQULE-ON, NZ). The rbcL region 
was amplified by using genus specific primer; forward 
5’GCTGCGGAATCTTCTACTGG3’ reverse 5’CTAAAGTTCCTCCCCCGAAC3’. 
Total 30µl reaction mixture was made with 1X PCR buffer, 
1.5mM MgCl2, 0.2mM dNTPs, 1µM of each forward and 
reverse primer and 1U of DNA Taq polymerase 
(MOLEQULE-ON, NZ). The Thermal cycler profile set at 
94°C for 5 min, 35 cycles of 94°C for 30 sec, 55°C for 35 
sec, 72°C for 1 min and a final extension at 72°C for 5 min. 
The amplicons were checked on 1% agarose gel 
electrophoresis and after purification with PCR purification 
kit (MOLEQULE-ON, NZ) sent to direct sequencing to 
Bioneer Inc. (Korea). 
 
Sequence editing and alignment: Each sequence was 
analyzed by using nucleotide specific Basic Local 
Alignment Search Tool (BLASTn) (Altschul et al., 1990). 
Sequences were edited manually to resolve any 
discrepancy. Multiple sequence alignment (MLA) was 
performed for all sequences using Multalin software 
(Corpet, 1988). Open reading frames and protein sequences 
were obtained by using NCBI ORF Finder (Wheeler et al., 
2003) and Expasy translate tool (Gasteiger et al., 2003) 
respectively. The refined sequences were deposited to 
NCBI Genbank and accession numbers were recorded.  
 
Phylogenetic tree reconstruction using molecular data: 
The relationship between different species of genus 
Convolvulus was studied by maximum parsimony (MP) 
method in PAUP* version 4.0b10 (Swofford, 2003) using 
heuristics search with 1000 replicates, random stepwise 
addition of sequence and tree- bisection-reconnection (TBR) 
branch swapping algorithm. Strength of clades was estimated 
using the 1000 bootstrap replicates (Felsenstein, 1985). Datura 
alba and Solanum forskalii from Solanaceae were used as 

outgroup in this study. Kimura 2-parameter genetic distances 
and transition/transversion ratio were also calculated using 
PAUP* (Swofford, 2003). Bayesian Inference (BI) a character 
and model based approach, which estimates probability value 
was used for further corroboration by using BEAST (v1.8.0) 
(Drummond & Rambaut, 2007). Model selection for BI 
analysis was performed using default parameters of 
JModelTest (v 2.1.4) (Darriba et al., 2012). Final trees were 
visualized in FigTree (v1.4.0).  
 
Results 
 

The PCR for rbcL gene in all investigated species 
produced ~1050 bp monomorphic fragment. The analogue of 
the sequenced products was recognized using the BLAST on 
NCBI server (http://blast.ncbi.nlm.nih.gov/Blast.cgi). All the 
sequences showed 95 to 99% identity to available Convolvulus 
species. The average GC content in all investigated species 
found to be around 43% and the aligned sequences span 
around 1000 nucleotide. The ratio of transitions (changes 
between pyrimidines ‘C  T’ or between purines ‘A  G’) to 
transversions (changes between pyrimidines and purines ‘A  
C’ ‘A  T’ ‘G  C’ ‘G  T’) was estimated using the 
treescores/likelihood option in PAUP*4 on the 13 Convolvulus 
ingroup species only. Kimura 2-parameter distance matrix is 
shown in Table 2 and the recorded data for transition/ 
transversion ratio is given in Table 3. The K2P genetic 
distance between the investigated species was found to be in 
the range of 0.009 to 0.029 with the lowest distance 
determined between the C. glomeratus and C. pyrrhotrichus 
while the greatest distance farther the C. lineatus from C. 
arvensis. The Convolvulus rbcL data set was measured to have 
a transition/transversion (ti/tv) ratio between 0.2 to 2.2. The 
low transition/transversion (ti/tv) rate (0.2) between the C. 
virgatus and C. glomeratus indicated more tranversional 
changes between the two species while C. kotschyanus and C. 
rhyniospermus accumulate more transitional changes (2.2) 
during the evolutionary course. The overall ti/tv rate between 
all investigated taxa gave 53.8% transitions, 38.5% 
transversions and 7.7% equal changes. 
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Table 2. Kimura 2-parameter distance matrix of Convolvulus species. 
 1 2 3 4 5 6 7 8 9 10 11 12 

2 0.0110 -           
3 0.0178 0.0181 -          
4 0.0199 0.0213 0.0169 -         
5 0.0250 0.0211 0.0179 0.0109 -        
6 0.0210 0.0202 0.0159 0.0159 0.0159 -       
7 0.0280 0.0223 0.0199 0.0240 0.0231 0.0230 -      
8 0.0290 0.0254 0.0238 0.0178 0.0189 0.0228 0.0168 -     
9 0.0245 0.0269 0.0203 0.0225 0.0227 0.0205 0.0255 0.0225 -    
10 0.0265 0.0290 0.0244 0.0245 0.0247 0.0225 0.0255 0.0244 0.0148 -   
11 0.0236 0.0250 0.0183 0.0122 0.0123 0.0164 0.0215 0.0122 0.009 0.0160 -  
12 0.0249 0.0212 0.0178 0.0190 0.0170 0.0139 0.0229 0.0230 0.0203 0.0245 0.0184 - 
13 0.0281 0.0252 0.0220 0.0160 0.0119 0.0159 0.0261 0.0140 0.0215 0.0236 0.0113 0.0149 

The numbers in the Table 2 represent the following species. 1. C. arvensis, 2. C. fruticosus, 3. C. spinosus, 4. C. kotschyanus, 5. C. 
virgatus, 6. C. rhyniospermus, 7. C. prostratus, 8. C. lineatus, 9. C. pyrrhotrichus, 10. C. pseudocantabricus, 11. C. glomeratus, 12. C. 
scindicus, 13. C. cephalopodus 

 
Table 3. Apparent transition/transversion ratio between all investigated species of Convolvulus. 

 2 3 4 5 6 7 8 9 10 11 12 13 
1 1.20 1.50 1.50 0.92 1.62 1.33 1.63 1.00 1.60 0.91 0.92 1.15 
2 - 0.63 1.62 0.90 1.22 1.44 1.50 1.00 1.54 0.84 0.75 1.27 
3  - 1.42 0.80 1.28 0.81 1.18 0.81 1.18 0.63 0.80 1.20 
4   - 0.83 2.20 1.00 1.25 1.20 1.40 0.50 1.37 1.66 
5    - 0.77 0.90 0.72 0.83 1.00 0.20 1.12 1.00 
6     - 0.76 1.30 1.22 1.44 0.77 1.00 1.20 
7      - 1.12 0.92 1.27 0.61 0.76 1.16 
8       - 1.20 1.40 0.50 0.91 1.33 
9        - 1.14 2.00 0.81 1.10 
10         - 0.77 1.18 1.30 
11          - 0.63 0.37 
12           - 1.50 

The numbers in the Table 3 represent the following species. 1. C. arvensis, 2. C. fruticosus, 3. C. spinosus, 4. C. kotschyanus, 5. C. 
virgatus, 6. C. rhyniospermus, 7. C. prostratus, 8. C. lineatus, 9. C. pyrrhotrichus, 10. C. pseudocantabricus, 11. C. glomeratus, 12. C. 
scindicus, 13. C. cephalopodus 

 
The maximum parsimony based phylogenetic tree 

was constructed based on the chloroplast rbcL gene 
sequence (Fig. 1). Total 1062 characters were used in 
this analysis, out of which 930 characters were 
constant. Eighty nine characters were considered 
informative for MP tree construction out of total 132 
variable characters. The tree length was calculated as 
222 while measure of homoplasy were determined as CI 
(0.72) and RI (0.58). The overall topology of MP tree 
was not fully resolved. Two major lineages with 
moderate support separate C. rhyniospermus from other 
species. The majority rule consensus tree gave weak 
support (51%) to a clade that represented three species; 
C. arvensis, C. fruticosus and C. spinosus, while within 
this clade the sister association between the first two 
species was strongly supported by 92% bootstrap value. 
A weak relation was also observed between C. 
prostratus and C. lineatus. A clade with moderate 
support (80%) established close association between C. 
pyrrhotrichus, C. pseudocantabricus and C. glomeratus.  

Another tree using same data was reconstructed by 
Bayesian inference. This method relies on best nucleotide 

substitution model and for this dataset it was found to be 
Hasegawa-Kishino-Yano with gamma distribution 
(HKY+G). The tree topology was much clear compared 
to parsimony approach. A monophyletic clade of genus 
Convolvulus was observed against two outgroups from 
the genera Datura and Solanum (Fig. 2). The Convolvulus 
clade diverges into two lineages. The basal lineage with 
strong support of posterior probability (PP) value 
combines three species of Convolvulus (C. glomeratus, C. 
pyrrhotrichus and C. pseudocantabricus), while the upper 
lineage with weak supportive value further separated into 
two nodes. The top nodal branch represents the sister 
association between C. lineatus and C. prostratus with 
0.86 PP. The second nodal branch further splits into two 
groups with weak PP support. The first group exhibits two 
nodes, one showing strongly supported sister relationship 
between C. scindicus and C. rhyniospermus, while the 
other moderately support close association between C. 
cephalopodus, C. virgatus and C. kotschyanus. The 
second group clustered three species C. fruticosus, C. 
arvensis and C. spinosus, in which the association 
between the first two is strongly supported. 
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Discussion 
 

 
 
Fig. 1. Majority rule consensus parsimonious tree resulting from the analysis of rbcL gene sequence for Convolvulus. Bootstrap 
supports in percentages based on 1000 replication analysis are shown in the nodes. 
 

 
 
Fig. 2. Phylogenetic tree with mean branch lengths from a representative Bayesian analysis of Chloroplast rbcL gene data. Numbers 
on branches represent their respective posterior probabilities. 
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The current study emphasized on different 
phylogenetic approaches to establish intraspecific 
relationships between Convolvulus species. The species 
concept has long been a crucial issue in systematic 
biology and different phenetic, cluster and phylogenetic 
approaches were adopted to resolve the relationships 
between plant species. Moreover, the use of DNA 
sequence data for species delimitation is also an 
innovative approach in infraspecific classification 
(Williams et al., 2014). The genus Convolvulus has been 
studied in the present work by using different 
phylogenetic approaches and by distance matrix. The 
genetic distance between species are generally 
calculated by dividing number of variable sites from 
total number of sites available. Kimura two parameter 
(K2P) model assume that transitions and transversions 
happen at different rates and all nucleotides occur at the 
same frequency (Kimura, 1980), whereas other models 
such as Felsenstein (F84) and Hasegawa-Kishono-Yano 
(HKY85) allow the four nucleotides present in different 
frequencies and transitions and transversions occur at 
different rates (Felsenstein, 1981; Hasegawa et al., 
1985). In the present study, K2P and HKY models were 
used to delimit the relations between Convolvulus 
species. However, both models almost established the 
same relationships between species. HKY model was 
used in Bayesian analysis, resulting in a resolved 
phylogenetic tree displaying different clades of sister 
species. It showed close associations between C. 
glomeratus, C. pyrrhotrichus and C. pseudocantabricus 
supported by full probability (1) for their occurrence in 
one clade. The consensus maximum parsimony tree also 
supports the close relationship of stated three species 
with strong bootstrap value.  Morphologically, 
Convolvulus glomeratus is non-spiny herb while 
Convolvulus pyrrhotrichus, and C. pseudocantabricus 
are non-spiny shrubs. The three species share some 
common characters for instance their style and ovary are 
glabrous, seeds are brown, rough and inflorescence is 
axillary cymose (Ghazanfar, 1979). The genetic distance 
between C. glomeratus, C. pyrrhotrichus was estimated 
to be lowest (0.009) indicating not much difference at 
nucleotide level while between C. pyrrhotrichus and C. 
pseudocantabricus and C. glomeratus and C. 
pseudocantabricus is 0.014 and 0.016 respectively 
which is also support that there is little variations 
between the above mentioned species. The 
transition/transversion (ti/tv) ratio between C. 
glomeratus, C. pyrrhotrichus is found to be at higher 
side (2.00) demonstrating more transitional substitutions 
between these species. Because there are four possible 
transition and eight possible transversion states therefore 
transversions are expected to occur twice as frequently 
as transitions, assuming equal probabilities of all 
nucleotide substitutions. However, in almost all genomic 
DNA sequences, transitions have been noted to occur at 
higher frequencies than transversions (Soltis & Doyle, 
2012). Our result also corroborates with the previous 
findings and determine that in all investigated species of 

Convolvulus transitions occur most frequently (53.8%) 
than transversions (38.5%).  It has been observed that a 
negative correlation exists between the genetic distance 
and the observed transition/transversion (ti/tv) ratio, at 
low levels of genetic divergence, transition/transversion 
(ti/tv) appear to be high, and at high level of genetic 
divergence, transition/transversion (ti/tv) appears to be 
low (Yang & Yoder, 1999). This finding also seems to 
be true in our outcome that at low genetic distances, 
transition/transversion (ti/tv) ratio appear to be at higher 
site. The model-based tree exhibited the strong 
association between C. lineatus and C. prostratus with 
strong probability value. The presented parsimonious 
tree also demonstrates their relationship. From 
morphological point of view, these two species are non-
spiny perennial green herbs with procumbent or 
ascending pubescent stem. They also share many other 
common characters (Ghazanfar, 1979).  The genetic 
distance between C. lineatus and C. prostrates also show 
less variable sites (0.016) while the 
transition/transversion (ti/tv) ratio indicates more 
accumulation of transition mutations. Another clade was 
observed which support the associations between C. 
fruticosus, C. arvensis and C. spinosus, in which the 
association between the C. fruticosus and C. arvensis 
was strongly supported by both bayesian and parsimony 
based phylogenetic trees. Furthermore, the genetic 
distance also suggests the connection between C. 
fruticosus and C. arvensis by presenting low variations 
(0.011) while the genetic distance between the two 
species with C. spinosus is found to be 0.018. 
Convolvulus arvensis is non-spiny while C. fruticosus 
and C. spinosus both are perennial spiny shrubs.  

The HKY with gamma distribution based bayesian 
tree represents close relationship between C. scindicus 
and C. rhyniospermus, while the moderately support is 
given to establish close association between C. 
cephalopodus, C. virgatus and C. kotschyanus. This 
association between five species is not resolved in MP 
based tree. These five species belong to a non-spiny group 
at morphological level.  

Daughter species gradually separate with time, but 
they do not simultaneously acquire different phenotypic 
properties which define them as diverse species 
(Vanderpoorten & Shaw, 2014). In the present study, at 
the species level, molecular data (rbcL) supports the close 
association between different Convolvulus species and the 
model based bayesian inference approach appear to be the 
method of choice for establishing intraspecific 
relationships in genus Convolvulus. Further work is 
needed to accurately correlate these intraspecific 
groupings with morphology or geography.  
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