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Abstract 

 Phylogenetic analysis is a very important aspect in biological sciences since it reveals the 

closest wild relatives of many crop plants for genetic and molecular studies which can be 

used in comparative studies and transfer of useful genes for crop improvement. In this study 

DNA sequence data from nuclear ITS1-5.8S-ITS2 region and chloroplast matK gene of seven 

different wild species of Solanum commonly found in Meghalaya are used. Molecular 

characterization of the sequences have been made on basis of conserve sites, variable sites, 

GC content, indels, transitions, transversions, parsimony informative sites etc. These are the 

parameters which indicate the evolutionary rate, so comparison of these parameters 

provides valuable information regarding efficiency of these regions in phylogenetic study. 

The result shows that both the two regions are useful for phylogenetic study in lower level, 

but the comparison indicates that matK is more phylogenetically informative in this case.    
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1. Introduction 

According to most systematists and evolutionary biologists phylogeny should be the 

central underpinning of research in much of biology. Zuckerandle and Pauling 

(1965) suggested usage of macromolecular sequence data in phylogenetics and also 

gave the idea that phylogeny may be deduced from mutations. So in present days 

various genomic regions are exploited by different systematists to infer phylogeny 

according to their suitability to phylogenetic research. In case of plant phylogenetics 

different nuclear genes are used and among them the most extensively used are 18S 

rDNA and rrn ITS regions. This is because of its ubiquitous presences across the tree 

of life. It also exhibits similar phylogenetic signals at equivalent taxonomic ranks 

(Hillis and Dixon, 1991; Embley et al., 1994; D. Soltis and Soltis, 1995). The first 

major effort to apply 18SrDNA data to angiosperm phylogeny was undertaken in the 

late 1980s and based on direct RNA sequencing of portions of both the 18S and 26S 

regions (Hamby and Zimmer, 1988, 1992; Zimmer et al., 1989). Subsequent studies 

(Nickrent and Franchina, 1990; Boulter and Gilory, 1992; Bharathan and Zimmer, 
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1995) contributed a small subunit database, with the trend toward complete 18S 

DNA sequences. ITS sequences have been utilized for reconstruction of phylogenetic 

relationship in angiosperms (Baldwin et al., 1995), algae (Bakker et al., 1995; 

Coleman et al., 1994). ITS sequences have also been used to infer phylogeny at 

lower taxonomic levels in a diverse array of organisms.  

Among the chloroplast genes the commonly employed are rbcL (ribulose 1,5- 

bisphosphate carboxylase), rps4 (encoding a chloroplast ribosomal protein), ndhF 

(which possibly encodes a dehydrogenase) and matK (encoding a maturase), atpB 

etc. Chase et al., 1993 has provided a database for rbcL, Nadot et al., 1994 used rps4 

in Poaceae to infer phylogeny, ndhF used on Scrophulariacea by Olmstead and 

Reeves, 1995, and in Solanaceae by Olmstead and Sweere, 1995,  atpB used on 

Lardizabalaceae by Hoot et al.,1995.   

Both nuclear DNA Internal Transcribed Spacer region (ITS1-5.8S-ITS2) and 

chloroplast DNA matK region are used to infer phylogeny among lower taxonomic 

groups. In the present study an effort has been taken to characterize Internal 

Transcribed Spacer region (ITS1-5.8S-ITS2) of the 18S-5.8S-28S nuclear ribosomal 

cistron and chloroplast matK gene region, as well as comparison of their perspective 

for phylogenetic utility in context to some Solanum spp. of Meghalaya.     

2.  Materials And Method 

Plant material and taxon sampling 

Solanum aculeatissimum, Solanum sisymbriifolium, Solanum aethiopicum, Solanum 

kurzii, Solanum clavatum, Solanum nigrum and Solanum torvum were collected from 

forests around Shillong, Meghalaya (North- East India) (Table 1). Voucher 

specimens are lodged in the Herbarium of Botany Department, North Eastern Hill 

University. 

Species Specimen 

voucher
a 

ITS matK 

Solanum khasianum Clarke NEHU-11928 KC535792 KC535798 

Solanum sisymbriifolium Lamk. NEHU-11929 KC535789 KC535799 
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Solanum gilo Req. ex Dunal NEHU-11931 KC535795 KC535801 

Solanum kurzii Brace ex Prain NEHU-11934 KC535794 KC535800 

Solanum clavatum Rusby NEHU-11933 KC535790 KC535796 

Solanum nigrum L. NEHU-11930 

 

KC535791 KC535797 

Solanum torvum Sw. NEHU-11932 

 

KC535793 KC535802 

 

Table1. Specimens voucher, accession numbers of deposited sequences of all the 

seven Solanum spp. collected. (
a 

Specimen vouchers deposited at the Herbarium, 

Department of Botany, North Eastern Hill University.) 

DNA extraction, amplification and sequencing 

Genomic DNA was isolated from fresh leaves using CTAB method (Doyle and 

Doyle, 1987). Primers were designed targeting two regions of the genome- nuclear 

ITS region and chloroplast region matK (Table 2). 

Primer name Sequence 

SITSF 5’AAACCTGCACAGCAGAACGAC3’ 

SITSR 5’GGTCGCGGTCGGAGCGCG 3’ 

SmtKF 5’CACAAACTAGACGAAGCTC3’ 

SmtKR 5’TATGCACTTGCTCAGGATC3’ 
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Smtk1 5’ AATATATTTCTATGGAAAAAG3’ 

Smtk2 5’ ATCAAAGGATCCTTGAATAAC3’ 

  

Table 2. The primers designed and used in this study and their sequences. 

Amplification of rrn ITS, and matK 

Each reaction mix contained 2.5 µL of 10X PCR assay buffer, 2.5 µL of MgCl2 

(25mM), 3 µL each of the individual dNTP (1.25 mM), 1.5 µL of each primer pair (5 

pM), 0.3 µL of Taq polymerase (3 Units/ µL), and the final volume was made up to 

25 µL by adding ultra pure water., Polymerase chain reaction was carried out 

targeting the genes using the respective primer pairs (Table 2). The thermalcycler 

was programmed with the following parameters: premelt at 94 
0
C for 5 min followed 

by 35 cycles consisting of denaturation at   94 
0
C for 30 sec, annealing for 1 min at 

65
0
C and 64

0
C for rrn ITS and matK respectively and extension at 72 

0
C for 1 min. 

The main programme was followed by a final extension step of 72 
0
C for 10 mins. 

Internal primer pairs namely Smtk1, Smtk2 were used for sequencing purpose of 

matK .Amplified PCR products were purified using Himedia Quick gel extraction 

kit. Sequencing was carried out by 3130 Genetic Analyzer (Applied Biosystems) in 

North Eastern Hill University.  

Sequence alignment and Sequence characteristics 

Sequences of both the two regions were subjected to Multiple Sequence Alignment 

using the CLUSTAL X (2.0) program (Thompson et al., 1997) with default settings.  

 Sequence characteristics of both the studied regions were calculated before 

performing phylogenetic analyses by using both MEGA version 5 (Tamura et al., 

2011) and Seqstate v.1.21 (Müller, 2005). The two data sets were analyzed 

separately as shown in the table 3. 
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RESULTS AND DISCUSSIONS 

The sequences of both ITS and matK of all the species of Solanum were aligned with 

Multiple Sequence Alignment using CLUSTAL X program separately. The numbers 

of characters for each regions, the percentage of conserved sites, variable sites, 

parsimony informative characters, GC content, transitions, transversions, indels etc. 

were analysed and are described in Table 3, as the analyses of these characters are 

very important in phylogenetic point of view. Both the two regions namely ITS and 

matK showed variable sequence lengths. The sequence length of ITS for all the seven 

species studied ranged from 575-619bp, while matK sequence length ranged from 

1282-1302bp. They have an aligned sequence length of 641 and 1356 characters for 

ITS and matK respectively. ITS has lowest percentage of conserved sites (51.48%) 

than matK (85.69%) and thus ITS has the most variable region (46.49%) generating 

highest number of parsimony informative sites (17.32%) than that of matK (10.46%) 

which provides 1.80% of parsimony informative sites. The % GC content is higher in 

case of ITS (61.2%) than matK (32.4%). Among the two regions studied total 

transitions and transversions were higher in case of ITS than that of matK. The 

highest number of indels were recorded in ITS (19.81%) followed by matK (8.0%). 

Average number of base substitutions per site is recorded higher in case of matK as 

seen in table 3 which is 0.058 than ITS where average number of base substitution 

per site is 0.03. Retention index and consistency index are two important criterion on 

basis of which the intensity of homoplasy can be assumed in a given array of DNA 

sequence. So in our study it has been seen that (Table 3) matK is occupying higher 

position in case of both retention index (0.85) and consistency index (0.84) than ITS 

where retention index is 0.58 and consistency index is 0.65.  

Dataset characteristics ITS matK 

Genome Nuclear Chloroplast 

Range of raw length 575-619 1282-1302 

Aligned length 641 1356 

Conserved sites (%) 51.48 85.69 
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Variable sites (%) 46.49 10.46 

Parsimony informative sites (%) 17.32 1.80 

Transitions  71 15 

Transversions 47 19 

Indels (%) 19.81 8 

Retention index (RI)
 

0.58 0.85 

Consistency index (CI)
 

0.65 0.84 

 

Table 3. Sequence information and comparison of data sets from two nuclear regions 

and two chloroplast regions. 

To infer phylogenetic relationship at different taxonomic levels both chloroplast 

DNA (cpDNA) and nuclear ribosomal DNA (nrDNA) are used (reviewed by Palmer 

et al., 1988; Hamby and Zimmer, 1992). Nuclear ribosomal ITS and chloroplast 

matK are two regions which are extensively used to infer phylogenetic relationship at 

lower taxonomic levels. ITS is a noncoding region and that is why it is prone to rapid 

evolutionary changes but though cp matK is a coding region it is the most rapidly 

evolving coding region found so far within chloroplast genome (Neuhaus and Link, 

1987; Olmstead and Palmer, 1994). So in the present study both the two regions were 

amplified and sequenced for all the seven species of Solanum so that a comparison 

can be made in respect to their phylogenetic utility. From the results it has been seen 

that ITS contains more variable sites than matK. Insertions and deletions (indels) are 

also more common in case of ITS. As expected ITS provide more parsimony 

informative characters as was also reported by Shaw et al., 2005. The nuclear ITS 

data set had higher percentage of variable sites together with higher parsimony 

informative characters than matK, which suggests its higher level of homoplasy. 

Alvarez and Wendel (2003) also reported that ITS shows higher level of homoplasy 
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as compared to other DNA sequence data sets. This is due to orthology/paralogy 

conflation, compensatory base changes, problem in alignment due to indel 

accumulation, sequence errors, and some combinations of these phenomena. The 

chloroplast matK gene was found to be more informative having both a high 

percentage of Parsimony informative characters as well as high Consistency and 

Retention indices which suggests a low level of homoplasy. Mort et al., 2007 also 

reported similar type of results suggesting that homoplasy in ITS was relatively high 

compared to the cpDNA loci. According to Alvarez and Wendel (2003), despite the 

universal usage of ITS sequence data in plant phylogenetic studies, its complex and 

unpredictable evolutionary behavior reduce its utility for phylogenetic analysis. Thus 

from the above results and discussions it can be concluded that matK is more 

efficient to resolve phylogenetic relationship compared to that by ITS in this case. 
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