
Chemical Science Review and Letters  ISSN 2278-6783 

DOI:10.37273/chesci.cs205507071          Chem Sci Rev Lett 2024, 13 (50), 74-78           Article cs cs205507071  74 

Research Article 

 

Elucidation of Single Nucleotide Polymorphisms in Starch Synthase, a 
Key Starch Metabolic Gene of Musa 

Muhilan Mahendhiran* and Hoshiyar Singh 

Faculty of Agriculture, Vivekananda Global University (VGU), Sector 36, NRI Colony Rd, V I T Campus, Jagatpura, Jaipur - 

303012, Rajasthan, India 

Introduction 
Starch synthase 

Starch synthase or SS (EC 2.4.1.21), catalyzes the transfer of a glucosyl unit from ADP Glucose to a growing 

polymer chain through α-(1-4) glycoside bond in the starch metabolism [1, 2]. ADP glucose is the product outcome of 

AGPase enzyme and it is polymerized into α (1, 4) linked chains by multiple isoforms of starch synthase.  

Various SS isoforms have been identified through gene sequences in several plant genomes. In higher plants, 

there are 10 SS isoforms separated into five classes (GBSS, SSI, SSII SSIII and SSIV); two granule-bound starch 

synthase (GBSS) isoforms (GBSSI and GBSSII) in the GBSS type, one SSI isoform in the SSI type, three SSII 

isoforms (SSIIa or SSII-3), SSIIb (SSII-2) and SSIIc (SSII-1) in the SSII type, two SSII isoforms (SSIIIa or SSIII-2) 

and SSIIIb (SSIII-1) in the SSIII type, and two SSIV isoforms (SSIVa or SSIV-1) and (SSIVb or SSIV-2) in the 

SSIV type [3]. The isoforms within each of the major classes of SS genes are highly conserved in higher plants 

through the dicots and monocots [4]. The objective of this work was to investigate the Single Nucleotide 

Polymorphisms (SNPs) in these sequences in both coding and non-coding regions and analyse their evolutionary 

relationships. Further studies of these genes may provide valuable insights and outputs in bananas and plantains. 

Materials and Methods 
Sample collection 

Young cigar leaves from different banana and plantain genotypes were collected from the INIFAP (Instituto Nacional 

de Investigaciones Forestales, Agricolas y Pecuarias) research farm at Uxmal, Yucatan, Mexico. Ten representative 

accessiones were selected for getting amplicons from Starch synthase in starch metabolism including dessert, 

plantains, cooking bananas. Tissues were disinfected before further extraction of DNA from the plant cigar leaves.  
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DNA extraction 

Plants used for this study were obtained from the Bioversity´s International TransitCentre. Total Genomic DNA from 

the ten Musa accessions was extracted from 100 mg of frozen young cigar leaves following the protocol from [5] with 

some modifications. DNA quality and concentration were determined using a spectrophotometer according to Stulnig 

and Amberger, 1994 [6]. 

Primer designing 

Specific primer was designed for Starch synthase, associated with starch biosynthesis. In order to obtain the 

homologous sequences in banana, sequence information was obtained from the closely related monocotyledonous 

plants such as maize, wheat, rice and other species. The amino acid sequences retrived from the databases and check 

out the consensus sequences to make the specific primer for Starch synthase. The highly conserved regions were 

selected from the pairwise alignments and used to create a multiple sequence FASTA file. Subsequently the 

sequences were aligned using the software Bio-edit (12.5 version) and this software shows the regions of conserved 

sequences. After that these conserved regions were analyzed to identify identical sequences shared by homologous 

genes. 

A pair of specific primers was designed for the gene encoding SS. Protein sequence information was obtained 

from the Musa acuminata accession (NCBI-GenBank ABF69970.1) corresponding to the cDNA. The homologous 

sequences of 10 closely related plant accessions (including Musa) for primer design are listed below: AAC14014.1-

Zea mays; AAF87999.1- Triticum aestivum; AAF88000.1-Aegilops tauschii; AAS88893.1- Ostreococcus tauri; 

AAY42381.1- Chlamydomonas reinhardtii; ABF69970.1- Musa acuminata; CAA64173.1- Solanum tuberosum; 

CAB40374.1- Vigna unguiculata; NP_172637.1- Arabidopsis thaliana; NP_001053933- Oryza sativa Japonica group. 

The sequence of starch synthase, the forward primer sequence was 5'- ATGGAGCTGATTCTGCTGATGTGG-3' and 

the reverse primer sequence was 5'- GAGTTCCATATAGTCCAAAGCCG-3´ respectively. The optimal (Tm) 

annealing temperature for SS primer sets was 55°C and the expected size of the amplicon of this primer set was 831 

bp. 

Results 
Amplification of SS fragments 

The designed primers amplified a fragment of 831 bp of the SS, which extends from exons 6 to 7 of Musa acuminata 

(NCBI-GenBank ABF69970.1). The amplicons were isolated and purified for the next transformation and cloning 

experiments. 

Analysis of starch synthase gene fragments 

In order to analyse the variation from SS gene fragments at the molecular level, 6 Musa cultivars and 4 Musa wild 

ancestors were selected as representatives in this study (Table 1.1). For the amplification of SS, the designed primers 

amplified a fragment of 831 bp which extends from exon 6 to 7 of AFF69970.1, which constitutes two exon regions 

and one intron from the amplified DNA (Figure 1). 

 
Figure 1 Consensus regions from Exons 6 to 7 in two Musa SS variants. Two variants were obtained and the 

consensus is shown in the figure 
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Table 1 Sequenced Clones & Variants distribution of SS gene fragments within 10 Musa accessions. The sequenced 

clones were distributed into 2 variants for SS enzyme 

No Accession Name *ITC Genome Starch Synthase (SS) 

Variant 1 

(No. of clones) 

Variant 2 

(No. of clones) 

Total No.  

of clones 

1 M. a. banksii 0623 AA 8 3 11 

2 M. a. malaccensis 1345 AA 10 2 12 

3 M. a. cv. Pisang lilin 1121 AA 8 2 10 

4 Safet velchi 0245 AB 10 0 10 

5 Musa balbisiana - BB 9 3 12 

6 Gros Michel 0484 AAA 9 1 10 

7 Mbwzruimbe 0084 AAA 7 3 10 

8 Bluggoe 0767 ABB 7 3 10 

9 Popolou 0335 AAB 7 4 11 

10 Musa beccari 1070 - 8 5 13 

 Total clones - - 83 26 109 
*ITC: International Transit Centre, Leuven, Belgium 

Phylogenetic analysis and haplotype diversity of SS 

One hundred and nine sequences were analyzed in the exon regions of SS, and 34 haplotypes were obtained for the 

phylogenetic analysis (Figure 2). In SS, some sequences either have the 6th exon or the 7th exon of the amplicon. In 

order to find the SNPs based variations in the intron region of SS, the non-coding sequences were analyzed and a 

dendrogram was created. In order to avoid redundancy, haplotypes were created from the consensus sequences; 

analysis with DnaSP 5.0 detected 34 haplotypes out of 109 sequences in SS 6 and 7 exon regions for 10 Musa 

accessions from their nucleotide alignments. Ten outgroup plant species of monocots and dicots were included in the 

phylogenetic tree and they formed 2 clades (Figure 2). 

 

 
 

* Musa acuminata sucrose synthase mRNA partial cds 

Figure 2 Neighbor-joining tree showing the phylogenetic position of 34 haplotypes of SS sequences with outgroup 

plant species (both monocots and dicots). Scale bar represents 0.1 nucleotide substitution per site (1000 Bootstrap 

replications was used in the phylogeny test). Jukes-Cantor (JC) parameter model was used with 95% partial deletion 

data treatment in this tree. The external (monocots and dicots) plant species were used in this phylogenetic tree apart 

from Musa (HQ646361.4: Musa_acuminata AAA starch synthase gene). 

Clade 2 

* 

Clade 1 
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Clade 1 consists of all the 34 haplotypes of Musa accessions which were analysed in this study. Within this clade 

1 there are 2 subclades: - subclade 2 contains haplotypes 3, 8, 9, 10, 12, 16, 19, 23 and 26; all the other haplotypes 

belong to subclade 1 in clade 1. In clade 2 contains outgroups including monocots plant Elaeis guineensis; and dicots 

such as Solanum tuberosum, Phaseolus vulgaris, Populus trichocarpa, Ricinus communis, Vitis vinifera, Citrus 

sinensis, Cicer arietinum and Vigna unguiculata. The dendrogram indicates the sequence arrangements of SS intron 

regions. 

Discussion 

At the time of designing the primers for SS obtain amplicons, the Musa genome was still not accessible and only 

limited sequence data from BAC clones and ESTs for Musa was available; so the primers were designed on 

conserved regions of homologous sequences of related plant species. The use of multiple sequence alignments of the 

SS sequence with homologous ones allowed the identification of the most conserved regions. Primers were designed 

over those regions but only from the existing Musa sequence (AFF69970.1). Although not-degenerate, the actual 

identity percentage of these primers to the Musa target genes was unknown, requiring a lot of testing to find optimal 

amplification conditions (primer/DNA ratio concentrations and Tm). Instead of directly sequencing the amplified 

PCR products, the extra steps of purifying and cloning the fragments were carried out. The reason for this was due to 

the fact that these enzymes belong to gene families containing more than one member. Without information about the 

exact number of copies or paralogous sequences for each enzyme, since the primers were designed on the most 

conserved regions, the amplification products are most likely mixes of fragments originating from each of the 

copies. For this reason, we were able to recover two different variants (probably alleles) for SS enzymes. 

Previous studies in potato SS revealed, three isoforms [7]. From our data analysis, two alleles of SS also have 

been identified from chromosome 5, although harbor SS two chromosomes (5 and 11) in both the Musa acuminata 

and the Musa balbisiana genome database [8, 9]. Variant 1 (97% sequence identity) and variant 2 (90% sequence 

identity) of SS matched with chromosome 5, and these variants were considered as alleles of SS enzyme because 

both are located in same chromosome. It might be possible to detect further isoforms or alleles in studies on a large 

number of clones or accessions. [10] stated that GBSS showed variations of DNA polymorphisms in wild and 

cultivated Musa accessions. 

SNPs molecular markers allow the analysis of the specific parts or selected genes of the genome [11]. Our result 

with the intronic variants of SS suggests that they are alleles of the same chromosome (same place in chromosome 

5). This study reveals the alleles of SS gene fragments in starch metabolism in bananas and plantains. Genetic 

variation is the initial aspect of the breeding outcome, but in a vegetative propagated crop such as banana it is 

difficult, because of its sterility and polyploidy. Variation can be induced by hybridization and mutation [12] . 

Marker assisted selection may assist breeders in more efficiently selecting for improved breeding material or 

varieties. 

Genomic research in banana has advanced in the last decades [13], and the banana genome A and B, genome 

sequences have been released [8, 9]. The human population will be estimated to reach up to 10 billion at 2050 AD 

[14]. New technologies may assist to increase the quantity of food with the same or less land area. Musa could be a 

model plant for polyploidy plant species in genomic aspects [11]. Apart from the human diet, industrial starch such as 

that from cassava (tapioca) and high amylopectin potato are used for industrial applications; banana starch could also 

be used at the industrial level. [15] stated that, in maize the wx1 locus amylose and created high amylopectin maize by 

modern breeding. The variation of starch loci in maize was developed for use in creating high amylopectin cultivars 

for industrial purposes. 

Conclusion 

Marker assisted selection may assist breeders in more efficiently selecting for improved breeding material or varieties. 

In Musa it may also be used to increase the starch yield by the mutation breeding. The transcripts will be obtained and 

analyzed to find out the expression of the key metabolic starch genes. Further studies of these genes will lead to 

valuable insights of starch metabolism in bananas and plantains. 
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