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Abstract 

 

MicroRNAs (miRNAs) are small single-stranded non-protein-coding RNAs of 

about 22 nucleotides that play an important role in post-transcriptional gene regulation 

in animals and plants by targeting mRNAs for direct cleavage of mRNAs or repression 

of mRNA translation. In this study, a homology search based approach has been used 

for identifying the novel miRNA genes of Musa sp. using the BLAST program with a 

total of 42,978 Musa sp. expressed sequence tags (EST) were compared to a total of 959 

previously known plant miRNA sequences. Forty-seven candidate miRNA with 

homology to previously known miRNAs were identified. By using the mFold3.1 

program, secondary RNA structures were predicted and total of nine novel miRNA 

were identified in Musa sp. One of the most promising novel miRNA was miR156 

which has the strongest characteristics of a miRNA precursor structure and was 100% 

identical to the mature miR156 from other plant species. It was experimentally validated 

to be expressed in Musa acuminata var. Berangan and is the first known report of the 

identification and expression of miRNA from a banana plant species. 



II 

 

Abstrak 

 

MikroRNAs (miRNAs) merupakan satu kumpulan rantaian tunggal yang bukan 

protein berkoding RNAs yang kecil lebih kurang ~22 nukleotida dan memainkan 

peranan yang penting pada permulaan transkripsi dalam pengawalaturan gen binatang 

dan tumbuhan dengan sasaran mRNAs melalui belahan terus mRNAs atau penindasan 

penterjemahan mRNA. Dalam kajian ini, berdasarkan pendekatan carian homolog 

dengan menggunakan program BLAST, jumlah sebanyak 42,978 jujukan EST Musa sp. 

telah dibandingkan dengan 959 jujukan miRNA tumbuhan yang telah diketahui awal 

untuk mecari calon-calon miRNA Musa sp. yang baru. Sebanyak empat puluh tujuh 

calon miRNA telah dikenalpastikan homolog dengan miRNA yang telah diketahui awal. 

Dengan menggunakan program mFold3.1, struktur sekunder RNA telah diramalkan dan 

sebanyak sembilan calon miRNA yang baru dikenalpastikan dalam Musa sp. Salah satu 

calon baru miRNA yang paling berpotensi ialah miR156 dimana ia mempunyai ciri-ciri 

struktur pelopor miRNA yang kuat, ia telah disahkan dengan ujikaji experimen bahawa 

miR156 terdapat dalam Musa acuminata var. Berangan dan jujukan matangnya 

menunjukkan 100% seiras kepada jujukan matang miR156 daripada tumbuh-tumbuhan 

spesies yang berlainan. Ini juga merupakan laporan kali pertama mengenai miRNA 

dalam species tumbuhan pokok pisang. 
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1.0 Introduction 

MicroRNAs (miRNAs) are small single-stranded non-protein-coding RNAs of 

about 22 nucleotides that play an important role in post-transcriptional gene regulation 

in animals and plants by targeting mRNAs for direct cleavage of mRNAs or repression 

of mRNA translation (Bartel, 2004; Zhang et al., 2005a; Yang et al., 2007; Qiu et al., 

2007). miRNAs arise from larger precursors that are able to form self-complementary 

foldback structures. These precursors are then further processed by a ribonuclease III 

enzyme termed Dicer in animals or Dicer-like1 (DCL1) in plants (Dugas and Bartel, 

2004; Bartel, 2004; Allen et al., 2005). According to the miRNA Registry Database 

(Release 9.2, May 2007) (http://microrna.sanger.ac.uk/), 4584 miRNA genes have been 

discovered in various organisms. Out of those, 959 miRNA genes have been predicted 

and identified in plants. 

 

Although thousands of miRNAs have been found in recent years, only a small 

number of plant miRNAs have been discovered and functionally identified. Many other 

plant miRNA gene functions remain to be elucidated. However, many of those studied 

have shown that plant miRNAs play an important role and function in many processes, 

including organ development, phase changes, plant disease, signal transduction and 

response to environment stress (Zhang et al., 2006b; Zhang et al., 2006c; Yang et al., 

2007). 

 

The largest and most widely distributed group of Musa sp in Malaysia is derived 

from Musa acuminata and Musa balbisiana either alone or in various hybrid 

combinations. By identifying potential miRNAs in Musa sp expressed sequence tags 

(ESTs), the genomic knowledge on this important crop can be improved. Bananas are 

one of the most important staple food crops in our country and an important source of 
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income to millions of farmers. Bananas are rich in vitamins A, B6, C and are an 

important source of energy and fibre (Nelson et al., 2006). Recently, bananas have been 

considered as a useful tool to deliver edible vaccines or medicine (Nelson et al., 2006). 

Besides that, bananas can grow in perennial production systems, so that they maintain 

cover throughout the year and thus protect against land slides. 

 

The principles of computational identification of microRNAs are based on the 

major characteristic features of miRNAs including high evolutionary conservation from 

species to species, hairpin-shaped stem loop secondary structures and high minimal 

folding free energy index. Homology search based approaches, such as the ones used in 

this study, can either be classified as genome-based searches or EST-based searches 

(Zhang et al., 2006d). Expressed sequence tags (ESTs) are partial sequences of 

expressed genes and cDNA fragments that are cloned into a plasmid (Zhang et al., 

2005a; Matukumalli et al., 2004). Reverse Transcription PCR (RT-PCR) was used to 

confirm the expression of a predicted miRNA in bananas. 

 

In Malaysia, detailed information on the miRNAs of Musa sp and the potential 

application are still lacking, while many key questions remain to be answered such as: 

What is the origin of miRNAs and what regulates miRNA expression? Therefore, the 

overall objective of this study is to identify the miRNAs in Musa sp to help bring new 

approaches and strategies for the study of miRNA roles in the regulation and 

development of Musa sp. 
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1.1 Objectives 

With improvements and advances in technology and computational approaches 

over the years, many plant miRNAs have now been discovered and functionally 

identified (Zhang et al., 2006b; Zhang et al., 2006d; Xie et al., 2007; Yang et al., 2007; 

Qiu et al., 2007; Nasaruddin et al., 2007). However, there are many more plant miRNAs 

that remain to be discovered and elucidated especially for Musa sp. as there have not 

been any published research carried out on this crop species. Thus, the aims of this 

project are to identify potential miRNA sequences within Musa sp EST sequences, the 

development of a simple and rapid procedure to identify the miRNAs in Musa sp. as 

well as to identify strong candidates for experimental confirmation of miRNA 

expression in Musa sp. 
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1.2 Literature Review 

1.2.1 Banana 

There are two types of bananas, including sweet or dessert bananas which make 

up approximately 43% of the world‘s production, while the other 57% are cooking 

bananas which are also recognized as plantains (Valmayor et al. 2000). The banana is 

popular as an appetizing and nutritious fruit around the world (Horigome et al. 1992). 

This globally major food crop is grown and consumed in more than 100 countries 

throughout the tropics and sub-tropics (INIBAP 2000). One thousand banana cultivars 

or landraces are recognized world-wide (Heslop-Harrison & Schwarzacher 2007). The 

modern day edible bananas are a mixture of wild and cultivated species and hybrids 

associated with Musa acuminata and Musa balbisiana. Musa acuminata is the most 

widespread of the species in the Musa family (Daniells et al. 2001).  

 

1.2.2 Banana plant features 

1.2.2.1 Taxonomy  

Banana was derived from the Arabic word banan which means finger (Boning 

2006). The genus name Musa, was derived from the Arabic name for the plant (mouz) 

which in turn, may have been applied in honour of Antonius Musa (63 – 14 BC), 

physician to Octavius Augustus, the first emperor of Rome (Hyam & Pankhurst 1995).  

 

Musa is a member of the family Musaceae. All genera are monocotyledons and 

defined as ―herbs‖. Most of the cultivated sweet bananas and plantains are triploid 

varieties that evolved from two wild diploid species, M. acuminata, given the genome 

designation ―AA‖, and M. balbisiana which was given the genome designation ―BB‖ 

(Simmonds & Shepherd 1995). The formation of homogenomic triploid (2n = 3x) 

hybrids with the AAA genotype occurred within M. acuminata, leading to the 
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development of cultivars that are mostly comprised of the sweet bananas (Daniells et al. 

2001). Cross of the diploid and triploid types of M. acuminata with M. balbisiana led to 

the formation of heterogenomic triploid hybrids that are mostly plantains (AAB 

genotype) and other cooking bananas (ABB genotype). Tetraploid (2n = 4x) and other 

diploid combinations also exist (Pillay et al. 2004).  

 

Pillay et al. (2004) suggest that the range of genome size for Musa lies between 

550 and 612 megabasepairs (Mbp), a relatively small size. An analysis of the 

organization of the banana genome has been done through the sequencing of bacterial 

artificial chromosome (BAC) clones (Aert et al. 2004; Cheung & Town 2007). 

 

1.2.2.2 Origin and cultivation 

Theoretically, the origin of edible bananas was Malesia, a biogeographical 

region which includes the Malay Peninsula, Indonesia, the Philippines and New Guinea, 

and was known as the primary centre, while India was recognized as the secondary 

centre. However, the precise origin is unknown (Simmonds & Shepherd 1955). The 

centre for M. acuminata, the most widespread species, is thought to be either Malaysia 

(Simmonds 1962) or Indonesia (Horry et al. 1997). The genetic basis of parthenocarpy 

in M. acuminata has not been characterized (Heslop-Harrison & Schwarzacher 2007). 

Clones of the diploids have been cultivated in the wetter parts of South East Asia 

(Valmayor et al. 2000). 

 

De Langhe (1995) gave a brief history of the domestication of banana. It has 

been claimed that there was written (Sanskrit) reference to bananas as early as 500 BC. 

It was also thought that traders from Arabia, Persia, India and Indonesia distributed 

banana suckers around coastal regions (except in Australia) of the Indian Ocean 
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between the 5
th

 and 15
th

 centuries. Between the 16
th

 and 19
th

 centuries, suckers were 

traded by the Portuguese and Spanish in tropical America. Today, the cultivation of 

bananas occurs throughout the tropics and sub-tropics of Asia, America, Africa and 

Australia. 

 

Edible diploids of M. balbisiana underwent a parallel evolution in drier parts of 

Asia, including India, Myanmar, Thailand and Philippines, but there was some 

geographical overlap with M. acuminata and hybrids of the seeded types produced 

(Valmayor et al. 2000; Daniells et al. 2001). The Indian subcontinent was a major 

centre for hybridization (Daniells et al. 2001). East Africa and West Africa represent 

two major secondary centres of Musa diversity as a result of the long history of 

cultivation in these regions (De Langhe 1995). Another secondary centre of diversity is 

Polynesia which was where the ―Maia Maoli/Popoulu‖ cultivars (thought to be AAB 

hybrids) were carried to, from the Philippines more than 4000 years ago (De Langhe 

1995). 

 

1.2.2.3 Morphology 

The cultivated banana plant is a tall (2–9m) perennial monocotyledon and 

therefore classed as an arborescent herb (INIBAP 2000). The above ground ―trunk‖ is 

called a pseudostem and consists of concentric layers of leaf sheaths rolled into a 

cylinder 20–50cm in diameter. Variation in pseudostem morphology exists between 

cultivars, especially its length, disposition and colouration. The pseudostems of 

Highland and sweet bananas are predominantly green to dark green with black blotches 

while those of plantains are yellowish green with brown blotches (Pillay & Tripathi 

2007). The true stem is a large underground corm (also called a butt), and the meristem 

of the apical bud initially gives rise to the leaves before it elongates up through the 
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pseudostem and emerges some 10–15 months after planting, as a large terminal 

inflorescence. 

 

The leaves of Musa plants emerge tightly rolled, from the centre of the 

pseudostem in an anticlockwise spiral manner (Barker & Steward 1962). The leaf 

sheaths taper on both sides to form the petiole. Leaves are more or less vertical when 

they emerge, becoming horizontal and growing upwards until just before flowering. 

These leaves then droop down until the emergence of the last leaf, immediately after 

which comes the inflorescence. 

 

Musa fruits vary in size, shape and colour. They are generally elongate-

cylindrical, straight to strongly curved. The fruit apex may be tapered, rounded or blunt. 

Skin of the fruits may be thin and tender to thick and leathery, with colours that can be 

yellow, green or red. The flesh of Musa ranges from starchy to sweet while colours 

range from white, cream and yellow to orange (Nelson et al. 2006). 

 

The root system is spread out laterally as far as 5.5m, forming a dense mat 

mainly in the top 15cm of the soil (Australian Government – Department of Health and 

Ageing, 2008). 

 

1.2.3 Usage of Banana 

1.2.3.1 Staple food 

 Musa sp. can be consumed either raw or cooked; they are generally eaten fresh 

as fruit, and are one of the most significant sources of calories in the human diet 

worldwide (Nelson et al., 2006). Bananas are used for culinary purposes in a variety of 

ways all over the world. For example in Uganda, bananas can be mixed together with 
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peanuts and spices, wrapped in a banana leaf and cooked by steaming, while in Nigeria, 

fufu is made from a mixture of plantains and cassava. Both ripe and unripe fruits can be 

used to produce flour, while the flowers have been used as an ingredient in confections 

(Kiple and Ornelas, 2000). 

 

 Bananas have also been used in salads, breads, as garnish for meats or mashed 

with spices for making chutneys and sauces. They can be used in the manufacturing of 

dairy products like yogurts, milkshakes and ice-creams as well as in the production of 

baby food and sauces. Furthermore, bananas are especially popular as chips – they are 

peeled, sliced and fried to make this food. Bananas and plantains can usually be found 

in most tropical households and are often one of the first solid foods fed to infants as 

they are readily accepted and easily digested (Sharrock, 1997). 

 

1.2.3.2  Medicinal uses 

According to Agot (1968) and Sharaf et al (1979), the amount of protein and fat 

in banana pulp was found to be nutritionally insignificant. However, banana pulp was 

found to contain useful quantities of vitamins as well as a good source of potassium and 

energy (Resources Council of Japan, 1982).  

 

Vitamin A found in banana helps aid in digestion while the boiled, mashed ripe 

fruits are good in treating constipation especially when mixed with other recommended 

plants. Because banana pulp has high levels of potassium, it has been found to be good 

in treating high blood pressure (Li, 2008). The ripe fruits can also be used in the 

treatment of asthma and bronchitis and the pounded peels from the ripe bananas can be 

made into poultice to treat wounds. In Nigeria, a weaning food based on plantain and 

soybean has been developed; it is nutritious for babies and can be used as a therapeutic 
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diet for the treatment of malnutrition and kwashiorkor, which results from protein 

deficiency. The vitamin-rich nectar sap obtained from the flower buds can be used to 

strengthen babies (Sharrock, 1997). 

 

1.2.3.3  Alcohol production 

In Central and East Africa, the juice from the ripe fruits of the variety known as 

―beer bananas‖ may be drunk fresh or fermented to make a beer with low alcohol 

content and a short shelf-life. Beer brewing has long been an important activity among 

various communities in these regions and it has been reported that consumption in 

Rwanda may reach 1.2 litres per capita per day (Stover and Simmonds 1987). The beer 

is important nutritionally and is rich in vitamin B due to the yeast content. In Uganda 

and Sudan, banana beer is distilled to produce banana alcohol, or ―waragi‖.  The 

production of commercial or medicinal alcohol from bananas has been carried out for 

many years in several countries. In terms of alcohol production per hectare, bananas are 

among the crops giving the highest yields (Thompson 1995). 

 

1.2.3.4  Other uses 

Starch can be extracted from banana and plantain pseudostems, and such starch 

from the related species Ensete ventricosum provides a staple food crop in some parts of 

Ethiopia. Banana starch has been used for producing glue used in the manufacture of 

cartons for exporting fresh bananas (Thompson, 1995). Pseudostems may also be used 

as temporary bridges, seats and supports. After harvest they provide valuable mulch, 

suppressing weed growth in production areas. In mixed farming systems, bananas are 

used as a ground shade and nurse-crop for a range of shade-loving crops including 

cocoa, coffee, black pepper and nutmeg in the West Indies, South East Asia, and in 

parts of East and West Africa. In horticulture, bananas themselves, as well as several 
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related species, most notably M. ornata and M. velutina are prized as ornamentals 

worldwide.  

 

Other minor, but extremely varied, uses of the plant include the use of banana 

seeds for making necklaces and other ornaments, the use of banana sap as a dye, the use 

of the fruits as  meat tenderizer and the use of banana ash in soap. In Indonesia, the 

production of floor wax and shoe polish from banana peels is also being explored 

(Sharrock, 1997). 

 

1.2.4 RNA silencing (RNA interference) 

RNA silencing is a type of gene suppression which occurs at the RNA level and 

includes post-transcriptional gene silencing (PTGS) in plants and fungi, and RNA 

interference (RNAi) in animals (Segers et al., 2006; Tang et al., 2003). RNA silencing 

is a process of sequence-specific regulation of gene expression which is triggered by 

double-stranded RNA (dsRNA) and these RNA silencing mechanisms have been found 

to be conserved in almost all eukaryotes (Segers et al., 2006; Tang et al., 2003). 

 

RNA silencing processes are able to mediate transcriptional and/or post-

transcriptional gene silencing (PTGS) which depends on the organism, as well as the 

source of the dsRNA trigger (Segers et al., 2006; Tang et al., 2003). Post-transcriptional 

RNA silencing mechanisms can be defined through mRNA degradation or translational 

repression. For the target mRNA to be effectively degraded, high sequence 

complementarity between both the target RNA and the dsRNA trigger is required 

(Segers et al., 2006; Tang et al., 2003). 
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RNA silencing plays a key role in regulating the development and control of 

transposition events in plants, as well as in animals (Segers et al., 2006). In fission yeast, 

one of the systems that help establish and maintain the heterochromatin structure of the 

centromere and mating type locus is RNA silencing (Segers et al., 2006). Furthermore, 

RNA silencing also has an antiviral role in plants and insects such as Drosophila 

melanogaster (Segers et al., 2006). 

 

1.2.5 Mechanism of RNA interference (RNAi) 

PTGS/RNAi is an adaptive immune system in plants, targeted against viruses. In 

response, these viruses have evolved suppressors of the silencing reaction (Dunoyer et 

al., 2004). The proteins produced are varied in structure, sequence, as well as the 

superficial effects they have on transgene silencing; this makes them likely to target the 

separate stages of the PTGS/RNAi process (Dunoyer et al., 2004). More research has 

yet to be done however, to pinpoint their exact mode of action and position in the 

PTGS/RNAi pathway. 

 

A common feature of RNA silencing is the processing of structured or dsRNA 

into small interfering RNAs (siRNAs) of 21 to 26 nucleotides (nt) (Tang et al., 2003). 

Studies have shown that an RNase III-type enzyme known as Dicer in animals and 

Dicer-like (DCL) in plants is important in the processes of RNA silencing. Dicer 

enzymes bind and cleave dsRNA into 21- to 26-nt dsRNA species (Tang et al., 2003), 

which then function as sequence-specific small interfering RNA (siRNA) or microRNA 

(miRNA). These small RNA cleavage products are then incorporated into the RNA-

induced silencing complex (RISC) to guide in transcript turnover, cleavage or 

translational control (Tang et al., 2003).  
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Higher plants have found ways to evolve diversified RNA silencing pathways to 

generate different classes of small RNAs, each with a specialized function (Qu et al., 

2007). For example in Arabidopsis thaliana, there are at least four Dicer-like proteins 

(DCL1 – DCL4). DCL1 proteins are mainly involved in processing imperfectly base-

paired fold-back precursors to produce miRNAs while the other three DCL proteins are 

responsible for the generation of various endogenous siRNAs from perfect dsRNAs. 

Some of these include the stress-related 24-nt natural-antisense-transcript siRNAs (nat-

siRNA) produced by DCL2, 24-nt repeat associated siRNAs that guide heterochromatic 

formation by DCL3 and 21-nt trans-acting siRNAs (tasiRNA) that control the 

development of certain plant aspects by DCL4 (Qu et al., 2007). 

 

1.2.6 MicroRNA (miRNA)  

MicroRNAs (miRNAs) are small (22-nt long), non-coding regulatory RNA 

molecules encoded as ssRNA precursors within the genome. They are found in both 

animals and plants and function by repressing translation and/or by cleaving messenger 

RNA (mRNA) depending on levels of complementarity of base-pairing (Ambros, 2004). 

miRNAs arise from longer primary transcripts (pri-miRNAs). These pri-miRNAs fold 

into one or more short dsRNA hairpin structures known as pre-miRNAs (Cullen, 2004). 

The processing of pre-miRNAs to miRNAs occurs in the nucleus, assisted by the 

dsRNA-binding protein DiGeorge syndrome critical region gene 8 (DGCR8). 

  

The miRNA duplex undergoes RNA-induced silencing complex (RISC) 

assembly whereby the miRNA strand is incorporated into a protein complex of which 

the main protein component is ARGONAUTE (AGO) protein. This mature miRNA 

then guides the bound AGO protein to target mRNAs based on complementarity (Chen, 

2008). 
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 Two regions define the AGO family: The PAZ and PIWI domains. The PAZ 

domain was found to interact with the 2-bp-3‘ overhangs of siRNA or miRNA duplexes; 

while PIWI domains interact through a cryptic RNase H-like activity to mediate the 

slicing of target mRNA substrates (Ronemus et al., 2006). The AGO1-like proteins are 

the only conserved components of RISC and are present in many forms in different 

organisms (Ronemus et al., 2006). 

 

In the model plant A. thaliana, a single RNase III – Dicer-like 1 (DCL1) – 

generates both pri- and pre-miRNAs. This reaction produces a miRNA duplex which is 

composed of mature 21- to 23-nt miRNA and its complementary 21- to 23-nt strand. 

The structure of the miRNA duplex consists of 2-nt 3‘ overhangs and 5‘ phosphates 

(Lingel and Sattler, 2005). In animals, the pathway varies as there are two different 

RNase III enzymes that cleave the pri-miRNAs to form miRNAs (Kim, 2004). 

 

In miRNA processing, partial loss-of-function in DCL1 mutants causes reduced 

accumulation of miRNAs thereby proving the importance of DCL1. Null mutations in 

DCL1 were shown to cause embryonic lethality while immunoprecipitated DCL1 from 

Arabidopsis shows the ability to generate 21-nt small RNAs from long dsRNAs (Chen, 

2008). The fact that mutations in other Dicer homologs (DCL2, DCL3 and DCL4) do 

not affect accumulation quantity of miRNAs proves that pre-miRNAs are also 

processed by DCL1 (Chen, 2008). 

 

A total of 959 plant miRNA genes from ten plant species (including moss, dicots 

and monocots) have been recorded. Features of plant miRNA genes determined from 

current sets of miRNA, include paralogs, i.e. 184 Arabidopsis miRNAs which represent 
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almost 100 families of related miRNAs. Gene duplication as well as diversification 

which have driven the evolution of protein-coding gene families causes plant miRNA 

gene families to arise (Chen, 2008). Certain miRNA families appear to have been 

conserved in mosses to flowering plants since ancient times although it is currently 

impossible to determine how many miRNA families are conserved due to the 

incomplete genome sequencing of non-flowering land plants (Chen, 2008). Yet another 

feature is the fact that the majority of plant miRNA genes are localized in intergenic 

regions unlike animal miRNAs which are located in introns or exons of protein-coding 

genes. Furthermore, plant miRNAs are usually not co-expressed or arranged in tandem 

in the genome. 

 

1.2.6.1 Biological function of miRNA in plants 

The regulation of target gene expression through miRNAs is important for many 

biological processes in both animals and plants (Axtell et al., 2007).  

 

In plants, the role of miRNAs as controllers of development in flowering plants 

is crucial; for example, in Arabidopsis thaliana many miRNA targets encode proteins 

which either have a known or suspected role in development control (Axtell and Bartel, 

2005). Floral and leaf-patterning defects have been seen when individual miRNAs are 

dysfunctional and thus lose their ability to regulate their targets properly (Axtell and 

Bartel, 2005). Other defects like floral development and timing, loss of organ polarity 

and altered vascular development, reduced fertility, abortion of the shoot apical 

meristem and misexpression of early auxin response genes have also been observed 

(Axtell and Bartel, 2005). With such results, it is clear to see the crucial role of miRNAs 

in regulating various stages of cell growth in specific cell types for normal plant 

development. 
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The generation of dsRNA is stimulated through miRNA-directed target cleavage 

with the usage of the cleaved product as a template. The dsRNA which results from the 

process is then further subjected to a Dicer protein to obtain siRNAs known as trans-

acting siRNAs (ta-siRNAs). These ta-siRNAs are able to repress mRNAs from loci 

different from the originating locus (Axtell et al., 2007).  

 

Plant and animal miRNAs differ in biogenesis aspects: Predicted foldback of 

miRNA stem loops in plants are much more variable and larger in size compared with 

those in animals. There are also increased pairing between miRNA and the second arm 

of the stem loop in plants. Furthermore, plants have a tighter distribution with the 21-nt 

length of miRNAs as opposed to the 22- to 23-nt length in animals. Finally, plant 

miRNAs often recognize a single target site, while animal miRNAs recognize several 

target sequences in the 3‘UTR of mRNAs which can inhibit translation (Bartel, 2004; 

Yang et al., 2007; Vazquez, 2006).  

 

1.2.7 Computational identification of microRNA 

MicroRNAs – short, endogenous non-coding RNAs – are found in animals, 

plants and the Epstein-Barr virus. The majority of miRNA genes exist as independent 

transcriptional units and have been identified through cloning as well as computational 

approaches. They are customized to the key features of two founding members of 

miRNA from Caenorhabditis elegans – lin-4 and let-7 – which also include a fold-back 

hairpin RNA precursor that is joined with evolutionary conservation (Sunkar et al., 

2005).  
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It has been currently estimated that miRNA genes represent about 1% of the 

expressed genome in complex organisms including worms, flies and humans. However, 

the numbers of miRNAs have been raised significantly in primates through recent 

computational predictions by comparing analysis of human, mouse and rat genomes 

(Sunkar et al., 2005). Identification of all miRNAs and their target genes from model 

organisms is very important so that regulatory networks and gene silencing mechanisms 

can be understood (Sunkar et al., 2005). 

 

The identification of many miRNAs has been enabled with direct cloning. 

However, large variations in expression levels have made it difficult for low abundance 

miRNAs to be cloned (Adai et al., 2005). The fact that most miRNAs are derived from 

precursor transcripts (70–100 nucleotides) with extended stem-loop structures is one of 

the reasons that suggest computational miRNA predictions approaches will be viable in 

identifying miRNAs. Another reason is that miRNAs are highly conserved between 

genomes of related species (Thomassen et al., 2006). 

 

Studies done with bioinformatic tools and cDNA cloning were used to identify 

potential C. elegans miRNAs since 2001 (Lee and Ambros, 2001). Fifteen novel 

miRNAs were discovered; two of them through computational screening and the rest 

from cDNA cloning (Thomassen et al., 2006). According to a study by Lim et al., (2003) 

another computational tool – MiRscan – was designed for the identification of miRNA 

genes conserved between genomes and was first applied to C. elegans and C. briggsae. 

Computational methods to identify miRNAs in Drosophila were also developed 

(miRseeker) to search for euchromatic DNA sequences of D. melanogaster and D. 

pseudoobscura for transcripts that are able to form stem-loop structures (Thomassen et 

al., 2006).  
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1.2.7.1 Computational identification of microRNA in plants 

In the search to identify plant miRNAs, a study was conducted to identify 

characteristic miRNA features as well as sequence conservation. This allowed the 

identification of 63% of known Arabidopsis miRNAs with 83 claimed novel miRNAs 

of which 25 were verified. Possible miRNA precursors were evaluated through a 

computer algorithm based on: Stem-loop structure, GC content of mature miRNA, loop 

length, mismatches in stem containing mature miRNA as well as conservation of 

mature miRNA sequence. In plants, a few mismatches can be found between the 

alignment of miRNA and mRNA targets, which can be used together with typical 

miRNA features and conservation searches (Thomassen et al., 2006). With the 

increasing number of plant miRNA genes identified in various species, homology-based 

search methods were developed in an attempt to seek complete enumeration of miRNAs 

in model organisms (Mendes et al., 2009). 

 

1.2.7.2 Expressed Sequence Tags (EST) and Prediction of microRNA from ESTs 

Partial complementary DNA (cDNA) sequences of expressed genes, which are 

cloned into a plasmid are known as Expressed Sequence Tags (ESTs) (Zhang et al. 

2005). Computational analyses of ESTs are one of the strategies that have contributed to 

the existing identified plant miRNAs (Yang et al. 2007). ESTs provide sequence 

information that can be used to identify novel genes based on the highly conserved 

sequences in mature miRNAs as well as long hairpin structures in precursors, gene 

locations and intron–exon boundaries within genomic sequence assemblies 

(Matukumalli et al. 2004; Qiu et al. 2007).  
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As the use of traditional computational methods of gene identification was not 

that efficient and not comprehensive, ESTs provide an economical alternative tool to 

discover genes in species that lack draft genome sequences (Matukumalli et al. 2004). 

In addition, the systematic mining of EST databases could provide a deeper insight into 

the distribution and conservation of miRNAs (Zhang et al. 2007). 

 

miRNAs are non-coding RNA. Many miRNAs are evolutionarily conserved 

from species to species; therefore miRNA genes may exist as orthologs in other species 

and could be present in EST data sets (Zhang et al. 2006a). Thus, by searching for 

homologs of known miRNAs in an EST database, new miRNAs in other species may be 

discovered (Zhang et al. 2006a). However, due to the inequality and non-uniformity of 

most EST data sets, biases could happen and affect the data mining results (Zhang et al. 

2006a). To date, analysis of EST data has been used to successfully predict miRNAs in 

Arabidopsis (Jones-Rhoades and Bartel 2004), soybean (Zhang et al. 2005), maize, 

sorghum, medick, poplar (Dezulian et al., 2005), Brassica napus (Xie et al. 2007), oil 

palm (Nasaruddin et al., 2007), as well as cotton (Zhang et al., 2007). 

 

1.2.7.3 Characteristics of miRNAs and their precursors 

In general, there are a few characteristics that differentiate miRNAs from other 

RNA molecules. It has been noted however, that miRNAs and small interfering RNAs 

(siRNAs) function as gene silencers (Lin et al., 2006). miRNAs derived from hairpin-

like precursors have been observed in almost all eukaryotes including yeast, plants, 

nematodes, flies, mice and humans. On the other hand, siRNAs have been found in 

large numbers in plants and in simple animals (i.e. worms, flies); but are rarely seen in 

mammals. The widespread presence of miRNAs may be able to contribute to novel 

therapeutics for cancers and viral infections (Lin et al., 2006).  
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Although the formation of a stem-loop structure is an essential step in miRNA 

maturation, it is not a unique characteristic of miRNAs as other RNAs can form similar 

hairpin structures. One way to avoid selecting other RNAs or RNA sequences as new 

miRNAs is that the predicted hairpin structure has the lowest folding free energy. 

However, there was not a significant difference in folding free energies for most 

miRNA precursors despite the fact that some of these precursors did have minimal 

folding free energies (MFEs). The MFEs were also related to RNA length: The longer 

the sequence, the lower the MFE. To make MFEs comparable (MFEs can be used to 

compare different types of RNAs as long as the lengths remain constant) a new term – 

adjusted MFE (AMFE) – was introduced. This further contributed to minimal folding 

free energy index or MFEI which consisted of a few parameters including AMFE, 

length of RNAs and GC content. With this, it was discovered that on average, miRNA 

precursors had a MFEI greater than 0.85 compared with tRNAs (0.64) and rRNAs 

(0.59). Hence, MFEI values can be used to distinguish miRNA sequences from other 

coding and non-coding RNAs (Zhang et al., 2005b). 

 

1.2.7.4 Homology search-based approaches 

The Basic Local Alignment Search Tool or BLAST, allows comparison between 

similar sequences from the same species or even across multiple species. It has become 

one of the most popular bioinformatics algorithms used by biologists which enables 

them to search for their queries against sequence databases and produce pair-wise 

alignments based on query sequences and the corresponding sequences from the 

database (Gollapudi et al., 2008).  
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BLAST, which is available via the web, allows users to search against 

specialized databases like NCBI and PlantGDB. Users can search these databases for 

novel miRNAs as mature miRNAs and long hairpin structures are highly conserved. 

With sequence data becoming widely accessible, additional programs like MuSeqBox 

and BioParser have been developed to solve some of the limitations faced by BLAST. 

With these programs, BLAST is able to provide information on matching regions based 

on percent alignment coverage and identity, alignment scores and expectation value (E-

value) among others (Gollapudi et al., 2008). 

 

1.2.7.5 RNA secondary structure prediction 

Secondary structures and minimal folding free energies (MFEs) of RNA 

sequences, including that of miRNAs, can be predicted with the software mfold (Zucker, 

2003) – which is available publicly on the web 

(http://www.bioinfo.rpi.edu/applications/mfold/old/rna/). For each type of RNA studied, 

the MFE, length of sequence, number of nucleotides (A, C, G or U) and the number of 

base pairs are determined and exported into an Excel file (Zhang et al., 2005b). The 

secondary structures are then predicted through the MFOLD software based on 

minimizing free energy of RNA or DNA sequences. This is done by maximising the 

number of favourable base-pairing interactions. Even so, biologically correct structures 

for RNAs are not often the calculated optimal structure. Predicted structures of rRNAs 

and/or tRNAs by MFOLD therefore, may be slightly different from the biologically 

active structure (Zhang et al., 2005b). 

http://www.bioinfo.rpi.edu/applications/mfold/old/rna/
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2.0 Materials and Methods 

 

2.1 Obtaining sequences of miRNAs and Musa sp EST 

The sequence data for a total of 959 previously known plant miRNA sequences 

from: Arabidopsis thaliana (184), Brassica napus (5), Glycine max (22), Medicago 

truncatula (30), Oryza sativa (242), Physcomitrella patens (77), Populus trichocarpa 

(215), Saccharum officinarum (16), Sorghum bicolor (72) and Zea mays (96) were 

obtained from the miRNA Registry Database, Wellcome Trust Sanger Institute (Release 

9.2, May 2007) (http://microrna.sanger.ac.uk/). The sequence data for a total of 42,978 

Musa sp. EST data were obtained from The Global Musa Genomics Consortium 

(http://www.musagenomics.org/) (33,922 sequences) and from the National Centre for 

Biotechnology Information (NCBI) GenBank nucleotide databases 

(http://www.ncbi.nlm.nih.gov/) (9,056 sequences). 

 

2.2 Removal of duplicate miRNAs sequences 

The miRNA sequences were first scanned within the species mentioned above, 

while the second round of scanning was inter-species, to remove duplicated mature 

miRNA sequences. After the first round of scanning, a total of 558 sequences were 

retained from the original 959 miRNA sequences. After the second round of scanning a 

set of 397 non-redundant miRNA sequences were retained to be used as the reference 

set for miRNA identification. 

 

 

 

 

 

http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=ath
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=bna
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=gma
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=mtr
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=mtr
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=osa
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=ppt
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=ptc
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=sof
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=sbi
http://microrna.sanger.ac.uk/cgi-bin/sequences/mirna_summary.pl?org=zma
http://microrna.sanger.ac.uk/
http://www.musagenomics.org/
http://www.ncbi.nlm.nih.gov/
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2.3 BLAST comparison of the sequences 

Comparative software BLAST-2.2.16 was downloaded from NCBI GenBank 

(http://www.ncbi.nlm.nih.gov/BLAST/) in order to carry out a BLAST search for Musa 

sp. homologs to the miRNA reference sequences within the Musa sp. EST sequences. 

BLAST-2.2.16 was run through Command Prompt (DOS Prompt). Steps for the 

BLAST comparison are shown below (Figure 2.1): 

a) Firstly, the miRNA database was created in BLAST, with the command: 

  formatdb –i miRNA.txt –p F –o T 

b)   Then, the EST sequences obtained were saved in .txt file format. 

c) Next, the database and EST sequences were subjected to a BLAST search for 

Musa sp. homologs, with the command: 

  blastall –p blastn –d miRNA.txt –i EST.txt –o EST.out 

d) The parameters used were set to default at the threshold level: expected value 

(E-value) maximum at 10.0 and low complexity filter. 

d) Output from the BLAST search was scanned and a candidate from the miRNA 

Musa sp. homologs would be selected based on less than 4 nucleotide 

mismatches [(n/n, (n-1)/n, (n-2)/n or (n-3)/n, n = the length of the known 

miRNA)] in sequence with the miRNAs. These miRNA candidates were then 

used in the secondary structure predictions (section 2.4). 

 

http://www.ncbi.nlm.nih.gov/BLAST/


25 

 

 

Figure 2.1: Arguments required for running a BLAST program in the Command 

Prompt. 

 

2.4 Prediction of secondary structure of candidate miRNA sequences 

The secondary structures of candidate miRNA sequences were predicted by 

using  web-based software Mfold 3.2 developed by Zuker and Turner from Rensselaer 

Polytechnic Institute (Zuker, 2003; 

http://frontend.bioinfo.rpi.edu/applications/mfold/cgi-bin/rna-form1.cgi). The following 

criteria, which are based on structural and energetic features of known miRNA 

sequences, were used for selecting the candidates of potential miRNAs (Qiu et al., 2007; 

Nasaruddin et al., 2007): 

a) The secondary structures of miRNA candidates have high negative minimal 

folding free energies (MFEs). 

b) Sequences of the miRNA candidates are within one arm of the hairpin secondary 

structure that will contain the ~22 nucleotides mature miRNA sequence. 

c) No loops or breaks in the miRNA sequence were allowed. 

d) Sequence of the miRNA had less than six mismatches with the miRNA* 

sequence in the other arm. 

http://frontend.bioinfo.rpi.edu/applications/mfold/cgi-bin/rna-form1.cgi
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e) miRNA candidates have 30-70% A+U content. 

f) Any loop or bulge in mature miRNA:miRNA* dimer should contain a 

maximum of three nucleotides that are not involved in canonical base pairing 

(i.e. GU, GA and AU pairing). 

 

 In the web-based software Mfold 3.1, the parameters used for prediction of the 

secondary structures of the miRNA candidates were default as shown below:  

a) The RNA sequence was linear. 

b) Folding temperature was fixed at 37°C.   

c) Ionic conditions: 1M NaCl, no divalent ions. 

d) The percent sub optimality number was 5.   

e) An upper bound on the number of computed folding was 50. 

f) The window parameter was default. 

g) The maximum interior/bulge loop size was 30. 

h) The maximum asymmetry of an interior/bulge loop was 30. 

i) The maximum distance between paired bases was no limit. 
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Figure 2.2: Procedure of identification potential miRNA genes using bioinformatic 

approaches. 
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2.5 Confirmation of expression of a predicted miRNA in banana 

2.5.1 RNA extraction using CTAB-NETS 

CTAB extraction buffer contains 2% CTAB (cetyl trimethylammonium 

bromide), 2% PVP (MW 40000) (polyvinypyrrolidone), 100mM Tris-HCl with pH 8.0, 

25mM EDTA, 2M NaCl (sodium chloride) and 2% β-mercaptoethanol. Solution 

preparation for RNA extraction using CTAB-NETS were shown in Appendix 2. 

 

A few banana leaves were pulverized in liquid nitrogen using a mortar and 

pestle pre-chilled to -20°C. The ground sample was then immediately transferred to a 

2ml tube containing 1ml of pre-heated (65°C) CTAB buffer and 20µl of β-

mercaptoethanol, and the tube was inverted. Next, 1ml of chloroform-isoamylalcohol 

was added; the tube was inverted and centrifuged at 13,000 X g for 15 minutes at room 

temperature (25°C).  

 

The upper aqueous phase was extracted using a pipette, transferred to a clean 

tube and the procedure was repeated with 1ml of chloroform-isoamylalcohol added. The 

tube was inverted and centrifuged at 13,000 X g for 15 minutes at room temperature 

(25°C). The supernatant obtained was then precipitated using 0.1 volume of 3M 

NaOAC at a pH of 5.2 and 3 volume of pre-cooled abs EtOH. 

 

 The contents in the tube were gently mixed by inversion and then centrifuged at 

low speed for 5 minutes (or the fibrous DNA was spooled out using the tip of a pipette). 

Then, the DNA was transferred to a 50ml tube and after 20 minutes washed out with 

10ml of the washing buffer; the contents were centrifuged again at low speed (or the 

DNA was spooled out).  
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The pellet obtained was air-dried and re-suspended in a mixture of 1ml TE 

buffer, 2ml distilled water and 1.5ml 7.5M ammonium acetate and mixed by inversion. 

Next, 10ml of cold absolute ethanol was added. The tube was gently inverted to 

precipitate DNA and then centrifuged at low speed (or the DNA was spooled out). After 

that, the pellet was washed with 5ml of 70% ethanol and further centrifuged at low 

speed. Finally, the pellet was air-dried and re-suspended in 500-750μl of TE buffer. 

 

2.5.2 DNase I treatment 

A 40µl aliquot of the sample was topped up to 200µl with DEPC-H2O, followed 

by 40µl of Phenol-CI (Phenol-chloroform-isoamylalcohol) pipetted into the 

microcentrifuge tube. The sample was mixed well in the tube and then centrifuged at 

13,000 X g for 15 minutes at room temperature (25°C).  

 

The supernatant was discarded completely. A volume of 40µl of Phenol-CI was 

then pipetted into the microcentrifuge tube and the pellet mixed well. This mixture was 

centrifuged at 13,000 X g for 15 minutes at room temperature (25°C). The supernatant 

obtained was again discarded completely and the pellet gently mixed with Isopropanol 

to precipitate the RNA. The sample was then incubated overnight at -80°C. 

 

2.5.3 Agarose gel electrophoresis 

A 1% agarose gel [0.2g agarose powder and 20ml of Tris-Borate-EDTA (TBE 

buffer: Tris base, Boric acid and 0.05M EDTA at a pH of 8.0)] was run to check the 

RNA quality. Approximately 8μl of RNA and 2μl of loading RNA dye per well were 

loaded. The gel was run at 100 V for 30 min, in 1 X TBE buffer. 
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2.5.4 Primer design 

Three pairs of forward and reverse PCR primers were designed based on the two 

selected EST sequences (gi|146226345|, 600092884T1 and 600078119T1) for reverse-

transcription PCR. The primer sequences were designed using the web-based software 

Primer 3 (http://frodo.wi.mit.edu/). The primer sequences are as shown in Table 2.1: 

miRNA Primer Sequences 

bna-miR156a 

(gi|146226345|) 

Forward (6345-F) AGA GAA CTT CCT CCC CCA AA 

Reverse (6345-R) GCT TCC TCC TGC ACA ATT TC 

osa-miR169f 

(600092884T1) 

Forward (884T1-F) ATC CTT CCA AAG TCC TGC AA 

Reverse (884T1-R) ATC CAT GGC CAC GCT ATA AA 

osa-miR169f 

(600078119T1) 

Forward (119T1-F) ATC TGC TTC CGT CTG TGC TT 

Reverse (119T1-R) AGA  AAG GGC TTG CAT GGA G 

Table 2.1: Primer sequences based on the two selected EST sequences. 

 

2.5.5 Reverse Transcription PCR (RT-PCR) 

RT-PCR was performed using the Access RT-PCR System Kit (Promega 

Corporation, USA). The Access RT-PCR System was designed for reverse transcription 

(RT) and polymerase chain reaction (PCR) amplification of a specific target RNA from 

either total RNA or mRNA (Miller and Storts, 1995). 

 

A master mixture with a final volume of 300μl was prepared for six reactions. 

RT reaction contained 162μl of RNase-free water, 60μl of 5 X RT-PCR buffer, 6μl of 

10mM dNTP mix, 6μl of AMV Reverse Transcriptase (AMV RT), 6μl of Tfl DNA 

Polymerase and 12μl of 25mM MgSO4. The mixture was spun quickly and then 

distributed into three 0.2ml PCR tubes, each with a volume of 84μl. Next, 6μl of primer 

6345-F and 6μl of primer 6345-R were added into the first tube. The same amounts of 

http://frodo.wi.mit.edu/
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primers 884T1-F/884T1-R and primers 119T1-F/119T1-R were added into the 

remaining two tubes. All three tubes were labelled and quickly spun. The tube that 

contained primer pair 6345-F/6345-R was then aliquoted into a new 0.2ml PCR tube. 

RNA template (2μl) was added into one of the tubes. The second tube was used as a 

negative control with 2μl of RNase-free water. The same procedure was repeated for 

primer pairs 884T1-F/884T1-R and 119T1-F/119T1-R. Six tubes (three negative 

controls of primers, as well as one with the primer pair 6345-F/6345-R, one with the 

primer pair 884T1-F/884T1-R and one with the primer pair  119T1-F/119T1-R) were 

prepared. 

 

An Eppendorf Mastercycler Gradient was used to run RT-PCR. The reverse 

transcription reaction was run at 45ºC for 45 min and then incubated for 2 min at 94ºC. 

The PCR conditions were: 40 cycles of denaturation at 94ºC for 30 seconds, annealing 

at 60ºC for 1 min, extension at 68ºC for 2 min and final extension at 68ºC for 7 min. 

 

Fragment sizes of the PCR products were visualized using ethidium bromide 

followed by gel electrophoresis (as mentioned in section 2.5.3). VC 100 bp Plus DNA 

ladder (Vivantis) was used to compare the fragment sizes. Two controls were used: 

primers targeting ß-actin gene, a house keeping gene and RNA sample obtained after 

PCR (RNA PCR). 

 

2.5.6 Purification of PCR Products 

Purification of PCR products was performed using Wizard® SV Gel and PCR 

Clean-Up System Kit (Promega Corporation, USA). The Wizard® SV Gel and PCR 

Clean-Up System was designed to purify products directly from PCR with up to 95% 

recovery achieved depending on the fragment size. 
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A 1.5ml microcentrifuge tube was weighed for each RNA sample obtained after 

PCR to be purified. The DNA fragments of interest were excised from the agarose gel 

using a clean scalpel under a long UV-wavelength lamp. The gel slices were then 

transferred into the weighed microcentrifuge tubes and the new weight recorded. 

Membrane binding solution was added in a ratio of 10μl of solution per 100mg of 

agarose gel slice. The mixture was incubated at 55ºC until the gel was completely 

dissolved. 

 

One SV Minicolumn was placed in a Collection Tube for each dissolved gel 

slice. Then, the dissolved gel mixture was transferred to the SV Minicolumn assembly 

and incubated for 1 minute at room temperature. The SV Minicolumn assembly was 

then centrifuged at 16,000 X g for 1 minute. SV Minicolumn was removed from the 

Spin Column assembly and the liquid discarded from the Collection Tube. The SV 

Minicolumn was then returned to the Collection Tube. 

 

Next, 700μl of Washing Buffer was added to the SV Minicolumn to wash the 

column and then centrifuged at 16,000 X g for 1 minute. Flow-through was again 

discarded. Centrifugation was repeated with 500μl of Membrane Wash Solution for 5 

minutes at 16,000 X g. Flow-through was discarded. Then, the column assembly was 

re-centrifuged for 1 minute with the microcentrifuge lid open to allow evaporation of 

any residual ethanol. After that, the SV Minicolumn was transferred to a clean 1.5ml 

microcentrifuge tube. 50μl of Nuclease-Free Water was applied directly to the centre of 

the column without touching the membrane with the pipette tip. This mixture was then 

incubated at room temperature for 1 minute and later centrifuged for 1 minute at 16,000 

X g to spin down the pure DNA. The microcentrifuge tube containing eluted DNA was 
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stored at -20ºC. Gel electrophoresis (as section 2.5.3) was run to confirm the size of 

DNA obtained. 

 

2.5.7 DNA sequencing 

DNA fragments of the purified PCR products were sent to the Macrogen 

Genome Research Centre for sequencing (Seoul, Korea). 

 

2.5.8 Sequence alignments 

DNA sequences of PCR products were analyzed by alignment with the Musa sp 

ESTs sequences that were used initially for primers design using BioEdit, a biological 

sequence alignment editor (http://www.mbio.ncsu.edu/BioEdit/BioEdit.html). 

Sequences of candidate mature miRNA for Musa sp were aligned with known miRNA 

mature sequences of various plant species. Besides that, the sequencing results of Musa 

sp were also aligned to known precursor miRNA sequences from similar miRNA 

families of various plant species. 

http://www.mbio.ncsu.edu/BioEdit/BioEdit.html
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3.0 Result 

 

3.1 BLAST comparison of Musa sp. EST sequences 

From a database of 42,978 Musa sp. EST sequences, a total of 47 candidate 

miRNA sequences were chosen for secondary structure prediction. These comprised 37 

candidate miRNA sequences from The Global Musa Genomics Consortium EST dataset 

(33,922 sequences) and 10 candidate miRNA sequences from the NCBI GenBank 

nucleotide database (9,056 sequences). BLAST results of these 47 potential miRNAs of 

Musa sp. were shown in Appendix 1. The candidate miRNA Musa sp. homologs were 

selected based on having less than 4 nucleotide mismatches [(n/n, (n-1)/n, (n-2)/n or (n-

3)/n, n = the length of the known miRNA)] to sequences within the mature miRNA 

reference dataset. The nucleotide sequence identities of the matched EST sequences 

ranged from 21/21, 20/21, 19/21, 20/20, 19/20, 19/19, 18/19 to 18/18 nucleotides. The 

47 candidate miRNA sequences were classified into 11 miRNA families based on their 

nucleotide identity, as shown in Table 3.1. 
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miRNA 

family 

LM 

(nt) 

Strand EST sequence 

name 

Identities NM 

(nt) 

Candidate miRNA sequences 

bna-

miR156a 

21 + gi|146226345| 21/21 0 UGACAGAAGAGAGUGAGCACA 

21 - gi|146226218| 20/21 1 UGUGCUCUCUCUCUUCUGUCA 

21 + 600104506T1 20/21 1 UGACAGAAGAGAGAGAGCACA 

21 + 600145442T1 20/21 1 UGACAGAAGAGAGAGAGCACA 

21 + 600081801T1 19/20 2 UGACAGAAGAGAGAGAGCAC 

21 + 600145360T1 19/20 2 UGACAGAAGAGAGAGAGCAC 

21 - gi|146223567| 18/19 3 UGCUCUCUCUCUUCUGUCA 

21 + 600129804T1 18/19 3 UGACAGAAGAGAGAGAGCA 

21 + 600133517T1 18/19 3 UGACAGAAGAGAGAGAGCA 

21 + 600156376T1 18/19 3 UGACAGAAGAGAGAGAGCA 

21 + 600160669T1 18/19 3 UGACAGAAGAGAGAGAGCA 

mtr-

miR395b 

21 + gi|146222248| 18/19 3 UGAAGUAUUUGGUGGAACU 

osa-

miR156k 

21 - gi|146226218| 21/21 0 UGUGCUCUCUCUCUUCUGUCA 

21 + 600104506T1 21/21 0 UGACAGAAGAGAGAGAGCACA 

21 + 600145442T1 21/21 0 UGACAGAAGAGAGAGAGCACA 

21 + gi|146226345| 20/21 1 UGACAGAAGAGAGUGAGCACA 

21 + 600081801T1 20/20 1 UGACAGAAGAGAGAGAGCAC 

21 + 600145360T1 20/20 1 UGACAGAAGAGAGAGAGCAC 

21 - gi|146223567| 19/19 2 UGCUCUCUCUCUUCUGUCA 

21 + 600129804T1 19/19 2 UGACAGAAGAGAGAGAGCA 

21 + 600133517T1 19/19 2 UGACAGAAGAGAGAGAGCA 

21 + 600156376T1 19/19 2 UGACAGAAGAGAGAGAGCA 

21 + 600160669T1 19/19 2 UGACAGAAGAGAGAGAGCA 

21 + 600132974T1 18/18 3 UGACAGAAGAGAGAGAGC 

21 + 600133648T1 18/18 3 UGACAGAAGAGAGAGAGC 

21 + 600148339T1 18/18 3 UGACAGAAGAGAGAGAGC 

21 + 600174542T1 18/18 3 UGACAGAAGAGAGAGAGC 

osa-

miR156l 

21 - gi|146223567| 18/19 3 AUGCUCUCUCUCUUCUGUC 

21 + gi|146226345| 18/18 3 GACAGAAGAGAGUGAGCA 

21 + 600129804T1 18/19 3 GACAGAAGAGAGAGAGCAU 

21 + 600133517T1 18/19 3 GACAGAAGAGAGAGAGCAU 

21 + 600156376T1 18/19 3 GACAGAAGAGAGAGAGCAU 

21 + 600160669T1 18/19 3 GACAGAAGAGAGAGAGCAU 

osa-

miR160e 

21 - gi|70796212| 20/20 1 GGCAUACAGGGAGCCAGGCA 

osa-

miR160f 

21 - gi|70796212| 19/20 2 GGCAUACAGGGAGCCAGGCA 

osa-

miR164d 

21 + 600173221T1 18/19 3 GAGAAGCAGGGCACCUGCU 

osa-

miR169d 

21 - 600081013T1 18/19 3 GGCAAGUCAUCCUUGGCUA 

21 - 600092447T1 18/19 3 GGCAAGUCAUCCUUGGCUA 

21 - 600092884T1 18/19 3 GGCAAGUCAUCCUUGGCUA 

osa-

miR169e 

21 - 600081013T1 19/19 2 GGCAAGUCAUCCUUGGCUA 

21 - 600092447T1 19/19 2 GGCAAGUCAUCCUUGGCUA 

21 - 600092884T1 19/19 2 GGCAAGUCAUCCUUGGCUA 

21 - 600078119T1 18/18 3 GGCAAGUCAUCCUUGGCU 

osa-

miR169f 

21 - 600081013T1 20/20 1 AGGCAAGUCAUCCUUGGCUA 

21 - 600092447T1 20/20 1 AGGCAAGUCAUCCUUGGCUA 

21 - 600092884T1 20/20 1 AGGCAAGUCAUCCUUGGCUA 

21 - 600078119T1 19/19 2 AGGCAAGUCAUCCUUGGCU 
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osa-

miR169n 

21 - 600081013T1 19/20 2 AGGCAAGUCAUCCUUGGCUA 

21 - 600092447T1 19/20 2 AGGCAAGUCAUCCUUGGCUA 

21 - 600092884T1 19/20 2 AGGCAAGUCAUCCUUGGCUA 

21 - 600078119T1 18/19 3 AGGCAAGUCAUCCUUGGCU 

21 + 600080802T1 18/19 3 AGC CAA GAA UGA AUU GCC U 

21 + 600080875T1 18/19 3 AGC CAA GAA UGA UUU GCC U 

21 + 600085062T1 18/19 3 AGC CAA GAA UGA AUU GCC U 

21 + 600087026T1 18/19 3 AGC CAA GAA UGA AUU GCC U 

21 + 600087712T1 18/19 3 AGC CAA GAA UGA UUU GCC U 

21 + 600153776T1 18/19 3 AGC CAA GAA UGA AUU GCC U 

21 + 600177165T1 18/19 3 AGC CAA GAA UGA AUU GCC U 

osa-

miR169q 

21 + 600092884T1 19/19 2 UAGCCAAGGAGACUGCCCA 

osa-

miR171b 

21 - gi|146222618| 19/21 2 GATAUUGUCGCGGCUCAAUCA 

osa-

miR171i 

21 - gi|146222618| 19/20 2 GATAUUGUCGCGGCUCAAUC 

osa-

miR172c 

21 + 600079015T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600084823T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600087966T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600093195T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600100194T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600103944T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600106033T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600124872T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600142076T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 + 600160442T1 18/19 3 GAAUCCUGAUGAUGCUGCA 

21 - gi|146228497| 18/19 3 UGCAGCAUCAUCAGGAUUC 

osa-

miR393 

21 - gi|146222506| 18/18 3 CAAUGCGAUCCCUUUGGA 

21 + gi|146228486| 18/18 3 UCCAAAGGGAUCGCAUUG 

21 + 600079708T1 18/18 3 UCCAAAGGGAUCGCAUUG 

21 + 600103903T1 18/18 3 UCCAAAGGGAUCGCAUUG 

osa-

miR395v 

21 + gi|146222248| 18/19 3 UGAAGUAUUUGGUGGAACU 

osa-

miR396d 

21 + gi|146222802| 18/19 3 UCCACAUGCUUUCUUGAAC 

Table 3.1: Candidate miRNA sequences chosen for secondary structure prediction. LM: 

Length of mature miRNAs; NM: Number of mismatch (less than 4 mismatches, 0-3); 

Letter (bold and underlined): Nucleotide substitution compared with the previously 

known mature miRNAs. 

 

 

3.2 Secondary structures of candidate miRNA sequences 

 Strong miRNA candidates within the 47 candidate sequences were identified 

through prediction of the secondary structure for each. From these 47 sequences, 920 
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secondary structures were generated as listed in Table 3.2. After further analysis , it was 

found that only nine of the 920 EST sequences (Table 3.3 and Figure 3.1) fulfilled the 

six criteria of mature miRNA secondary structures, including: high negative minimal 

free energy (MFEs), ability to fold such that the mature miRNA was within one arm of 

the hairpin secondary structure, the absence of loops or breaks in the miRNA sequence, 

less than six unpaired bases and GU mismatches between the miRNA and miRNA* 

sequences,  an A+U content of 30-70% and with any loop or bulge in the mature dimer 

containing a maximum of three nucleotides not involved in canonical base pairing (i.e. 

GU, GA and AU pairing). From the results, it can be predicted that the miRNA gene 

candidates are members of the miR156 as well as miR169 and miR172 families. 

 

No Sequence 

name Number of secondary structure 

generated 

Number of secondary 

structures fulfilling criteria for 

miRNA precursors 

1 gi|70796212| 29 0 

2 gi|146228497| 27 0 

3 gi|146228486| 24 0 

4 gi|146226345| 24 1 

5 gi|146226218| 22 0 

6 gi|146223567| 35 0 

7 gi|146222802| 28 0 

8 gi|146222618| 17 0 

9 gi|146222506| 30 0 

10 gi|146222248| 34 0 

11 600177165T1 7 0 

12 600174542T1 28 0 

13 600173221T1 18 0 

14 600160669T1 26 0 

15 600160442T1 14 1 

16 600156376T1 28 0 

17 600153776T1 16 0 

18 600148339T1 30 0 

19 600145442T1 9 0 

20 600145360T1 11 0 

21 600142076T1 32 0 

22 600136111T1 22 0 

23 600133648T1 5 0 

24 600133517T1 11 0 

25 600132974T1 19 0 

26 600129804T1 6 0 
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27 600124872T1 26 0 

28 600106033T1 22 0 

29 600104506T1 10 0 

30 600103944T1 28 1 

31 600103903T1 18 0 

32 600100194T1 15 0 

33 600093195T1 33 0 

34 600092884T1 12 1 

35 600092447T1 6 1 

36 600087966T1 12 0 

37 600087712T1 20 0 

38 600087026T1 19 0 

39 600085062T1 8 0 

40 600084823T1 18 1 

41 600081801T1 18 0 

42 600081013T1 11 1 

43 600080875T1 18 0 

44 600080802T1 15 1 

45 600079708T1 17 0 

46 600079015T1 31 0 

47 600078119T1 11 1 

  Total 920 9 

Table 3.2: Summary of secondary structure data analysis and results. 

 

miRNA 

family 

EST 

sequence 

name 

EST 

length 

(nt) 

A C G U N (A+U) % 
MFEs 

(kcal/mol) 

miR156 gi|146226345| 789 138 171 230 250 0 49.18 -315.21 

miR169 

600081013T1 397 111 99 70 102 15 53.65 -97 

600092447T1 524 139 137 102 141 5 53.44 -152.41 

600092884T1 555 143 151 104 149 8 52.61 -159.38 

600078119T1 414 111 102 99 102 0 51.45 -137.82 

600080802T1 615 190 159 117 149 0 55.12 -146.49 

miR172 

600084823T1 497 148 112 96 132 9 56.34 -98.62 

600103944T1 567 155 132 120 159 1 55.38 -132.28 

600160442T1 397 104 90 100 101 2 51.64 -103.92 

Table 3.3: Characteristics of candidate miRNA precursor sequences.  

MFE: minimal free energies 
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miRNA family: miR 156 

(i) Sequence name: gi|146226345| 

 

 

miRNA family: miR 169 

(ii) Sequence name: 600081013T1 

 

 

(iii) Sequence name: 600092447T1 

 

 

(iv) Sequence name: 600092884T1 

 

 

(v) Sequence name: 600078119T1 
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(vi) Sequence name: 600080802T1 
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miRNA family: miR 172 

(vii) Sequence name: 600084823T1 
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(viii) Sequence name: 600103944T1 

 

 

(ix) Sequence name: 600160442T1 

 

 

Figure 3.1 (i – ix): The predicted secondary structures of the selected nine candidate 

miRNA sequences using Mfold. The sequences of the predicted mature miRNA are 

indicated by the lines above or below the strand in which the mature miRNA is encoded.
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3.3 RNA extraction of Musa sp. 

The RNA extraction was carried out using the CTAB-NETS method (mentioned 

in 2.5.1 section of Materials and Methods). This step is important in order to obtain pure 

RNA samples which will be then further used to confirm the expression of the predicted 

miRNAs in Musa sp. Samples were ran twice to increase accuracy and precision, to 

make sure the samples were clean and without any sign of degradation. 

 

 

Figure 3.2: Agarose gel of RNA samples from Musa sp. Left: Leaf sample, Right: Root 

sample. 

 

Results are as observed in Figure 3.2. These samples, which were separated on 

a 1% agarose gel, produced two visible bands in each lane that corresponded to the 

expected sizes of two ribosomal RNAs (rRNAs): 18 S and 28 S respectively. 

Observations of the clear bands indicate that the RNA samples were high quality and 

did not show signs of much degradation. 



45 

 

3.4 Reverse Transcription PCR 

 

RT-PCR was performed using the Access RT-PCR System Kit (Promega 

Corporation, USA) (mentioned in section 2.5.5 of the Materials and Methods) to 

confirm the expression of the predicted miRNAs in Musa sp. 

 

 

Figure 3.3: Agarose gel of RT-PCR products with RNA isolated from banana leaves. 

L1: primers miR targeting region of EST gi|146226345| (with miR156),  

L2: primers miR targeting region of EST 600078119T1 (with miR169),  

L3: primers targeting region of EST 600092884T1 (with miR169),  

L4: primers targeting ß-actin gene, a house keeping gene, 

L1- to L4-: RT negative controls. 
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Figure 3.4: Agarose gel of RT-PCR products with RNA isolated from banana roots.  

R1: primers miR targeting region of EST gi|146226345| (with miR156),  

R2: primers miR targeting region of EST 600078119T1 (with miR169),  

R3: primers targeting region of EST 600092884T1 (with miR169),  

R4: primers targeting ß-actin gene, a house keeping gene, 

R1- to R4-: RT negative controls. 

 

Results are as observed in Figure 3.3 & 3.4. It can be observed that a band of the 

expected size was obtained for each of the miRNA candidates which was ~500bp, 

~350bp and ~300bp for EST sequences gi|146226345, 600078119T1 and 600092884T1 

respectively. These results show that the computationally predicted miRNAs of Musa sp. 

were likely expressed in the leaf and root samples.
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3.5 DNA sequence analysis 

  

 Sequencing results of the RT-PCR amplified cDNAs from Musa acuminata var. 

Berangan were shown in Appendix 3. Sequence alignments were carried out for PCR 

products and ESTs of Musa sp. of the three families – miR156, miR169 and miR172 as 

shown in Figures 3.5, 3.6 and 3.7 to determine the percentages of similarities between 

the PCR product and EST sequences. Alignments between the PCR products and ESTs 

show high percentages of similarities. For miR families 156 (Figure 3.5) and 172 

(Figure 3.7), the similarities were an almost perfect match with sequence identities of 

99%. The miR169 family (Figure 3.6) too showed high similarity between the PCR 

product and EST sequence with a sequence identity of 98%. 

 

 In addition, multiple sequence alignments were carried out with other known 

mature and precursor of miR families from different plant species as shown in Figures 

3.8, 3.9, 3.10 and 3.11 to determine the similarities and conservation of the different 

plant species. Sequence alignments of the miR156 family candidates from Musa sp. 

with other known mature miR156 sequences from plant species including Arabidopsis 

thaliana, Brassica napus, Oryza sativa, Populus trichocarpa and Zea mays (Figure 3.8) 

showed high similarities of around 90% across the plant species. Beside that, sequence 

alignments of the miR169 family candidates from Musa sp. with other known mature 

miR169 sequences from plant species including Arabidopsis thaliana, Oryza sativa, 

Populus trichocarpa and Zea mays (Figure 3.10) had a similarity percentage of 76%. 

However, both sequence alignments of the miR156 and miR169 family candidates from 

Musa sp. with precursors of respective family from the above mentioned plant species 

Figures 3.9 and 3.11), did not show an overall high similarity and only the mature 
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miRNA and complementary miRNA sequences (miRNA*) have been found to be 

highly conserved across all species. 

 

 

 

Figure 3.5: Sequence alignment of Musa sp. EST gi|146226345| and RT-PCR 

amplified cDNAs from Musa acuminata var. Berangan. The underlined areas indicate 

the mature miRNA156 sequence (top) and the miRNA* sequence (below). 
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Figure 3.6: Sequence alignment of Musa sp. EST 600078119T1 and RT-PCR amplified 

cDNAs from Musa acuminata var. Berangan. The underlined areas indicate the mature 

miRNA169 sequence (top) and the miRNA* sequence (below). 
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Figure 3.7: Sequence alignment of Musa sp. EST 600092884T1 and RT-PCR amplified 

cDNAs from Musa acuminata var. Berangan. The underlined areas indicate the mature 

miRNA169 sequence (top) and the miRNA* sequence (below). 

 

 

Figure 3.8: Multiple sequence alignment of mature miRNA Musa sp. EST 

gi|146226345| and RT-PCR amplified cDNAs from Musa acuminata var. Berangan 

with miR156 families from different plant species, ath-MIR156a: Arabidopsis thaliana; 

bna-MIR156a: Brassica napus; osa-MIR156k: Oryza sativa; ptc-MIR156k: Populus 

trichocarpa; zma-MIR156k: Zea mays. 
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Figure 3.9: Multiple sequence alignment of Musa sp. EST gi|146226345| and RT-PCR 

amplified cDNAs from Musa acuminata var. Berangan with precursors of miR156 from 

different plant species, ath-MIR156a: Arabidopsis thaliana; bna-MIR156a: Brassica 

napus; osa-MIR156k: Oryza sativa; ptc-MIR156k: Populus trichocarpa; zma-MIR156k: 

Zea mays. The underlined areas indicate the mature miRNA sequence (top) and the 

miRNA* sequence (below).  

 

 

Figure 3.10: Multiple sequence alignment of mature miRNA Musa sp. EST 

600078119T1, EST 600092884T1 and RT-PCR amplified cDNAs from Musa 

acuminata var. Berangan with miR169 families from different plant species, ath-

MIR169h: Arabidopsis thaliana; osa-MIR169f: Oryza sativa; ptc-MIR169v: Populus 

trichocarpa; zma-MIR169d: Zea mays.  
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Figure 3.11: Multiple sequence alignment of Musa sp. EST 600078119T1, EST 

600092884T1 and RT-PCR amplified cDNAs from Musa acuminata var. Berangan 

with precursors of miR169 from different plant species, ath-MIR169h: Arabidopsis 

thaliana; osa-MIR169f: Oryza sativa; ptc-MIR169v: Populus trichocarpa; zma-

MIR169d: Zea mays. The underlined areas indicate the mature miRNA sequence (top) 

and the miRNA* sequence (below).  
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DISCUSSION 
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4.0 Discussion 

Homology-based search methods first identify sequences that match known 

miRNA mature sequences. The genomic context of such sequences is then extracted 

and the candidates aligned with their assumed miRNA families. This step is followed by 

the application of certain criteria used to determine the final list of candidate homologs 

(Mendes et al, 2009). In this study, the model organisms used as miRNA reference sets 

included: Arabidopsis thaliana (184), Brassica napus (5), Glycine max (22), Medicago 

truncatula (30), Oryza sativa (242), Physcomitrella patens (77), Populus trichocarpa 

(215), Saccharum officinarum (16), Sorghum bicolor (72) and Zea mays (96) which 

were obtained from the miRNA Registry Database, Wellcome Trust Sanger Institute 

(Release 9.2, May 2007). This brings a total of 959 plant miRNA sequences. 

 

In plants, there have been many approaches used to understand the complexity 

of gene expression as well as interaction. One such approach is the EST method. EST 

sequencing has been used as an efficient and economical approach for large-scale gene 

discovery and has proven to be a rapid and effective way of acquiring information. 

Information obtained can be from a wide variety of tissues, cell types or development 

stages, covering gene diversity and mRNA expression patterns (Low et al, 2008; Weng 

et al, 2005). Over five million plant EST sequences have been generated from more 

than 60 plant species and made available to the public. These species cover most of the 

plant kingdom including both model and crop plants like Arabidopsis thaliana, rice, 

wheat and maize (Weng et al., 2005; De Peer, 2005). 

 

For this study, a total of 42,978 Musa sp. EST sequences were obtained from the 

Global Musa Genomics Consortium (http://www.musagenomics.org/) and the National 

Centre for Biotechnology Information (NCBI) GenBank nucleotide databases 

http://www.musagenomics.org/
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(http://www.ncbi.nlm.nih.gov/). From this total, 9 predicted miRNA sequences were 

eventually obtained. The predicted secondary structures for these sequences were found 

to have high negative minimal free energies (MFEs), were able to fold such that the 

mature miRNA sequences were within one arm of the hairpin secondary structure and 

with no loops or breaks in the mature miRNA sequences. The candidate miRNAs also 

had at least 30-70% contents of A+U, less than six mismatches with their corresponding 

miRNA* sequence and no loop or bulge in mature miRNA:RNA* dimers containing a 

more than three nucleotides that were not involved in canonical base pairing (i.e. GU, 

GU and AU pairing) (Qiu et al., 2007; Nasaruddin et al., 2007). 

 

The number of miRNA obtained through EST analysis depends on the total 

amount of ESTs available in the database; it has been estimated that about 10,000 ESTs 

contain 1 to 1.67 miRNA (Zhang et al., 2006b; Qiu et al., 2007; Xie et al., 2007). 

Therefore, it was reasonable to expect one or more miRNA in the collection of 42,978 

Musa sp. EST. When queried against the miRNA reference sets using BLAST, a total of 

47 candidate sequences were obtained, from which 920 EST secondary sequences were 

generated. From these 920 EST secondary sequences, the number of predicted miRNA 

sequences found was nine. Therefore, the predicted sequences in the 42,978 Musa sp. 

EST sequences was 9/42,978, showing a detection of 2.09/10,000 ESTs, a slightly 

higher value than that reported before (Zhang et al., 2006b; Qiu et al., 2007; Xie et al., 

2007). In a previous study (Nasaruddin et al., 2007), 6.86 miRNAs per 10,000 ESTs 

was reported for Elaeis guineensis Jacq., and this higher rate of detection was due to the 

method and plant materials used in the study to generate the ESTs. These ESTs were 

isolated from the leaves and roots of Musa sp. that were from several different 

development stages, thus improving the representation of low abundance and 

http://www.ncbi.nlm.nih.gov/
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differentially regulated transcripts from the selected plant tissues and enriching the 

miRNA sequences data (Nasaruddin et al, 2007).  

 

Computational approaches such as the ones used in this study are good 

approaches to predict miRNAs; however their applications are limited as they require 

genome sequences, which currently are only available for a limited number of plant 

species. ESTs are a powerful tool that has been used to identify miRNA homologs, one 

reason being that many identified miRNAs are evolutionarily conserved from species to 

species. EST analysis could actually provide a deeper insight into the distribution and 

conservation of miRNAs as well as being used to identify miRNAs in any species – 

whether their genome sequence is available or not. 

 

4.1 miRNA genes in Musa sp. 

 Identification of miRNAs can be further used to determine the identity of the 

mRNAs that they regulate. The miRNA pathway is important for the proper regulation 

of plant development and miRNA genes play a variety of roles including the regulation 

of organ development such as leaf morphogenesis, floral organ identity and root 

development as well as in various stress responses such as dehydration, mineral-nutrient 

and mechanical stress (Yang et al, 2007). In this study, the nine candidate miRNA 

precursors potentially belong to the miR156, miR169 and miR172 families. 

 

 The predicted Musa sp. member of the miR156 family was EST sequence 

gi|146226345|. This sequence, which consists of 21 nucleotides, has the strongest 

characteristics of miRNA amongst other EST candidates with no mismatches. It has a 

minimal free energy of -315.21 and an (A+U)% of 49.18%. All 21 nucleotides are 

engaged in the canonical (GU, GA and AU) base pairing of the mature 
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miRNA:miRNA* dimer in the hairpin structure and without any bulge or loop in the 

secondary structure. Members of the miR156 family have been found to target 

Squamosa promoter Binding Protein (SBP) - like transcription factor proteins that are 

important in regulating flowering time (Rhoades et al., 2002; Mallory and Vaucheret, 

2006)  

 

EST Sequences found within the miR169 family included:  600081013T1, 

600092447T1, 600092884T1, 600078119T1 and 600080802T1, which had minimal 

free energies of -97, -152.41, -159.38, -137.82 and -146.49 respectively. These 

sequences also had (A+U)% that fell within the range with 53.65%, 53.44%, 52.61%, 

51.45% and 55.12% respectively. Of all these sequences only 600081013T1, 

600092447T1 and 600092884T1 had one mismatch, which meant that the rest of the 

nucleotides were engaged in base pairing. The miR169 gene family, which target HAP2 

transcription factors, has been found to be conserved from ferns to eudicots. Studies 

have shown that in alfalfa, miR169 targets a HAP2 gene which is important for root 

nodulation (Willmann and Poethig, 2008).  

 

The predicted Musa sp. member of the miR172 family were EST sequences 

600084823T1, 600103944T1 and 600160442T1, which have minimal free energies of -

98.62, -132.28 and -103.92 respectively. With all three sequences having 3 mismatches 

each, the remaining nucleotides are engaged in the canonical (GU, GA and AU) base 

pairing of the mature miRNA:miRNA* dimer and have (A+U)% of 56.34%, 55.38% 

and 51.64% respectively. The miR172 gene family is involved in the regulation of 

flowering time and floral organ identity through the regulation of APETALA2 (AP2) – 

like genes‘ activity. AP2 play an important role during floral development in 

establishing meristem and organ identity (Chen et al., 2006; Glazinska et al., 2009).  
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4.2 Experimental validation of predicted miRNAs 

 Computational strategies are a useful method to predict miRNAs and their 

targets and have shown successful results for vertebrates, insects, and plants (Ambros, 

2004; Adai et al., 2005; Li et al., 2005). However, many plant miRNA genes and their 

targets have yet to be discovered, particularly for less well studied genomes. Traditional 

computational approaches have been slightly inefficient and tedious causing difficulties 

in demonstrating the expression of predicted miRNAs (Zhang et al., 2007). Therefore, 

experimental approaches were further used to validate and support the results of the 

identification. 

 

 There are a few different techniques that are available for the detection and 

validation of miRNA and their candidates including Northern blots and other techniques 

using PCR. In this study, the RT-PCR technique was used to verify the expression of 

the predicted miRNAs in leaf and root samples of Musa sp. Here, RT-PCR was 

performed with three pairs of PCR primers, which were designed based on the three 

selected candidate miRNA EST sequences of Musa sp. From the RT-PCR gel results 

(Figures 3.3 and 3.4), it can be observed that a single band of the expected size was 

obtained for each of the miRNA candidates which was ~500bp, ~350bp and ~300bp for 

EST sequences gi|146226345, 600078119T1 and 600092884T1 respectively. These 

results show that the computationally predicted miRNAs of Musa sp. were expressed in 

the leaf and root samples.  

 

4.2.1 DNA sequencing and sequence alignments 

 The comparisons of sequences are one of the important computational tools in 

molecular biology as they represent biological molecules that encode significant 

information which include structure, function and history. They can be used to identify 
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genes or regularity sites across evolutionarily related genomes as these functional 

sequences often show conservational patterns that are different from those seen in 

regions that are not functional. However, comparisons at sequence level have their 

limitations. Similar sequences have been reported to play similar biological functions 

although the opposite is not always true. This is because similar functions are encoded 

in higher order sequence elements that are not always conserved at the sequence level. 

Therefore, similar functions are often encoded by different sequences and cannot be 

detected by conventional sequence alignment methods (Blanco et al, 2007). 

  

 From the results obtained, it can be noted that sequences of the PCR products 

and ESTs of Musa sp. of the three families – miR156, miR169 and miR172 (Figures 3.5, 

3.6 and 3.7) – were found to be highly matched. Alignments between the PCR products 

and ESTs show high percentages of similarities. For miR families 156 and 172, the 

similarities were an almost perfect match with sequence identities of 99%. The miR169 

family too showed high similarity between the PCR product and EST sequence with a 

sequence identity of 98%. 

 

Sequence alignments of the miR156 family candidates from Musa sp. with other 

known mature miR156 sequences from plant species including Arabidopsis thaliana, 

Brassica napus, Oryza sativa, Populus trichocarpa and Zea mays showed high 

similarities of around 90% across the plant species. Beside that, sequence alignments of 

the miR169 family candidates from Musa sp. with other known mature miR169 

sequences from plant species including Arabidopsis thaliana, Oryza sativa, Populus 

trichocarpa and Zea mays had a similarity percentage of 76%. Result of both this 

sequence alignments of the miR156 and miR169 confirms that the findings of other 
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studies that the mature miRNA are highly conserved among land plants (Zhang et al., 

2005a; Willmann and Poethig, 2008).  

 

However, both sequence alignments of the miR156 and miR169 family 

candidates from Musa sp. with precursors of respective family from the above 

mentioned plant species, did not show an overall high similarity and only the mature 

miRNA and complementary miRNA sequences (miRNA*) have been found to be 

highly conserved across all species. This showed that precursor sequences are not well 

conserved across all species due perhaps to the different origins and selection pressure 

of the plant species. The divergences of miRNA sequences between species were 

believed to be involved in the regulation of various specific processes (Yang et al., 

2007). 

 

In addition, precursors of miRNA were found to consist of more A+U bonds, 

thus forming more base pairs in their secondary structures. More hydrogen bonds and 

base pairs formed within miRNA precursor sequences leads to more stable miRNA 

hairpin precursors, which in turn may prove beneficial in the transport of miRNA 

precursors from the nucleus to the cytoplasm. This may also help in the recognition of 

stem-loop structures by the Dicer-like enzymes, thus cutting miRNA precursors into 

miRNA:miRNA* duplexes which then form mature miRNAs (Zhang et al., 2005b). 
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5.0 Conclusion 

 By using publicly available EST data and the high degree of evolutionary 

conservation of mature miRNAs within the plant kingdom, a computational approach 

was used to predict and identify novel miRNA orthologs in other plant species. In this 

study, from a database of 42,978 Musa sp. EST sequences, nine novel mature miRNAs 

were identified and three selected novel mature miRNAs had been experimentally 

validated for the miRNA expression in Musa acuminata var. Berangan. The potential 

roles of these novel miRNAs in Musa sp. include regulation of flowering time, root 

nodulation and floral development. All this information is crucial for the development 

of this major crop plant. In future, these novel miRNAs should undergo further 

experimental identification and validation for their target in Musa sp. 
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Appendix 1: BLAST results of 47 potential miRNAs of Musa sp. 

Query= gi|146228486|gb|ES436957.1|ES436957 EST1237163 ESTSYN-L Musa 

acuminata cDNA clone pESTSYNL-10F14 5', mRNA sequence. Length = 961 

>osa-miR393 MIMAT0000957, length = 21 

Score = 36.2 bits (18), Expect = 5e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 

 

 

Query= gi|146226345|gb|ES434836.1|ES434836 EST1235042 ESTSYN-L Musa 

acuminata cDNA clone pESTSYNL-4M20 5', mRNA sequence. Length = 789 

>bna-miR156a MIMAT0004445, length = 21 

Score = 42.1 bits (21), Expect = 7e-007 

Identities = 21/21 (100%) 

Strand = Plus / Plus 

 

 

>osa-miR156l MIMAT0001021, length = 21 

Score = 36.2 bits (18), Expect = 4e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 
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>osa-miR156k MIMAT0001020, length = 21 

Score = 34.2 bits (17), Expect = 2e-004 

Identities = 20/21 (95%) 

Strand = Plus / Plus 

 

 

Query= gi|146222506|gb|ES431747.1|ES431747 EST1231954 ESTSYN-F Musa 

acuminata cDNA clone pESTSYNF-4I7 5', mRNA sequence. Length = 925 

>osa-miR393 MIMAT0000957, length = 21 

Score = 36.2 bits (18), Expect = 5e-005 

Identities = 18/18 (100%) 

Strand = Plus / Minus 

 

 

Query= gi|146223567|gb|ES432808.1|ES432808 EST1233015 ESTSYN-F Musa 

acuminata cDNA clone pESTSYNF-8N18 5', mRNA sequence. Length = 699 

>osa-miR156k MIMAT0001020, length = 21 

Score = 38.2 bits (19), Expect = 9e-006 

Identities = 19/19 (100%) 

Strand = Plus / Minus 
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>bna-miR156a MIMAT0004445, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Minus 

 

 

>osa-miR156l MIMAT0001021, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Minus 

 

 

Query= gi|70796212|gb|DN238918.1|DN238918 MUC4LH1013_G07_.b_052. Musa 

acuminata leaves HOT stress Musa acuminata subsp. burmannicoides cDNA 

5', mRNA sequence. Length = 747 

>osa-miR160e MIMAT0001030, length = 21 

Score = 40.1 bits (20), Expect = 2e-006 

Identities = 20/20 (100%) 

Strand = Plus / Minus 
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>osa-miR160f MIMAT0001031, length = 21 

Score = 32.2 bits (16), Expect = 6e-004 

Identities = 19/20 (95%) 

Strand = Plus / Minus 

 

 

Query= gi|146226218|gb|ES434709.1|ES434709 EST1234915 ESTSYN-L Musa 

acuminata cDNA clone pESTSYNL-4G9 5', mRNA sequence. Length = 947 

>osa-miR156k MIMAT0001020, length = 21 

Score = 42.1 bits (21), Expect = 8e-007 

Identities = 21/21 (100%) 

Strand = Plus / Minus 

 

 

>bna-miR156a MIMAT0004445, length = 21 

Score = 34.2 bits (17), Expect = 2e-004 

Identities = 20/21 (95%) 

Strand = Plus / Minus 
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Query= gi|146228497|gb|ES436968.1|ES436968 EST1237174 ESTSYN-L Musa 

acuminata cDNA clone pESTSYNL-10H12 5', mRNA sequence. Length = 733 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Minus 

 

 

Query= gi|146222802|gb|ES432043.1|ES432043 EST1232250 ESTSYN-F Musa 

acuminata cDNA clone pESTSYNF-5D19 5', mRNA sequence. Length = 735 

>osa-miR396d MIMAT0001600, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= gi|146222248|gb|ES431489.1|ES431489 EST1231695 ESTSYN-F Musa 

acuminata cDNA clone pESTSYNF-2J22 5', mRNA sequence. Length = 781 

>mtr-miR395b MIMAT0001649, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 
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>osa-miR395v MIMAT0003876, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= gi|146222618|gb|ES431859.1|ES431859 EST1232066 ESTSYN-F Musa 

acuminata cDNA clone pESTSYNF-4L19 5', mRNA sequence. Length = 803 

>osa-miR171i MIMAT0001085, length = 21 

Score = 32.2 bits (16), Expect = 6e-004 

Identities = 19/20 (95%) 

Strand = Plus / Minus 

 

>osa-miR171b MIMAT0001063, length = 21 

Score = 26.3 bits (13), Expect = 0.040 

Identities = 19/21 (90%) 

Strand = Plus / Minus 

 

 

Query= 600078119T1   2536   view annotation for est 600078119T1. Length = 414 

>osa-miR169f MIMAT0001051, length = 21 

Score = 38.2 bits (19), Expect = 6e-006 

Identities = 19/19 (100%) 
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Strand = Plus / Minus 

  

 

>osa-miR169e MIMAT0001050, length = 21 

Score = 36.2 bits (18), Expect = 2e-005 

Identities = 18/18 (100%) 

Strand = Plus / Minus 

 

 

>osa-miR169n MIMAT0001059, length = 21 

Score = 30.2 bits (15), Expect = 0.001 

Identities = 18/19 (94%) 

Strand = Plus / Minus 

 

 

Query= 600079708T1   3158   view annotation for est 600079708T1. Length = 517 

>osa-miR393 MIMAT0000957, length = 21 

Score = 36.2 bits (18), Expect = 3e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 
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>osa-miR393b MIMAT0001078, length = 22 

Score = 36.2 bits (18), Expect = 3e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 

 

 

Query= 600103903T1   16131   view annotation for est 600103903T1. Length = 467 

>osa-miR393 MIMAT0000957, length = 21 

Score = 36.2 bits (18), Expect = 3e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 

 

 

>osa-miR393b MIMAT0001078, length = 22 

Score = 36.2 bits (18), Expect = 3e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 

 

 

Query= 600132974T1   20252   view annotation for est 600132974T1. Length = 503 

>osa-miR156k MIMAT0001020, length = 21 

Score = 36.2 bits (18), Expect = 3e-005 

Identities = 18/18 (100%) 
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Strand = Plus / Plus 

 

 

Query= 600133648T1   20548   view annotation for est 600133648T1. Length = 353 

>osa-miR156k MIMAT0001020, length = 21 

Score = 36.2 bits (18), Expect = 2e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 

 

 

Query= 600148339T1   25074   view annotation for est 600148339T1. Length = 591 

>osa-miR156k MIMAT0001020, length = 21 

Score = 36.2 bits (18), Expect = 3e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 

 

 

Query= 600174542T1   32465   view annotation for est 600174542T1. Length = 495 

>osa-miR156k MIMAT0001020, length = 21 

Score = 36.2 bits (18), Expect = 3e-005 

Identities = 18/18 (100%) 

Strand = Plus / Plus 
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Query= 600081013T1   3968   view annotation for est 600081013T1. Length = 397 

>osa-miR169f MIMAT0001051, length = 21 

Score = 40.1 bits (20), Expect = 1e-006 

Identities = 20/20 (100%) 

Strand = Plus / Minus 

 

 

>osa-miR169e MIMAT0001050, length = 21 

Score = 38.2 bits (19), Expect = 6e-006 

Identities = 19/19 (100%) 

Strand = Plus / Minus 

 

 

>osa-miR169n MIMAT0001059, length = 21 

Score = 32.2 bits (16), Expect = 3e-004 

Identities = 19/20 (95%) 

Strand = Plus / Minus 
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>osa-miR169d MIMAT0001049, length = 21 

Score = 30.2 bits (15), Expect = 0.001 

Identities = 18/19 (94%) 

Strand = Plus / Minus 

 

 

Query= 600092447T1   9453   view annotation for est 600092447T1. Length = 524 

>osa-miR169f MIMAT0001051, length = 21 

Score = 40.1 bits (20), Expect = 2e-006 

Identities = 20/20 (100%) 

Strand = Plus / Minus 

 

 

>osa-miR169e MIMAT0001050, length = 21 

Score = 38.2 bits (19), Expect = 7e-006 

Identities = 19/19 (100%) 

Strand = Plus / Minus 

 

 

>osa-miR169q MIMAT0001062, length = 21 

Score = 32.2 bits (16), Expect = 5e-004 

Identities = 18/19 (94%) 

Strand = Plus / Plus 
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>osa-miR169n MIMAT0001059, length = 21 

Score = 32.2 bits (16), Expect = 5e-004 

Identities = 19/20 (95%) 

Strand = Plus / Minus 

 

 

>osa-miR169d MIMAT0001049, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Minus 

 

 

Query= 600092884T1   9738   view annotation for est 600092884T1. Length = 555 

>osa-miR169f MIMAT0001051, length = 21 

Score = 40.1 bits (20), Expect = 2e-006 

Identities = 20/20 (100%) 

Strand = Plus / Minus 
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>osa-miR169q MIMAT0001062, length = 21 

Score = 38.2 bits (19), Expect = 8e-006 

Identities = 19/19 (100%) 

Strand = Plus / Plus 

 

 

>osa-miR169e MIMAT0001050, length = 21 

Score = 38.2 bits (19), Expect = 8e-006 

Identities = 19/19 (100%) 

Strand = Plus / Minus 

 

 

>osa-miR169n MIMAT0001059, length = 21 

Score = 32.2 bits (16), Expect = 5e-004 

Identities = 19/20 (95%) 

Strand = Plus / Minus 

 

 

>osa-miR169d MIMAT0001049, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Minus 
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Query= 600129804T1   19373   view annotation for est 600129804T1. Length = 241 

>osa-miR156k MIMAT0001020, length = 21 

Score = 38.2 bits (19), Expect = 3e-006 

Identities = 19/19 (100%) 

Strand = Plus / Plus 

 

 

>bna-miR156a MIMAT0004445, length = 21 

Score = 30.2 bits (15), Expect = 8e-004 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

>osa-miR156l MIMAT0001021, length = 21 

Score = 30.2 bits (15), Expect = 8e-004 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600133517T1   20491   view annotation for est 600133517T1. Length = 466 

>osa-miR156k MIMAT0001020, length = 21 

Score = 38.2 bits (19), Expect = 7e-006 

Identities = 19/19 (100%) 
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Strand = Plus / Plus 

 

 

>bna-miR156a MIMAT0004445, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

>osa-miR156l MIMAT0001021, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600156376T1   27348   view annotation for est 600156376T1. Length = 496 

>osa-miR156k MIMAT0001020, length = 21 

Score = 38.2 bits (19), Expect = 7e-006 

Identities = 19/19 (100%) 

Strand = Plus / Plus 
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>bna-miR156a MIMAT0004445, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

>osa-miR156l MIMAT0001021, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600160669T1   28781   view annotation for est 600160669T1. Length = 474 

>osa-miR156k MIMAT0001020, length = 21 

Score = 38.2 bits (19), Expect = 7e-006 

Identities = 19/19 (100%) 

Strand = Plus / Plus 

 

 

>bna-miR156a MIMAT0004445, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 



80 

 

 

 

>osa-miR156l MIMAT0001021, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600081801T1   4333   view annotation for est 600081801T1. Length = 601 

>osa-miR156k MIMAT0001020, length = 21 

Score = 40.1 bits (20), Expect = 2e-006 

Identities = 20/20 (100%) 

Strand = Plus / Plus 

 

 

>bna-miR156a MIMAT0004445, length = 21 

Score = 32.2 bits (16), Expect = 5e-004 

Identities = 19/20 (95%) 

Strand = Plus / Plus 
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Query= 600145360T1   24058   view annotation for est 600145360T1. Length = 594 

>osa-miR156k MIMAT0001020, length = 21 

Score = 40.1 bits (20), Expect = 2e-006 

Identities = 20/20 (100%) 

Strand = Plus / Plus 

 

 

>bna-miR156a MIMAT0004445, length = 21 

Score = 32.2 bits (16), Expect = 5e-004 

Identities = 19/20 (95%) 

Strand = Plus / Plus 

 

 

Query= 600104506T1   16427   view annotation for est 600104506T1. Length = 523 

>osa-miR156k MIMAT0001020, length = 21 

Score = 42.1 bits (21), Expect = 5e-007 

Identities = 21/21 (100%) 

Strand = Plus / Plus 

 

 

>bna-miR156a MIMAT0004445, length = 21 

Score = 34.2 bits (17), Expect = 1e-004 

Identities = 20/21 (95%) 

Strand = Plus / Plus 
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Query= 600145442T1   24105   view annotation for est 600145442T1. Length = 616 

>osa-miR156k MIMAT0001020, length = 21 

Score = 42.1 bits (21), Expect = 6e-007 

Identities = 21/21 (100%) 

Strand = Plus / Plus 

 

 

>bna-miR156a MIMAT0004445, length = 21 

Score = 34.2 bits (17), Expect = 1e-004 

Identities = 20/21 (95%) 

Strand = Plus / Plus 

 

 

Query= 600079015T1   2976   view annotation for est 600079015T1. Length = 581 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 
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Query= 600080802T1   3881   view annotation for est 600080802T1. Length = 615 

>osa-miR169n MIMAT0001059, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600080875T1   3945   view annotation for est 600080875T1. Length = 583 

>osa-miR169n MIMAT0001059, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600084823T1   4751   view annotation for est 600084823T1. Length = 497 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 
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Query= 600085062T1   4903   view annotation for est 600085062T1. Length = 600 

>osa-miR169n MIMAT0001059, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600087026T1   6095   view annotation for est 600087026T1. Length = 545 

>osa-miR169n MIMAT0001059, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600087712T1   6490   view annotation for est 600087712T1. Length = 572 

>osa-miR169n MIMAT0001059, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

                       

Query= 600087966T1   6639   view annotation for est 600087966T1. Length = 421 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.001 
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Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600093195T1   9955   view annotation for est 600093195T1. Length = 490 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600100194T1   13842   view annotation for est 600100194T1. Length = 581 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600103944T1   16162   view annotation for est 600103944T1. Length = 567 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 
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Query= 600106033T1   17205   view annotation for est 600106033T1. Length = 565 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600124872T1   18512   view annotation for est 600124872T1. Length = 456 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600142076T1   23069   view annotation for est 600142076T1. Length = 480 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 
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Query= 600153776T1   26699   view annotation for est 600153776T1. Length = 440 

>osa-miR169n MIMAT0001059, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600160442T1   28683   view annotation for est 600160442T1. Length = 397 

>osa-miR172c MIMAT0001071, length = 21 

Score = 30.2 bits (15), Expect = 0.001 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600173221T1   32142   view annotation for est 600173221T1. Length = 480 

>osa-miR164d MIMAT0001034, length = 21 

Score = 30.2 bits (15), Expect = 0.002 

Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600177165T1   32938   view annotation for est 600177165T1. Length = 506 

>osa-miR169n MIMAT0001059, length = 21 

Score = 30.2 bits (15), Expect = 0.002 
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Identities = 18/19 (94%) 

Strand = Plus / Plus 

 

 

Query= 600136111T1   21376   view annotation for est 600136111T1. Length = 461 

>osa-miR156k MIMAT0001020, length = 21 

Score = 36.2 bits (18), Expect = 3e-005 

Identities = 20/21 (95%) 

Strand = Plus / Plus 
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Appendix 2: Solution preparation for RNA extraction using CTAB-NETS. 

i. CTAB extraction buffer of 500 ml 

 2 g of 2% CTAB 

 2 g of 2% PVP40                         Treat with 0.1 % DEPC, shake vigorously and 

left 

 5 ml of 0.5 M EDTA                   overnight before autoclave at 121 ºC for 45 min. 

 40 ml of 5 M NaCl 

 10 ml of 1 M Tris-Cl, pH 8.0 

 DEPC-water adjust the final volume to 500 ml 

 

ii. 0.5 M of EDTA (100 ml) 

 About 18.61 g of disodium ethylene diamine tetraacetate powder was added to 

80 ml of water. The solution was stirred vigorously with a magnetic stirrer. 

Approximately 2 g of NaOH pellet was added into the solution and was adjusted 

to pH 8.0. The solution was then sterilized by autoclave. 

 

iii. 5 M of NaCl (100 ml) 

 About 29.22 g of NaCl powder was dissolved in 80 ml of water. The volume is 

adjusted to 100 ml and sterilized by autoclave. 

 

iv. 1 M of Tris, pH 8.0 (100 ml) 

 Before preparing Tris solution, spatula and container were sprayed with RNase 

AWAY
TM

, distilled water and bottle were treated with DEPC. About 12.11 g of 

Tris base powder was dissolved in 80 ml of water. The pH was adjusted to the 

8.0 by adding 4.2 ml of concentrated HCl. The solution was allowed to cool in 
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room temperature before making final adjustment to the pH. It was sterilized by 

autoclave. 

 

v. chloroform-isoamylalcohol, CI (250 ml) 

 With the ratio 24:1 of CI, 240 ml of chloroform were added to 10 ml of 

isoamylalcohol. 

 

vi. 3 M of sodium acetate, NaOAC with pH 5.2 (100 ml) 

 About 40.81 g of sodium acetate powder was dissolved into 80 ml of water. The 

pH was adjusted to 5.2 with glacial acid. The solution was then sterilized by 

autoclave. 

 

vii. 10 X Tris-Borate EDTA, TBE buffer (500 ml) 

 54 g of Tris base 

 27.5 g of boric acid 

 2 ml of 0.05 M EDTA, pH 8.0 

 Distilled water adjust to final volume of 500 ml 

 Sterilized with autoclave at 121 ºC for 45 min 
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Appendix 3: Sequencing results of the RT-PCR. 

 

Figure A.1: Sequencing results for RT-PCR amplified cDNAs from Musa acuminata 

var. Berangan with miR156a. 

 

 

Figure A.2: Sequencing results for RT-PCR amplified cDNAs from Musa acuminata 

var. Berangan with miR169f/n. 

 

 

Figure A.3: Sequencing results for RT-PCR amplified cDNAs from Musa acuminata 

var. Berangan with miR172c. 
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