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Abstract. Banana is classified as a climateric fruit, whose ripening is regulated by ethylene. Ethylene is synthesized from 
ACC (1- aminocyclopropane-1-carboxylic  acid) by ACC oxidase enzyme which is encoded by ACO gene. Controling an 
important gene expression in ethylene biosynthesis pathway has became a target to delay the ripening process. Therefore in 
the previous study we have designed a MaACO-RNAi construct to control MaACO gene expression. In this research, we 
study the effectiveness of different transient transformation methods to deliver the construct. Direct injection, with or no 
vaccum infiltration methods were used to deliver MaACO-RNAi construct. All of the methods succesfully deliver the 
construct into banana fruits based on RT-PCR result. 
 

Keywords: pisang Ambon Lumut, MaACO gene, transient transformation 
 
 

INTRODUCTION 
 

Banana (Musa sp.) is a prominent  crop in the world and has an important  role in the economic  
sector of developing countries - not only as a staple food but also as an export commodity. Based on world 
production gross value, banana is fourth  in the ranking for primary food after rice, wheat, and corn [1]. In 2012, 
based on datas from Statistic Indonesia, banana ranks as the largest amount of fruit produced in Indonesia. This 
placed Indonesia as the sixth  largest banana-producing country in the world, although  not the largest exporter 
[6, 14]. One of  the factor of banana’s high productivity rate is the fruit’s physiology - which is classified to 
climateric fruit because its ripening process  is influenced  by ethylene.  Ethylene  will  accelerate  climateric  
fruit ripening  so that   it will  ripen  in  a relatively short time [3]. This regulation causes a disadvantage in 
the fruit’s distribution process, where any delay could damage the fruit up to the point where it’s not fit for 
consumption [2]. 

Many efforts has been made to overcome  the distribution problem, mostly having to do with a way to 
control fruit ripening, such as distribution with refrigerated container, insulated packaging, and combination of 
atmosphere modification and cold temperature (usually 10% CO2  , 1-2% O2, 14oC). But the results are still 
deemed in adequate, as it only lengthen the distribution   time to a maximum  of 14 days. However,  
mentioned   methods   are also expensive and space consuming [2].  Alternative methods would have to be 
made to overcome these problems. One of  them  is  
genetic  manipulation  to  delay  food  ripening  by  controlling  the  pathways  for  ripening  procces, 
specifically by manipulating  the ethylene. 1-aminocyclopropane-1-carboxylic-acid  (ACC) oxidase (ACO) 
is the genes which  encodes  ethylene  biosynthesis.  Our previous  study has produced  ACO-RNAi  construct  
to control MaACO gene expression (unpublished data). 

In this  research  we  are trying  to  develop  different  transient  transformation  from  normal  methods  
such  as Agrobacterium  mediated transformation  and physical transformation such as particle bombartment 
[10, 13]. We used MaACO-RNAi construct with constitutive promoter, CaMV 35S and inducible promoter, 
MaACO promoter with direct injection, with or no vaccum infiltration methods.
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MATERIALS AND METHODS 
 

Materials 
 

We used ‘Ambon Lumut’ banana fruit as plant material and the MaACO-RNAi construct from previous 
research which have constitutive promoter, CaMV 35S and MaACO promoter. 

 
Methods 

 
Transfer of MaACO-RNAi Construct into Ambon Lumut Banana Sample 

 
1) Injection method 
The Ambon Lumut banana used in this research were taken from the same bunch. The bananas were treated 
with: injection of 1 mL of 10 µg plasmid solution (the MaACO-RNAi  construct  +35S promoter, the 
MaACO-RNAi construct + MaACO promoter). 

 
2) Vacuum Method 
Fruit from the same bunch were sliced into three 2-3 cm thick pieces from the middle part of fruit and then peel 
was removed. The pieces were then submerged in 25 mL solutions of TE+plasmid containing 10 µg plasmid  
MaACO- RNAi plasmid construct inside a petri dish. Submerged banana samples were vacuumed for 10 
minutes while the control ones were left with no vaccuum. Sample were then collected on days 0, 1, and 3 for 
RNA isolation. 

 
Semi-quantitative Analysis of MaACO Gene Expression 

 
The analysis MaACO gene expression was performed by  RT-PCR. RNA isolation was done with the Zhuang et 
al. (2006) method that has been modified (Robertlee, 2012). The cDNA synthesis was conducted using iScript 
cDNA synthesis KIT (BioRad) after RNA samples were treated with DNAse (DNAseI kit, Thermo Scientific). 
The interest fragment was amplified using specific MaACO and MaGAPDH primers using Handayani protocol 
(2010). Analysis of the electropherogram was conducted using ImageJ software. 

 
 

RESULT AND DISCUSSION 
 

Three methods of gene transfer using injection, vacuum, and without vacuum have been conducted in 
banana fruit. The RT-PCR analysis was conducted to measure effectiveness of different transient transformation 
methods to deliver the construct.  The result from all treatment showed that MaACO gene expression was lower 
in all treated samples compared to control with different level of expression (Fig. 1). There was a decrease in 
MaACO gene expression on first day compare to control but increases on day 3 possessed similar amount of 
expression levels with control. This phenomenon was most likely caused by the disappearance of the silencing 
effect, which in turn was caused by the effect of transient expression.These findings are in line with Yan et 
al. (2012), who claimed that transient expressions of transgenes will reach its highest level on day 2-3 and will 
decrease afterwards. 

Sharp increases found in sample treated with vaccum on day 3. This phenomenon is most likely caused by 
the presence of stress effect (wounding) from the vacuum treatment itself. Despite happening in only small 
numbers, the repression of gene expression happened due to the overabundance of MaACO expression caused 
by the induction of the wounding. The wounding made it so that when the effect of silencing is gone, the 
expression rate increased sharply. Wounding also has the role as one of the factor to induct genes related to 
ripening, including the MaACO gene. This is also bolstered by the fact that the ACO’s promotor possesses a W 
box motif that is activated when it’s inducted by wounding [4, 10]. 
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Figure 1. Semiquantitative MaACO gene expression graph. 0: day 0; 1: day 1; 3 day . 

Control: treatment with TE buffer; CaMV: Treatment with MaACO-RNAi construct + CaMV 35S promoter; 
ACO: Treatment with MaACO-RNAi construct + MaACO promoter. 

 
Based on the collected data, we found that MaACO-RNAi constructs are effectively working in injection 

treatments, although during a short time period. It seemed that the dossage was influence in this treatment, 
also it is to be noted that the usage of this method did not utilize samples from the same individual banana to 
be collected on day 0, 1, and 3. Therefore, the decrease of gene expressions could only be compared to the 
control samples, which RNA was taken at the same day. Injection method has been applied in Caenorhabditis 
elegans [7], Shrimp [9], and Drosophila [5], but limited in plant. Through this research we want to showed that 
it can be promising new method which is cheap and easy for alternative RNAi delivery in plant. 

The construct was aimed to silence mRNA MaACO since it will form hairpin RNA when transcripted. 
The hairpin structure of RNA is predicted to have efficient silencing mechanism in plants.   This RNA 
consists of an inverted repeat of a gene sequence fragment and is separated by a spacer to increase the effect of 
silencing. The effectiveness will increase to 100 % when added  introns as connecting sense and antisense 
strand, called ihpRNA ( intron - hairpin RNA) [13,16]. The  intron  sequence  in  ihpRNA construct will drive 
the sense and antisense arm to be  self-complementary  more  easily, also, the loop region of intron will 
stabilizes the hairpin structure [16]. It made this as a highly efficient construct if compared to other construct 
such as antisense RNA or cosuppression. However, further study using quantitative PCR (qPCR) is needed. 
Real Time PCR is capable of detecting the expression of the MaACO gene more accurately because it could 
detect amplicons during the PCR reactions. The resulting data would be measured in the exponential phase of 
the PCR reaction. 
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