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ABSTRACT 
 

Pineapple (Ananas comosus (L) Merrill) is one of an economically cultured crops in Taiwan. It is normally cultivated in soils 

containing strong acidity where aluminum (Al) often inhibits the growth of crop roots. This research was carried out with the 

objective of identifying the main genes that directly influence aluminum tolerance by resistant and non-resistant pineapples 

(Cayenne and Tainung No. 17, respectively). For this reason, both cultivars were grown in hydroponic nutrient solution, each 

containing 0 and 300 μM AlCl3, in a growth chamber for four weeks. Samples of root apices were taken, followed by extraction of 

RNA, selection of primers, sequencing and processing of PCR. Finally, after examination of genes, the relative expressions of 

them for both cultivars were determined by quantitative PCR. The results obtained from polymerase chain reaction experiments 

proved the Al-resistance characteristics of pineapples are mainly regulated by two genes, namely GAPDH (glyceraldehyde-3-

phosphate-dehydrogenase) and FBA (fructose biphosphate adenosine). This result may provide important indications for the study 

of advancing genetic mechanisms on Al-resistance in pineapples. 
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 RESUMEN  
 

Expresión genética en plantas de piña con diferente grado de resistencia al aluminio 

La piña (Anonas comosus (L) Merrill) es uno de los cultivos económicamente importantes en Taiwán. Normalmente se cultiva en 

suelos que contienen una acidez fuerte donde el aluminio (Al) a menudo inhibe el crecimiento de las raíces. Esta investigación se 

realizó con el objetivo de identificar los principales genes que influyen directamente en la tolerancia al aluminio por piñas 

resistentes y no resistentes (Cayenne y Tainung No. 17, respectivamente). Para ello, las plantas se cultivaron en una solución 

hidropónica nutritiva que contenía AlCl3 en concentraciones de 0 y 300 μM en una cámara de crecimiento durante cuatro 

semanas. Se tomaron muestras de ápices de raíces, lo cual fue seguido por un protocolo metodológico que incluyó extracción de 

ARN, selección de cebadores, secuenciación y procesamiento de PCR. Finalmente, después del examen de los genes, las 

expresiones relativas de los mismos para ambos cultivares se determinaron por PCR cuantitativo. Los resultados obtenidos 

mediante las pruebas de la reacción en cadena de la polimerasa mostraron que las características de resistencia al aluminio de las 

plantas de piña están regulados principalmente por los genes GAPDH (gliceraldehído-3-fosfato-deshidrogenasa) y FBA (fructosa 

bifosfato adenosina). Estos resultados pueden proporcionar indicaciones importantes para el estudio del avance de los 

mecanismos genéticos sobre la resistencia al aluminio en el cultivo de la piña. 

Palabras clave adicionales: Ananas comosus, ápice radical, genes de resistencia, PCR en tiempo real 
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INTRODUCTION  
 

Aluminum toxicity is already verified as one of 

environmental injuries that influence the growth of 

plant in the soils containing strong acidity. Le Van 

and Masuda (2004) used ten pineapple cultivars to 

proceed with an Al-resistance experiment, and 

found that Cayenne is the most Al-resistant 

cultivars. Chen and Lin (2010) evaluated different 

Al concentrations on four pineapple cultivars and 

found that Cayenne was the least affected, while 

Tainung No.17 was notoriously affected under high 

Al concentration. On the other hand, the nutrient 

absorption was increased and the cells of root apex 

were healthy in Cayenne after treating with 300 μM 

AlCl3. However, nutrient absorption was inhibited 

and cells of root apices were injured in Tainung 

No.17 (Lin, 2010; Lin and Chen, 2019). So, the 
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authors concluded that Cayenne is the most Al-

resistant and Tainung No.17 is one of the most Al-

sensitive cultivar.  

Studies on Al-resistance genes of Arabidopsis, 

wheat and rice showed that the characteristics of 

resistant cells are related to their specific resistance 

genes (Degenhardt et al., 1998; Yin et al., 2009). 

Many proteins were identified for different crops 

(Salekdeh et al., 2002; Zhen et al., 2007), and 

pineapple (Chen and Lin, 2010) grown in 

unfavorable environments. However, few 

researches have been directed to Al-resistance 

genes of pineapples perhaps due to the fact that 

degree of  resistance of plants in an unfavorable 

environment is a complicated phenomenon. It is 

closely related to genetics and paths of signals 

(Hoekenga et al., 2003).  

Many current studies are directed toward 

molecular basics of resistance genes in order to 

improve growth of crops in strong acid soil. 

Although Al-resistance genes of many crops have 

been identified, such as wheat, soybean and 

Arabidopsis (Richards et al., 1994; Ragland and 

Soliman, 1997; Farh et al., 2017), the study of Al-

resistance genes of some crops may not be 

applicable to other crops. That is the reason why 

genetics is worthy of further in-depth studies. 

Polymerase chain reaction (PCR) technique is a 

most commonly used, convenient and effective tool 

for gene identification (Mullis, 1990). This 

technique allows rapid and multiple growth of 

some section of special series of DNA (Marchuk et 

al., 1991). Following the identification of all 

genetic series of rice, the application of real-time 

PCR has been widely adopted for the study of gene 

transcription in many crops (Heid, 1996), including 

expressed analysis of genes related to 

environmental stress and metabolism of 

carbohydrates (Ishimaru et al., 2005; Kanegae et 

al., 2005). 

For studying genes that were induced by Al 

toxicity, this technique was employed successfully 

to identify accurately many Al-resistance genes of 

rice, wheat and corn. These genes were found to be 

related to the composition of cell wall, metabolism 

of protein, secondary metabolism, anti-oxidizing 

environment and other Al-resistance function of the 

cell (Mao et al., 2004; Guo et al., 2007). The 

researches on genetics of Al-resistance pineapples 

are still rare so far. Chen and Lin (2010) studied the 

effect of applications high concentrations of 

aluminum in Cayenne pineapple and found a 

notorious variation on the protein metabolism. As 

Cayenne is Al-resistant while Tainung No.17 is not 

(Lin, 2010), the objective of this research was to 

use PCR technique to study the main genes as 

influenced factors on Cayenne and Tainung No. 17 

pineapples under treatments including application 

or not of AlCl3. The results may serve as a 

reference to future genetic studies on Al-resistance 

characteristics of pineapples. 

 

MATERIALS AND METHODS 
 

The preparation of pineapple samples. Fresh 

weight of about 81±8 g each of pineapple cultivars 

(Cayenne and Tainung No.17) were planted in 

planting pots (30 cm height, 25 cm inner diameter) 

that contained modified ingredients of Hoagland 

and Arnon (1950) hydroponic solution, and 

cultivated in a growth chamber. Plants in the 

containers were aerated by bubble driver. The 

environmental conditions were set at 28 ºC 

temperature/ 60 % relative humidity (13 hours at 

day-time), and 22 ºC temperature/ 80 % relative 

humidity (11 hours at night-time). Hydroponic 

solution was renewed every week. Each of the two 

pineapple cultivars was cultivated and treated with 

0 and 300 μM AlCl3 for four weeks. 

Extraction of RNA and reverse transcription.    

Root apices of pineapple were extracted for RNA 

using Trizol total RNA isolation reagent (Ambion, 

Life Technologies) as protocol. The concentration 

of RNA was calculated by A-drop 

spectrophotometer. cDNA was synthesized from 

RNA using primers according to the Kit of cDNA 

reverse transcription protocol. The reactive system 

of reverse transcriptase contained RNA samples 

(100 ng), RT primer (50 nM), RT buffer (10X), 

dNTPs (100 mM), multiscribe reverse 

transcriptase (50 U/μl) and RNase inhibitor (40 

U/μl) (RNaseOUT, Invitrogen). Then 20μl 

mixture was incubated in an Applied Biosystems 

2700 thermal-cycler in a PCR reaction tube, and 

treated 10 min at 25 °C, 120 min at 37 °C, and 5 

seconds  at  85 °C.  At  last,  it  was  maintained at 

4 °C. 

Selection of primers. The primers were chosen 

from GAPDH gene that were obtained from NCBI 

GenBank (GI:120669) sequences. The primer 

target sequences were advancely confirmed by 

Primer Express V.2.0 software. Primers GAPDH-
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418F (5'- ACHGAYTACATGACHTAYATGTT-

3') and GAPDH-907R (5'-CTTCCACCYCTCCA 

GTCYTT-3') showed the most suitable fragment 

of the GAPDH gene (489 bp). 

Sequence of GADPH and FBA by proceeding 

of real-time PCR. The PCR reactions (25 μL) 

was proceeded using the method of Hasan et al. 

(2009), and the amplification was performed in an 

Applied Biosystems 2700 thermal-cycler. The gel 

was stained and observed with “Seeing Safe” and 

fluorescence illuminator (Dark reader, Clare 

Chemical Research). At last, the searching engine, 

basic local alignment search tool (BLAST) was 

used for the finding of accurate gene in the 

genebank. The primers of PCR products were 

cloned following the method of Hwa et al. (2011). 

Real-time PCR was proceeded by the method of 

Ma et al. (2012) which was first proposed by 

Mullis (1990). After PCR, dissociative curve was 

examined. The ∆∆Ct method was determined for 

the quantitative expression of gene and the primer 

was A1+A-300GAPDH. The primer sequence for 

95F was TTTGGCGAGAAGGCAGTCA, and for  

300R was TCATTCACACCAACAACAAA 

CATC. The amino acid series of these proteins 

were used to determine the mRNA series, and 

then these mRNA series were reversibly 

transcribed to cDNA (complementary DNA). The 

cDNA was used commonly as primer and 

underwent a series of DNA polymerase chain 

reaction (PCR). The target genes were purified by 

genetic transplant, and the “specific genes” were 

subject to real-time quantitative PCR with primer 

design. Finally the genes were examined with 

PCR and their relative expressions in samples 

from root apices of Cayenne and Tainung No.17 

after treating with non-Al and 300 μM AlCl3 

solution were determined by QPCR (quantitative 

PCR). Results are presented as images of the 

electrophoretic runs of PCR, and comparison of 

the relative expression of genes. 

 

RESULTS AND DISSCUSION 
 

Genetic Studies of Al-Resistant Pineapples. 

After examination with real-time PCR, it was 

confirmed the existence of genes GAPDH and 

FBA  in  Cayenne  pineapple  cultivar  when 

exposed to 300 μM AlCl3 solution (Figures 1 and 

2). Apparent expression of GAPDH was observed 

in either Cayenne or Tainung No.17 pineapple 

cultivars treated or not with AlCl3 solutions 

(Figure 1). The quantity of GAPDH expression 

was low for any cultivar without aluminum 

treatment, and therefore it was lower than that of 

the cultivars treated with the product. The ratio in 

GADPH of Tainung No.17 for 300 μM AlCl3 is 

more than 20 times higher than that of non 

aluminum treatment. The ratio in the same gene 

for Cayenne is about 35 times higher than that 

without aluminum. These ratios are all much 

higher than 2 times which is usually considered 

high in relative expression. Thus the GADPH 

expression level for Cayenne is more prominent 

relative to Tainung No.17 (Table 1).  

Similarly, apparent FBA expression was only 

found in Cayenne treated with 300 μM AlCl3 

(Figure 2). The ratio in the FBA relative 

expression level of Cayenne is about 20 times 

higher for Al treated plants relative to non treated 

plants. However, the ratio in FBA relative 

expression level of Tainung No.17 for 300 μM 

AlCl3 was only about twice higher than that 

without aluminum, which means that FBA protein 

in the cultivar was inhibited under high Al 

concentration, although still showed higher 

expression than that with non Al treatment. It is 

concluded that the relative gene expression level 

of Cayenne is higher than that of Tainung No.17 

and the quantity of FBA for Cayenne was about 

35 times higher under aluminum treatment (Table 

2). Iskandar et al. (2004) suggested that when the 

relative expressive level of a gene was higher than 

thirty, the expression of gene was apparent. 

GAPDH has been widely distributed in the 

original nucleus and true nucleus of biota. It was 

thought to be related to glycolytic pathway, and 

when plants are in unfavorable environment, the 

GAPDH gene would regulate or modify in order 

to adapt to the environment (Hajitrzaei et al., 

2006). 

In a previous research, Chen and Lin (2010) 

studied proteins in root apices of Al-resistant 

Cayenne and found that GAPDH and FBA were 

the most apparent upregulated proteins when the 

plant was treated with high Al concentration. 

Similar results were observed by Chiadmi et al. 

(1999) on pea, and Mugford et al. (2010) on 

Arabidopsis. 

In this study, GAPDH of Cayenne in Al-

affected environment belonged to up regulated 

protein which had relatively higher quantity of 
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expression. This suggested that this gene might 

play an important role in metabolism under 

unforeseeable environments. Ohdan et al. (2005) 

and Narayanan et al. (2007) obtained comparative 

results when conducting genetic studies on Al-

resistant rice. 

It has been found that many altered proteins in 

the high Al concentration roots of Cayenne are 

associated closely with organic acids (Chen and 

Lin, 2010) which can help to maintain cell 

morphology and chelating of aluminum, and 

according to Le Van and Masuada (2004), the 

secretion of organic acids may reduce Al toxicity 

on root apices. 

  

 
 

Figure 1. Gel electrophoresis of the RT-PCR 

products showing the expression of GAPDH 

genes in Cayenne and Tainung No.17 after 

treating with 0 and 300 µM AlCl3 

 

Table 2 indicates that the FBA gene 

experiment in Cayenne was extremely high  

relative to no Al treatment (Figure 2). This was 

attributed to internal modifications in the plant, 

and suggest that such response could protect cells 

of root apices of Al-resistant Cayenne in high 

aluminum environments. 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Gel electrophoresis of the RT-PCR 

products showing the expression of FBA 

genes in Cayenne and Tainung No.17 

after treating with 0 and 300 μM AlCl3 
 

 

 

 

 

Table 1. The relative GAPDH gene expression by RT-quantity-PCR between Cayenne and Tainung 

No.17 pineapple with the treatments of 0 and 300 µM AlCl3 
Treatments Ct 

(Target  

gene) 

Ct 

(Reference  

gene) 

∆Ct 

(Target) 

∆∆Ct 

( Sample-Reference) 

Relative 

expression  

level 

Tainung No.17 (0 µM AlCl3) 32.46 29.63 2.83 — 1.00 

Tainung No.17(300 µM AlCl3) 32.03 24.77 7.26 4.43 21.62 

Cayenne(0 µM AlCl3) 32.09 28.88 3.21 0.38 1.30 

Cayenne(300 µM AlCl3) 26.95 18.61 8.34 5.51 45.74 

*GAPDH: glyceraldehyde-3-phosphate-dehydrogenase,  Ct: threshold cycle number 
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Table 2. The relative FBA gene expression by RT-quantity-PCR between Cayenne and Tainung No.17 

pineapple with the treatments of 0 and 300 µM AlCl3 
Treatments Ct 

(Target 

gene) 

Ct 

(Reference  

gene) 

∆Ct 

(Target) 

∆∆Ct 

( simple-Reference) 

Relative 

expression  

level 

Tainung No.17 (0 µM AlCl3) 37.10 35.45 1.65 — 1.000 

Tainung No.17(300 µM AlCl3) 32.20 29.56 2.64 0.99 1.987 

Cayenne(0 µM AlCl3) 34.40 31.11 3.29 1.64 3.110 

Cayenne(300 µM AlCl3) 31.10 23.49 7.61 5.96 62.220 

*FBA: fructose biphosphate adenosine,  Ct: threshold cycle number 

 
 

 

CONCLUSIONS 
 

Aluminum resistance characteristics of studied 

pineapples cultivars are regulated at least by two 

genes: glyceraldehyde-3-phosphate-dehydrogenase 

(GAPDH) and fructose biphosphate adenosine 

(FBA). Apparently, these genes could promote Al-

resistance in Cayenne cultivar and protect cells of 

root apices of the plant under high aluminum 

environments. These results may serve as an 

important clue for genetics or mechanism of Al-

resistance in pineapples. 
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