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Agricultural production in acid soils constituting about half of the total 
arable land on Earth, is limited by aluminium toxicity, which is manifested 
by root growth reduction, decreasing nutrients and water absorption by 
the plant. This work evaluated aluminium resistance in genotypes of 
Brachiaria brizantha cv. MG4, transformed with the neMDH gene, by 
using a nutrient solution for agronomic evaluation and gene integration 
confirmation by PCR. Three from the five confirmed transformed 
genotypes of B. brizantha cv. MG4 with the neMDH gene presented 
tolerance to aluminium solutions (111 µmol L -1 and 444 µmol L -1). Two 
from those three genotypes also showed higher dry weight production in 
comparison to the wild-type genotype. 
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INTRODUCTION 
 
In acid soils, which represent 50 % of arable land on 
Earth (PANDA et al., 2009), soluble aluminium mainly 
as Al+3 which is phytotoxic to the plasmatic 
membranes and damages the root development. Due 
to the decrease in water and nutrient absorption, plant 
development does not occur as usual in acid soils, 
compromising further events of plant growth (Kochian, 
1995; Kochian et al., 2004).   

Studies have shown that the most common 
and natural mechanism to avoid Al toxicity is through 
organic acid exudation from the roots as malate, 
oxalate or citrate. These organic anions are 
responsible for the chelated Al form in the rhizosphere, 
preventing penetration into the roots (Ryan et al., 
1995). 
Aluminium tolerance is rarely a selected character on 
plant breeding programmes, thus the intrinsic 
tolerance is a random event or sub product from the 
selection of other characters (McNeilly, 1994). The 
breeding efficiency for aluminium resistance depends 
on the gene bank variability for the plant species, 
which can be very short for some crops and pastures 
(Delhaize et al., 2004). 

Exogenous gene introduction or endogenous 
genes over-expression guarantee a significant 
increase in tolerance to high concentrations of  soluble 
aluminium in soils for several crops (De La Fuente et 
al., 1997; Tesfaye et al., 2001; Anoop et al., 2003; 
Delhaize et al., 2004).  

Miller et al. (1998) cloned the complete 
codifying sequence (Cds) from DNA 1645 bp of the 
neMDH gene (nodule-enhanced malate 
dehydrogenase precursor, access AF020273.1) from 
alfalfa (Medicago sativa). This enzyme intensifies 
citrate, oxalate, malate, succinate and acetate 
secretion in roots, promoting Al chelating in the 
rhizosphere and increasing Al tolerance (Tesfaye et 
al., 2001). 

Forage crops, consisting of around 80 % 
Brachiaria grasses, are of great importance for the 
tropical Americas, Oceania and part of the Asiatic 
countries, being the base for beef and milk production, 
as well as for sheep and equine rearing (Macedo, 
2006).  

This study aimed to verify the Al tolerance 
incorporated by the genetic transformation of palisade 
grass (Brachiaria brizantha, MG4 cultivar) through the 
introduction of a stable neMDH gene, using the 
Agrobacterium tumefaciens technique associated with 
micro  projectile  bombardment  ( biolistic  method ) ,  
thus  evaluating  the molecular characterisation of the 
transformed products and progenies in relation to toxic 
Al levels in a nutritional solution.  
 
 
MATERIAL AND METHODS 
 
Plant transformation 
 

Palisade grass seeds (Brachiaria brizantha, MG4 
cultivar) were sterilised and immersed in water until 
germination. B. brizantha, with co-cultivation of 
scutellum with A. tumefaciens EHA101 pIG121-TaCIC 
(ZmUbi pro) and biolistics of zygotic embryos. The 
vector inserted was pCambia1301 with the neMDH 
gene (nodule-enhanced malate dehydrogenase 
precursor) for Al tolerance - access AF020273.1, 
under Zea mays ubiquitin promoter (Ubi1) allowing 
expression on Monocotyledoneae and giving 
hygromycin resistance (HPT) and GUS reporter gene. 
Transgenic embryos were screened by antibiotic 
hygromycin resistance (100 ug mL-1) (Quecini et al., 
2008). 
 
PCR Molecular Analysis 
 
For the molecular analysis, genomic DNA was 
extracted from leaves (100 mg) using the CTAB 
method (Doyle and Doyle, 1987) in a polymerase 
chain reaction; forward and reverse primers used were 
specific to the neMDH gene ORF´s, 5’- 
TGGATGTTCCAGTTGTTGGA  -3’ and 5’- 
GTGCACGAAGAGACGATTCA -3’, respectively. 
Amplification size was 222 pb for the neMDH. 
Reaction protocol was performed using 1x Taq Buffer 
(Fermentas), 3.0 mM MgCl2, 0.2 mM from 4dNTP mix, 
100 ng from DNA, 1 U of Taq polymerase 
(Fermentas), 0.5 µM from each gene specific primers 
and ultra pure water to the final volume of 25 µL. Initial 
denaturation (5 min at 94ºC) was followed by 30 
amplification cycles (30 sec at 94 ºC, 60 sec at 55 ºC 
and 60 sec at 72 ºC) and a final extension of 5 min at 
72 ºC. Negative controls were performed with genomic 
DNA of non-transformed plants. Analysis of PCR 
products were visualised in 1 % agarose gel 1% (w/v) 
after ethidium bromide staining. DNA standard was a 
1kb GeneRuler™ DNA Ladder (Fermentas). 
 
Progenies Analysis for Al tolerance and 
Phenotypic Evaluation 
 
For the Al tolerance test, a randomised block design 
was used in a factorial scheme 6 x 3, six genotypes 
(five transformed plants and one wild) and three Al 
concentrations (0 µM L-1, 111 µM L-1 and 444 µM L-1), 
with two blocks end five replications. 

The agronomic Al tolerance test was carried 
out in a 30 L nutritional solution, pH 4.5, using PVC 
boxes. Seeds obtained from T0 palisade grass plants 
(Figure 1a) were scarified using sulphuric acid, 
followed by four washing steps in water. They were 
later sown in plastic cartridges containing washed 
sand, and irrigated twice a day (Figure 1b). After one 
week, the sand was replaced by artificial foam and the 
seedlings were splitted into three treatments with Al 
dissolved: (A) 0 µM L -1; (B) 111 µM L -1; (C) 444 µM L 
-1, constantly homogenised by aerators (Figure 1c). 
The nutrient solution was prepared as described by 
Furlani and Furlani (1988). 
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Figure 1: Agronomic evaluation for Al tolerance: seeds obtained from Brachiaria transformed genotypes 

F0 (a); seeded in plastic tubes with sand (b, c); Seedlings removed from sand, involved in vermiculite and 
tested into three soluble AL concentrations (d). 

 
After 30 days, replicates of each treatment, within 
block, were mixed, aerial and root parts were spliced 
and oven-dried at 65º C for 48 h up to constant weight. 
 
Statistical analysis 
 
Dry weight production from aerial parts and roots were 
used to determine the variance analysis and the Tukey 
test at 5% of probability. 
 
 
RESULTS 
 
Plant Transformation 
 
Transformation efficiency was 0.82% (Quecini et al., 
2008). Five plants from Brachiaria were regenerated in 
a selective culture media with hygromycin and by the 
GUS histochemical test. 

 
Molecular analysis 
 
PCR protocol needed to be modified using 6 mM of 
MgCl2, generating sharp bands, with less specificity. 
Primer amplification of the neMDH gene, on positive 
control (plasmid used as transformation vector) 
regenerated, as expected, a 222 bp band. Therefore, 
same reaction occurred in the transformed genotypes, 
showing a 450 bp band, with fade intensity on negative 
control (non-transformed plant). 
 
Progenies and phenotypic evaluation for Al 
tolerance  
 
The variation coefficient was 17.00% for aerial dry 
weight (P < 0.05; Figure 2) and 12.03% for root dry 
weight (P < 0.01; Figure 3). 
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*averages with same low letter – among genotypes and, capital letters for treatment, did not differ statistically by 
Tukey test at 5%; 
 

Figure 2: Average of aerial dry matter from transformed B. brizantha genotypes (1, 2, 3, 4, 5) and wild 
type (wt), in three different Al concentration solutions. 

 
 
A negative correlation was observed between the Al 
increase and dry matter production on aerial part for 
the genotype 1 (-0.01);  2 (-0.97)  and wt (-0.73) and 
from root for the genotypes 1 (-0.43); 2 (-0.97), 3 (-
0.63) and wt (-0.88).Therefore a positive correlation 
was observed on genotype 3 (0.23); 4 (0.69), and 5 
(0.90) for aerial part and genotype 4 (0.23) and  5 
(0.58) for roots, using ANOVA. 

For the wild-type, on 444 µM L-1 Al solution, a 

dry weight reduction of up to 39% for aerial parts and 
50% for root weight was observed. 

In the solutions with no Al (0 µM L-1), the 
highest dry weight was obtained for genotypes 5 and 6 
(Figure 2A), but for root dry weight, genotype 5 
showed an increase in the aerial dry weight in 
comparison to the wild-type (49 % superior) (Figure 
3A).

 

 
**averages with same low letter – among genotypes and, capital letters for treatment, did not differ statistically by 
Tukey test at 5%; 
 
Figure 3:  Root dry matter average production from B. brizantha transformed genotypes (1, 2, 3, 4, 5) and 

wild type (wt), at three Aluminum concentrations. 
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In the solution with 111 µM L-1 Al, higher dry weight 
production was obtained equally for genotypes 3, 4, 5 
and 6, with no differences in comparison to the wild-
type (Figure 2B). While the root dry weight was 
superior for genotype 5 (63 % higher than the wild-
type) followed by genotypes 4 and 6, which did not 
differ statistically (Figure 3B). 

For Al concentrations of 444 µM L-1, the aerial 
dry weight was superior for the genotypes 5 and 4, in 
comparison to the wild-type, 34 % and 9 % 
respectively (Figure 2C). Considering root dry weight, 
genotype 5 was 109 % superior to the wild-type and 
genotypes 3 and 4 did not differ from the wild-type (P 

0.05), as seeing in Figure 3C. 
Higher dry weight production on genotype 1 

was 444 µM L-1 Al, the same as the wild-type genotype 
for aerial and root parts (Figures 2C and 3C). 
Genotype 2 was the only one to show a decrease in 
dry weight production, inferior to the wild-type at all Al 
concentrations. 

Statistically, there were no significant 
variations (Tukey test, at 5%) for aerial dry weight in 
genotypes 3, 4 and 5 (Figure 2) and for root dry weight 
production in genotypes 4 and 5 (Figure 3 and Figure 
4), at all Al concentrations, which indicates tolerance at 
high Al concentrations.  

  
 

                                                                                                                      

                                              

                                          
Figure 4:Aerial and root visualization of the five B. brizantha transformed genotypes (1, 2, 3, 4, 5) and 

wild type (TEST), after 30 days in nutrient solution wadded with aluminum , A = 0 µmol L-1, B = 111 µmol 
L-1, and C = 444 µmol L-1. 
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DISCUSSION 
 
The difference observed in the size of amplification 
products, in comparison to the wild-type, can be 
explained by recombination events, with unknown 
DNA insertion during transgene integration in 
Brachiaria genotypes.  

Petry (2009) found similar results when trying 
to find transformed soybean genotypes and wild-types 
using the chitinase gene chit1 from Metarhizium 
anisopliae. The gene amplification in the wild-type 
comes from endogenous chitinase from soybean.  

According to Minárik et al. (2002) and Miller et 
al. (1998) the malate dehydrogenase (MDH) enzyme is 
important to several metabolic pathways, due to its 
function to catalysis the reversible reduction of 
oxaloacetate to malate. This enzyme is present in 
superior plants in several forms of isozymes, with 
different specificity and cellular location, including the 
chloroplast, the mitochondria and the peroxisome. The 
same isozyme form is also present in different species, 
due to its common origin.  

Kohli et al. (1999) explained that after insertion 
of the transgene in the nucleus, complete integration 
depends upon proteins from vegetal cells evolved in 
the DNA replication, its repair system and 
recombination events. Therefore, exogenous DNA 
integration is still poorly understood and the position 
and locus structure can vary among transformed 
individuals. 

Jackson et al. (2001) observed three patterns 
for transgene integration by biolistic methodology: type 
I – integration of wide segment, repeated in tandem 
(identical sequences); type II- great sequences 
repeated, spaced by DNA sequence and, type II – 
small sequences repeated in tandem, possibly spaced 
by unknown DNA. Urochloa plants are apomitic, 
therefore segregation is not expected in T1 generation. 

Dissolved aluminium (Al3+) can be found at 10 
to 40 µM L-1 in acid soils (pH~4.5). These levels are 
lower when compared to the assay carried out in this 
study. At nutrient solutions normally used by plant 
nutritionists, Al micro-molar concentrations are 
responsible for initial root growth inhibition in about 60 
minutes (De La Fuente et al., 1997). 

The development of the wild-type decreased in 
the presence of Al,  showing a negative correlation 
between Al concentrations and plant development, 
thus corroborating previous studies (Silva et al., 2007; 
Mazzocato et al., 2002; Portaluppi et al., 2010; Wenzl 
et al., 2003) . Tesfaye et al. (2001) found lower dry 
weight content in transformed plants using the same 
gene for transformation, in comparison to the wild-type 
plant, justifying the increase in citrate and malate 
exudation by roots, process that demands high energy 
for the plant cells.  

Tolerance to high aluminium concentrations in 
aerial parts of genotypes 3, 4 and 5 and root parts for 
genotypes 4 and 5 can be found in data published by 
Tesfaye et al. (2001), who verified root elongation and 
biomass increase on transformed genotypes in the 
presence of aluminium.  

Lower Al tolerance, observed in transformed 
genotype 2, is probably due to multiple transgene 
insertion, resulting on transgene silencing and 
therefore, phenotype suppression. How transgene 
integrates physically in plant genome is a mechanism 
still poorly understood. The two major methods for 
plant transformation (Agrobacterium and biolistic) 
generate plants with multiple and rearranged 
transgene copies a tone only physical locus (Lessard 
et al., 2002). According to Matzke et al. (2000), the 
transgene expression is inverse from gene copy 
number, so a high number of copies lead to gene 
silencing mechanisms, contradicting the usually 
expected result.   

A silencing event for the MDH gene resulting 
on less biomass agrees with the results obtained by 
Tomaz et al. (2010), after knockout the mMDH gene 
from Arabdopsis thalianahad plants with noted 
decrease on growth.  
 
 
CONCLUSIONS 
 
Transformed genotypes of Brachiaria brizantha–
neMDH gene presented transgene integration. PCR 
amplification showed a possible unknown DNA 
sequence integration in all transformed genotypes, 
probably by the endogenous MDH gene influence. 

Transformed genotypes 3, 4 and 5 were Al 
tolerant at all Al concentrations, although genotypes 4 
and 5 presented higher aerial dry weight production in 
comparison to the wild-type.  
 
 
ACKNOWLEDGEMENTS 
 
This research was supported by Matsuda Seeds 
grants. We thank FUNDAG, Dr. Vera Maria Quecini for 
the genetic transformation and Dr. Gunta Gutmanis for 
the technical support. 
 
 
REFERENCES 
 
Anoop VM,  Basu U, Mccammon, MT, Mcalister-Henn 

L, Taylor G J (2003) . Modulation of citrate 
metabolism alters aluminum tolerance in yeast and 
transgenic canola overexpressing a mitochondrial 
citrate synthase. Plant Physiol 13: 2205-2217. doi: 
10.1104/pp.103.023903 

De La Fuente JM, Ramírez-Rodríguez V, Cabrera-
Ponce J L, Herrera-Estrella L (1997). Aluminun 
tolerance in transgenic plants by alteration of 
citrate synthesis. Science, 276: 1566-1568. . DOI: 
10.1126/science.276.5318.1566 

Delhaize E, Ryan PR, Hebb DM, Yamamoto Y, Sasaki 
T, Matsumoto H (2004). Engineering high-level 
aluminum tolerance in barley with the ALMT1 
gene. Proceedings of National Academy of 
Science of USA, 101: 15249–15254. 
doi:10.1073/pnas.0406258101 

Doyle JJ, Doyle J L (1987). A rapid DNA isolation 



116    Rocha et al / Greener Journal of Agricultural Sciences    

 

procedure for small quantities of fresh leaf tissue. 
Phytochem Bull 19: 11–15. 

Furlani AMC, Furlani  P R (1988). Composição e pH 
de soluções nutritivas para estudos fisiológicos e 
seleção de plantas em condições nutricionais 
adversas. Boletim técnico, Instituto Agronômico, 
Campinas, 121, 34p. 

Jackson SA, Zhang P, Chen WP, Phillips RL, Friebe B, 
Muthukrishnan S, Gill BS. (2001). High-resolution 
structural analysis of biolistic transgene integration 
into the genome of wheat. Theoretical and Applied  
Genetics 103: 56-62. 
DOI:10.1007/s001220100608 

Kochian LV, Hoekenga OA, Piñeros MA (2004). How 
do crop plants tolerate acid soils? Mechanisms of 
aluminum tolerance and phosphorus efficiency. 
Annu. Rev. Plant Biol  55:  459-93. doi: 
10.1146/annurev.arplant.55.031903.141655 

Kochian, LV (1995). Cellular mechanisms of Al toxicity 
and resistance in plants. Ann Rev Plant Physiol 
Plant Mol Biol 46: 237-260. DOI: 
10.1146/annurev.pp.46.060195.001321 

Kohli A, Gahakwa D, Vain P,  Laurie DA, Christou P 
(1999). Transgene expression in rice engineered 
though particle bombardment: molecular factors 
controlling stable expression and transgene 
silencing. Planta  208: 88-97. DOI: 
10.1007/s004250050538 

Lessard PA, Kulaveerasingam H, York GM,  Strong A, 
Sinskey AJ (2002) Manipulation gene expression 
for the metabolic engineering of plants. Metabolic 
Engineering  4: 67-79. 
Doi:10.1006/mben.2001.0210 

Macedo, MCM (2006). Aspectos Edáficos 
Relacionados com a produção de Brachiaria 
brizantha cultivar Marandu, In: BARBOSA R A 
Morte de pastos de braquiárias. Campo Grande, 
Embrapa Gado de Corte, 35-65. 

Mazzocato ACC, Rocha PSG, Sereno MJCM, Bohnen 
H, Grongo V, Neto J F B ( 2002). Tolerância ao 
alumínio em plântulas de milho. Ciência Rural, 
Santa Maria 32: 19-24. 

McNeilly T (1994) Metal toxicity, In: YEO AR, 
FLOWERS TJ Soil Mineral Stresses: Approaches 
to crop improvement: Monographs on Theoretical 
and Applied Genetics, Springer-Verlag,  Berlin, 21: 
145-74. 

Miller SS, Driscoll BT, Gregerson RG, Gantt JS, Vance 
CP (1998). Alfalfa malate dehydrogenase (MDH): 

molecular cloning and characterization of five 
different forms reveals a unique nodule-enhanced 
MDH. Plant Journal 15(2): 173-184. 
 DOI:10.1046/j.1365-313X.1998.00192 

Minárik, P, Tomásková N, Kollárová M, Antalík M 
(2002). Malate dehydrogenases – structure and 
function. Gen Physiol Biophys 21: 257-265. 
doi:10.1186/1471-2229-13-23 

Panda SK,  Baluska F, Matsumoto H (2009). 
Aluminum stress signaling in plants. Plant 
Signaling & Behavior 4( 7): 592-597. 

Petry, D. T. 2009. Transformação de soja [Glycine 
max (L.) Merril] com plasmídeos e cassetes 
gênicos contendo o gene chit1 de Metarhizium 
anisopliae visando a obtenção de plantas 
resistentes a doenças fúngicas. 65p. Tese 
(Mestrado) – UFRGS. 

Portaluppi R,  Brammer SP, Magalhaes JV, Costa CT, 
Caierao  E, Nascimento Junior A, Silva Junior JP 
(2010). Tolerância de genótipos de cereais de 
inverno ao alumínio em cultivo hidropônico e em 
campo. Pesq agropec bras 45: 178-185. 

Quecini V, Moreti RMR, Duarte KMR, Alcantara VBG, 
Lucena MAC, Colombo CA, Siqueira WJ, 
Alcantara PB (2008). Over-expression of 
tricarboxilic acid metabolism genes in forage crops 
Neonotonia wightii and Brachiaria brizantha leads 
to ectopic root development, In: XXI International 
Grassland Congress, Hohhot. Multifunctional 
Grassland in a Changing World. 2: 389-389. 

Ryan PR, Delhaize E, Randall P J (1995). 
Characterization of Al-stimulated efflux of malate 
from apices of Al-tolerant wheat roots. Planta 196: 
103-110. DOI:10.1007/BF00193223 

Silva JAG, Carvalho FIF, Coimbra JLM, Vieira EA, 
Benin G, Oliveira AC, Finatto T, Bertain I, Silva 
GO, Correa MR (2007). Tolerância ao alumínio em 
cultivares de aveia branca sob cultivo hidropônico. 
Bragantia, Campinas 66(4): 587-593. 

Tesfaye M, Temple SJ, Allan DL, Vance CP, Samac 
DA (2001) Overexpression of malate 
dehydrogenase in transgenic alfalfa enhances 
organic acid synthesis and confers tolerance to 
aluminum. Plant Physiol 127: 1836-44. DOI: 
10.3410/f.1003449.36154 

Wenzl P, Mancilla LI, Mayer J E,  Albert R, Rao IM ( 
2003). Simulating infertile acid soils with nutrient 
solutions: the effects on Brachiaria species. Soil 
Sci Soc Am Jour 67: 1457-1469.

 
 
 

Cite this Article: Rocha F, Duarte KMR, Gomes LH, Waldssimiller TM, Simone PL, Alcantara PB, 2014. Introduction of the 
neMDH gene in Urochloa brizantha for Aluminium Tolerance in Agronomic Assays. Greener Journal of Agricultural Sciences. 
4(4):110-116, http://dx.doi.org/10.15580/GJAS.2014.4.012314055. 

  


