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Locus for Malate Secretion in Rice Chromosome 3

Miftahudinl*, lrfan Martiansyahl, Dewi Indriyani Roslim2, Tatik Chikmawatil

7 Department of Biology, Faculty of Mathematics and Natural Sciences, Bogor Agricultural University, Karnpus
I PB Darmaga, Bogor-lndonesia

2Department of Biology, Faculty of Mathematics and Natura! Sciences, IJniversiy of Riau Pekanbaru, Riau
"Conesponding author: miftahudinm@yahoo.com

Abstract

Aluminum (Al) toxicity is a major limiting factor of rice production in acid soil. One of the tolerance mechanisms
of plant to Al stress is the secretion of malate from plant root. The objective of this research is to identifiy
quantitative triat loci (QTL) in chromosome 3 that controls malate secretion from rice root during the period of Al
stress. The research was conducted in laboratory and green house. An F2 population derived from the cross
between rice genotype Hawara Bunar and cultivar lR64 was used in this experiment. Analysis malate secretion
was carried out based on enzymatic method. Rice simple sequence repeats from chromosome 3 were as
moelcular marker. The mapping and QTL anaysis was performed using Mapmaker 3 and Mapmaker/QTL. The
result showed that the malate secretion trait was normally distributed in the rice F2 population indicating that he
trait is polygenic trait. A QTL for malate secretion was identified in the short arm of rice chromosome 3 located in
between markers RM545 and RM517.

Keyl rcrds: Aluminum stress, Chromosome 3, Rice, QTL

lntroduction

In general, aluminum tolerance in plant is genetically controlled, and the diversity of this
trait can be found inter and intra plant species, including the member of Gramineae (Aniol and
Gustafson 1990). Aluminum tolerance mechanism in plant can be divided into two models (Kochian
1995, Matsumoto 2000). First, internal detoxification mechanism, which is the mechanism of plant
cells that are able to detoxifo Al in the cell through organic acid chelation (Ma et 1998), vacuolar
accumulation, protein detoxification, or reactive oxigen species reduction in the root cells (Ezaki et
al 2000). fnternal detoxification mechanism can also be achieved through activation of calmodulin-
independent NAD' kinase (Aniol, 1991).

In the second model, Al is excluded from root tip cells through excluding Al accors plasma
membrane, increasing rhizosfeer pH, producing exudate or secreting organic acid (Taylor 1991,
Kochian 1995). Among those external mechanisms, organic acid secretion from root cells, such
malate, citrate and oxalate, has been the most accepted mechanism. Organic acid secretion has
important role in Al tolerance mechanism in wheat, rye and maize (Ryan et al 1995, Li etal 2002,
Pellet et al 1995), however the similar role has not been elucidated in rice.

Several researchers have shown that organic acid secretion closely related to Al tolerance
mechanis. However, the main factor that controlled organic acid secretion from root cells during Al
stress still unclear. The recent finding showed that over expression of malate transporter gene that
isolate from wheat could increase Al tolerance in transgenic tobacco, but the gene could not
increase Al tolerance in rice (Sasaki et al 2004).

This paper reported our research in identifying locus for malate secretion trait in rice using
an F2 population derived from a cross between an lndonesian local rice genotype that tolerant to Al
and a rice variety lR64 that sensitive to Al. lt is expected that the locus can be used to isolate the
gene controlling malate secretion in rice.
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Materials and Method

Plant Materials
Rice genotype Hawara Bunar (Al-tolerant parent) and cultivar lR64 (Al-sensitive parent),

F1 plants and F2 population derived from a cross between Hawara Bunar and lR64 were used in

this research'

Nutrient culture technique for alumininum stress treatment
A simple hydrophonic technique was used to grow rice seedlings. Seeds were sterilized

and soak in destilate water for 24 hours, and followed by germination for 48 hours. The seedlings

with homogenous root length were put in sterofoamfloated on sterile minimal nutrient solution

(Miftahudin et al.2004) at pH 4.0 in 15 ml tube. A 15 ppm of Al in the form of AlClg.6HzO was

adminitered fro 24 hours. The seedlings were grown at room temperature in growth chamber with

12 hours light PhotoPeriod.

Determination of malate secretion
Malate secretion was determined from Fl plants, 400 individual F2 population and both

parents, Determination of malate secretion followed procedure as described by Delhaize et al.

(1S3). A 1.35 ml nutrient solution was sampled from each tube and was added with 1.5 mlbuffer

solution (0.4 M hydrazine and 0.5 M glycine, pH 9) and 0.1 ml40 mM NAD. The reaction mixtures

were thenincubated at room temperaturefor 30-60 min. The absorbance of the mixture was

measured using spectrophotometer at A =340 nm (absorbance 1). The mixture was then added with

5 pL Malate Dehidrogenase (5 mg/mL, Sigma, USA), and the absorbance 2 was then
measured.The difference between absorbance 1 and 2 indicated the amount of NADH produced

and was used to calculate malate content of the solution as the following equation:
V x M

x  A A
e x d x  v x 1 0 0 0

Notes: C = Malate concentration (mg/l)
V = Volume Total (ml)
y = Sample Volume (ml)
M = MolecularWeight of Malaie (g/mol)

d = Cuvette width (cm)
e = Absorption coefficientof NADH at A 340 nm = 6.3 (limmol.cm)
AA = the difference between absorbance 1 dan2

Moelcular marker analysis
The polymorphic SSR markers from rice chromosome 3 were applied to 300 individuals F2

population. The primers from those markers were used to amplify DNA. A 50 ul PCR reaction
mixture consist of100 ng DNA, 100 mM Tris-Cl pH 8.0, 50 mM KCl, 2 mM MgClz, 0.2 mM dNTPs,
0.3-0.5 ul/ t iap primer, and 1 U Taq DNA polimerase (NEB, USA) was made for each individual
plant. PCR process were performed using thermocycler with the following condition: 1 cycle of
94oC for 5 minutes followed by temperature cycles of94oC (35 second), 55oC (35 second), and 72oC
(1 minutes, 45 second) for 35 cycles and finally one cycle of 72oC for 10 minutes . PCR products
were analyzed using 2.5 - 3.Ao/o superfine agarose gel electrophoresis in 0.5 x TBE (Tris-Borate-
EDTA) buffer.

Q =
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Distribution of Malate Secretion in F2 Population

Analysis of malate secretion in 400 individual F2 population showed normal distribution
/Fiqure 2), which indicated that malate secretion character was multigenic controlled. lt can be

lejn from the Figure 2 that the distribution curve rather skewed to the right and the secretion class

falled to higher value than that both parents. This is suggested transgresive segregation
phenomenon in this population. The average malate secretion of F2 population was also higher
ihan that of Hawara Bunar.

When the malate secretion was grouped into two class of secretion based on the range of

each parent malate secretion, malale scretion in F2 population followed monogenic inharitance.
For individual F2 that secreted malate < 3 ppm, it was grouped into Al-sensitive plants, otherwise
the plants were grouped into Al-tolerant plants. The Chi square test showed that the segregation fit
to 3:1 ratio for Al-tolerant to Al-sensitive plants (Tablel ).

Figure 2. Dishibution of malate secretion among individual F2 population.

Table 1. Chi square test for monogenic inharitance pattern of malate secretion in F2 population

Chi test

< 3.0

> 3 .0

0 .15

285

Locus for malate secretion in rice chromosome 3

Analysis of genetic factor controlling malate secretion trait in rice was performed into two
approaches. First, malate secretion trait was treated as polygenic trait based on the normal
distribution of malate secretion in the F2 population, and second, malate secretion trait was treated
as monogenic trait. The result showed that among the three chromosome that habe been
analyzed, which were chromosome 'l ,2 and 3, the locus for malate secretion trait was only possibly
found om chromosome 3. QTL analysis based on poygenic trait indicated the presence of the QTL
in the short arm of chromosome 3 in the region between markers RM%$% and RM517. However,
the LOD score in that region maximum only 0.98, which was not enough to conclude that the QTL
present in that region.

When analysis was performed based on monogenic trait, it was found that a locus for
malate secretion trait present in the region with LOD 3.02. Genetic map of the rice chromosome 3
that harbored the locus for malate secretion trait contained five markers i.e. RM569, RMils,
RM517, RM251, and RM232 with the total distance 131.8 cM (Figure 3). The locus for malate
secretion trait was located in between marker RM545 and RM517 with the exact position at 4 cM
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Genetic mapping and QTL identification
Segregation analysis of molecular marker in the F2 population was performed using g6i

Sguaretest pada cr = 0.05. Genetic linkage and QTL analyses usedMAPMAKERS/EXP ver 3.0
andMAPMAKERS/QTL ver 1.1, respectively.

Results and Discussion

Malate secretion in parent plants under Al stress
Malate secretion was analyzed fiom nutrient culture media that has bee used for growing

F1, FZ and both parent seedling under 72 hours Al stress. The result showed that the malate
secretion was higher when the seedlings were Al stressed and the secretion increse as the period
of stress increase (Figure 1 and 2). The Al stress at thelevel of 15 ppm could differentiate malate
secretion level from both parents. ln rice cv 1R64, although malate secretion increase as the
increase of stress period, there was no significant difference between malate scretion at 0 and 15
ppm of Al stress along the 72 hour period of stress. Conversely, there wassignificant difference ot
malate secretion along the 72 hours stress period between 0 and 15 ppm Al stressin Hawara
Bunar.The significant increase of malate secretion occuned when the seedlings were Al-stressed at
15 ppm at 72 hours. Therefore, the Al stress level of 15 ppm for 72 hour stress duration was used
for phenotyping the F2 population. The result also showed that the average malate secretion from
f R64, Hawara Buanr, F1 and F2 plants were 2.2,3.8, 3.1 and 4.1 ppm, respectively.

Figure 1. Malate secretion from, rice root cv lR64 (a) and Hawara Bunar (b) along the 72 hour period of Al
stress.
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from RM517 toward RM545. The result of this research was similar to Nguyen et al (2001) ye6
found QTL position for Al tolerance loci in the short arm of rice chromoso1" 9, but the position ;grather shifted to other region of the short arm. This difference was due to the different fic;
background used in both experiments.

RM569

43.1

14.5

38.1

36.1

RM545

RM517 
! tro*t'

RM251

RM232

Figure 3. Genetic map of malate secretion locus in rice chromosome 3.

Conclussion -

Rice secreted malate during the period of aluminum stress. Al tolerant rice genotype
secreted malate more than that of Al-sensitive rice genotype. The secretion increased as ihe
duration of stress increase. There was a locus controlling malate secretion located in the short arm
of rice chromosome 3.
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