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Abstract Plant taken up from the soil have two inorganic forms, ammonium ion(NH4+) and nitrate ion(NO3-), but rice grows in 

flooded paddy fields and takes up ammonium as the preferred nitrogen (N) source. Ammonium uptake is predominantly mediated by 

ammonium transporters in the plasm membrane. Ammonium transporter genes (AMTs) have been cloned and identified in many 

organisms. So far, total 12 AMT proteins identified in rice, containing 10~11 transmembrane domains, except OsAMT4 and 

OsAMT5.2. In this review, we summarized the gene expression and regulation of ammonium transporters under different nitrogen 

conditions. Effective NH4+ uptake can provide a favorable protection for improving of agricultural production. 
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Background 
Nitrogen is one of the essential macronutrient for rice 
growth and one of the main factors to be considered 
for developing, a high-yielding rice cultivar and taken 
up ammonium as their preferred N source, and also 
ammonium tolerance. Rice grown in paddy field 
predominantly utilizes ammonium during most of the 
growing period. The first step in nitrogen assimilation 
is the uptake nitrate and ammonium into root cells 
from the soil solution. Root uptake of nitrate can be 
stored in the root cell vacuoles or through the xylem 
to the shoot, also can be reduced to nitrite by nitrate 
reductase, then enter the plastid reduced to ammonia 
ion by nitrite reductase, rapid assimilated into amide 
residue of glutamine by the couple reaction of 
glutamine synthetase and glutamate synthase. But 
ammonium is important from the external environment, 
including both the rhizosphere and atmosphere via 
ammonium transporters in the plasm membrane of the 
root cells and leaf cells. Ammonium entering the cell 
is assimilated either in the cytoplasm via glutamine 
synthetaseor in the plastids and possibly mitochondria 
following transport into these organelles, and 
ammonium may also enter the vacuole where it is 
stored temporarily. Ammonium can also be generated 
from N2 by root nodule cells. Most of this ammonium 

is transferred to the plant cytoplasm where it is 
assimilated into glutamine by GS/GOGAT cycle for 
plant growth. Since ammonium assimilation requires 
less energy than that of nitrate, ammonium is the 
preferential form of nitrogen uptake when plants are 
subjected to nitrogen deficiency. Using positron- 
emitting 13N-labeled ammonium (13NH4

+) to monitor 
the movement from root to shoot in rice plant, the 
plant was cultured under normal conditions, 13NH4

+ 
supplied to roots was taken up, and nitrogen deficiency 
enhanced 13N translocation, this suggested ammonium 
assimilation actively on ammonium transporters or 
glutamine synthetases (Kiyomiya et al., 2001). 

Ammonium uptake is predominantly mediated by 
ammonium transport systems at the root plasma 
membrane: a high-affinity transport system (HATS) 
and a low-affinity transport system (LATS), and 
constitute a multi-gene family, have been isolated 
in several plant speciesFingure.1.Phylogenetic tree 
analysis of the ammonium transporter genes cloned in 
plant species (Figure 1) (Luo and Liu, 2009), 
including Arabidopsis thaliana (AtAMT1;1-AtAMT1;5, 
AtAMT2) (Kaiser et al., 2002; Sohlenkamp et al., 
2002), Oryza sativa (OsAMT1;1-OsAMT1;4, OsAMT2; 
1-OsAMT2;3, OsAMT3;1-OsAMT3;3, OsAMT4 and 
OsAMT5) (Suenaga et al., 2003; Sonoda et al., 2003a), 
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Lycopersicon  esculentum (LeAMT1;1-LeAMT1;3, 
LeAMT2) (Lauter et al., 1996; Von Wiren et al., 2000); 
Triticum aestivum (TaAMT1;1-TaAMT1;3, TaAMT2; 
1) (Jahn et al., 2004); Lotus japonicas (LjAMT1;1, 
LjAMT2;1) (Salvemini et al., 2001; Simon-Rosin et al., 
2003); Brassica napus (BnAMT1;2) (Pearson et al., 
2002). These results show that the ammonium 
transporter genes are widely exist in many plants 
which not only uptake of ammonium ion under a wide 
concentration range, may also plays different effect of 
regulation in the specificity tissue or organ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Phylogenetic tree analysis of the ammonium 
transporter genes cloned in plant species (Luo and Liu, 2009) 

1 The AMT family of ammonium transporters 
in plants 
The first ammonium transporter AtAMT1.1 was 
isolated from the model plant Arabidopsis thaliana by 
growth complementation of a yeast mutant defective 
ammonium uptake (Ninnemann et al., 1994), encodes 
a high-affinity transporter and energy-dependent with 
a Km value of <0.5µM, belong to AMT subfamily and 
is expressed in roots and shoot (Gazzarrini et al.,  

1999). The low affinity system is non-saturable with a 
Km in the millimolar concentration range (D'Apuzzo 
et al., 2004), like AtAMT2 was sequence-wise more 
closely related to the ammonium transporters Mep1, 2 
and 3 from Saccharomyces cerevisiaeand with AmtB 
from E. coli, forming, together with other prokaryotic 
homologues, the MEP subfamily (Ludewig et al., 
2001). So far, the third set of homologous sequences 
does not contain any plant protein, mainly includes 
human and animal Rheus blood group antigens, thus 
forming the Rh subfamily of ammonium transporters. 
With the genome sequencing of the graminaceous 
model plant rice, so far, twelve putative OsAMT genes 
were identified, listed in Table 1 (Li et al., 2009a), Of 
these genes, 10 were previously identified by Suenaga 
et al and subdivide into four clades, OsAMT1 to 
OsAMT4. The amino acid sequences of the 
OsAMT1;1, OsAMT1;2 andOsAMT1;3 share high 
sequence similarity to each other  and are very 
dissimilar to the other OsAMT families. The 
phylogenetic analysis showed that they could be 
divided into two subfamilies, AMT1 and AMT2. 
Except for the family OsAMT4 which contain only 
one member OsAMT4.1, each of the three families 
contain three members, OsAMT1 (OsAMT1.1, 
OsAMT1.2, OsAMT1.3), OsAMT2 (OsAMT2.1, 
OsAMT2.2, OsAMT2.3), OsAMT3 (OsAMT3.1, 
OsAMT3.2, OsAMT3.3). At present the OsAMT5.1 
also identified (Deng et al., 2007). The 12 AMT genes 
distribute on rice chromosomes 1 to 5, 11 and 12. 
Chromosomes 1 and 2 contained three genes each, 
chromosome 3 contained two genes, and 
chromosomes 4, 5, 11 and 12 contained one gene each, 
and have 10~11 transmembrane regions with an 
extracellular N-terminus and an intracellular C- 
terminus. 

2 The functional and expression of ammonium 
transporters 
Using heterologous expression in yeast to determine 
whether the protein encodes a functional ammonium 
transporter or not. The yeast strain 31019b is deleted 
in three endogenous ammonium transporter genes 
(MEP1, MEP2, MEP3) and unable to grow on 
medium containing less than 5 mmol/L NH4

+ as the 
sole nitrogen source. The results obviously shown that  
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Table 1 List of predicted AMT genes in rice (Li et al., 2009b) 

Gene name Locus identifier  

in TIGR 

Chromosome Accesion No.  

in NCBI 

Protein 

(aa) 

Site of AMT 

motifs (bp) 

(Hits by PS01219) 

No. of trans- 

membrane regions

OsAMT1.1 LOC_Os04g43070 4 AF289477, 
NM_001059815, 
XM_473131 

498 191~216 11 (N-out) 

OsAMT1.2 LOC_Os02g43710 2 AF289478, 
NM_001053990 

498 193~218 11 (N-out) 

OsAMT1.3 LOC_Os02g40730 2 AF289478, 
NM_001053991 

496 191~216 11 (N-out) 

OsAMT2.1 LOC_Os05g39240 5 NM_001062336, 
AB051864 

486 187~212 11 (N-out) 

OsAMT2.2 LOC_Os01g61510 1 NM_190445 498 196~221 11 (N-out) 
OsAMT2.3 LOC_Os01g61550 1 NM_001051237 502 200~225 11 (N-out) 
OsAMT3.1 LOC_Os01g65000 1 NM_001051467, 

AB083582 
498 203~228 11 (N-out) 

OsAMT3.2 LOC_Os03g62200 3 NM_001058371 480 None 11 (N-out) 
OsAMT3.3 LOC_Os02g34580 2 NM_001053632 481 195~220 11 (N-out) 
OsAMT4 LOC_Os03g53780 3 AC091811 300 None 4 (N-out) 
OsAMT5.1 LOC_Os12g01420 12 NC_008405 459 None 10 or 11 (N-out) 
OsAMT5.2 LOC_Os11g01410 11 NC_008404 327 None 8 (N-out) 

OsAMT1.1, OsAMT1.2, OsAMT2.1 and OsAMT5.1 
all function domains as ammonium transporters 
(Suenaga et al., 2003; Deng et al., 2007). Studies on 
expression and regulations of ammonium transporter 
genes in rice have been focused on the three genes of 
OsAMT1 family, displayed different expression 
patterns in response to change in N levels. Northern 
blot analysis showed a distinct expression pattern for 
the three genes; OsAMT1.1 expression was 
constitutive in shoots and promoted by ammonium in 
roots; OsAMT1.2 expression was root-specific and 
ammonium-inducible; OsAMT1.3 was also expressed 
specifically in roots but was repressed by nitrogen, but 
expression levels of OsAMT1; 3 were quite low. 
Over-expression of plant membrane transporters have 
previously been used to determine whether they are 
the rate limiting factors in mineral uptake and 
compartmentalization. So over-expression of the 
OsAMT1.1 can increases ammonium uptake and 
content, but impairs growth and development of plants 
under high ammonium nutrition (Hoque et al., 2006). 
In situ mRNA detection revealed that OsAMT1;2 is 
expressed in the central cylinder and cell surface of 
root tips (Sonoda et al., 2003a). Thus, OsAMT1.2 may 
be involved in two functions, which are ammonium 
uptake from the soil solution and the uptake and 
retrieval of ammonium in the vascular system. Also,  

point mutant of OsAMT1.2 by using gene splicing by 
overlap extension method that anticipant mutant genes 
were obtained (Li et al., 2009b), which is significant 
to study structurally and functional characteristic of 
gene for ammonium transporters in rice.  

In higher plant, few reported about the genes of 
AMT2 family, most members of the AMT2 family are 
low-affinity transporter. In fact, AMT2 is distantly 
related to plant AMT1, but more closely related to 
ammonium transporters from prokaryotes. It is unable 
to transport ammonium analogue, methylamine. In 
rice, AMT2 subfamily genes were up regulated by 
nitrogen deprivation. Nitrogen conditions regulate 
AMT2 gene transcripts differently. The OsAMT2;1 
encoded a functional ammonium transporter which 
was being constitutively expressed in roots and 
shoots irrespective of the nitrogen supply (Suenaga et 
al., 2003). OsAMT2.2 genes were detectable both in 
root and shoot by real-time quantitative pcr (Li and 
Shi, 2006), and expressed highly in short time after 
transfer to various nitrogen from no nitrogen nutrition, 
and then were regulated feedback, but had no distinct 
difference between the root and shoot. Other members 
of function and expression have not been reported. So 
in future work, AMT2 family study should be 
comprehensive explanation, in spite of homology, 
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molecular structure and expression characteristics 
among the two families have obvious differences, but 
they are play an important role in ammonium uptake, 
it will be effective utilization of nitrogen for plant. 

3 Glutamine synthetase plays an important 
role involved in ammonium assimilation 
Nitrogen assimilation plays an important role in the 
growth  and development of plants.  The first 
enzymes involved in ammonium assimilation are 
glutamine synthetase (GS). The expression of 
OsAMT1 are closely relation to the endogenesis 
glutamate, the ammonium effect were prevented by 
methionine sulfoximine, an inhibitor of glutamine 
synthetase. Moreover, glutamine rather than 
ammonium controls the expression of ammonium 
transporter genes in rice (Sonoda et al., 2003b). Most 
of the NH4

+ taken up by the roots can be assimilated 
within the roots. There are two glutamine synthetases 
in rice, GS1 and GS2, GS1 is important for normal 
growth and development and GS2 for the 
photorespiratory metabolism of N in chloroplasts. 
Specifically OsGS1.1 is critical for normal growth and 
grain filling. Using mutant lacking OsGS1.1 show that 
this enzyme is control the global metabolic network 
when plant growing under the ammonium as the 
nitrogen source (Kusano et al., 2011) and 
NADH-GOGAT1 is important for primary ammonium 
assimilation in roots at the seedling stage (Tamura et 
al., 2010). GS-over-expression in rice plant may be 
functioning in vegetative growth; higher GS activities 
increased the plant metabolic level and may accelerate 
plant growth, which could accelerate the leaf 
senescence, break the nitrogen compounds 
translocation and re-assimilation in the plant 
developmental stages (Cai et al., 2009). 

4 Future prospects 
Nitrogen utilization within rice plants followed by 
NH4

+ uptake and assimilation in the roots is a complex 
process that depends on many factors during the 
growth and development of plants. Of course, a 
number of activity genes and enzymes will be 
involved in the nitrogen utilization process, in many 
cases, the expression of each gene is regulated in a 
cell type, but current knowledge is limited. Reverse 
genetics is a powerful approach to obtain conclusive 
evidence on the function of the corresponding gene 

products, also enzymes involved in metabolic of 
nitrogen assimilation pathway can be characterized by 
reverse genetics. But now it is very difficult to 
identify target genes that are involved in regulation, 
unlike enzymes in metabolic pathway, so an approach 
of quantitative trait loci (QTLs) analysis could be one 
way to isolate regulatory genes. So in rice, the effect 
of QTLs was the further research to confirmed target 
genes controlling uptake, assimilation, and 
metabolism of nitrogen, as well as nitrogen use 
efficiency.  
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