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The size of seeds and organs is coor-
dinately determined by cell pro-

liferation and cell expansion, but the 
mechanisms that set final seed and organ 
size are largely unknown in plants. In a 
recent study, we have demonstrated that 
the plant specific G protein γ subunit 
(AGG3) promotes seed and organ growth 
by increasing the period of proliferative 
growth in Arabidopsis. AGG3 is local-
ized in plasma membrane and interacts 
with the G protein β subunit (AGB1). 
Homologs of AGG3 in rice (GS3 and 
DEP1/qPE9-1) have been identified as 
important quantitative trait loci for seed 
size and yield. However, rice GS3 and 
DEP1 influence seed and organ growth 
by restricting cell proliferation. Here, we 
discuss the possible molecular mecha-
nisms by which Arabidopsis AGG3 and 
its rice homologs GS3 and DEP1 control 
seed and organ size.

G protein signaling is involved in a variety 
of growth and developmental processes 
in plants and animals.1,2 Heterotrimeric 
G-proteins consisting of Gα, Gβ, and 
Gγ subunits are signal transducers in all 
metazoans. G protein-coupled pathways 
transmit a signal, via a membrane-bound 
receptor and heterotrimeric G proteins, 
to downstream enzymes known as effec-
tors.3 Mammals possess 17 Gα, five Gβ, 
and 12 Gγ genes,4 while the Arabidopsis 
genome contains one G protein α sub-
unit (GPA1), one G protein β subunit 
(AGB1), and three G protein γ subunit 
(AGG) genes.1,5,6 Thus, plants have a sim-
ple repertoire of canonical heterotrimeric 
G-protein complexes despite what their 
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possible involvement is in many signal 
pathways.

Mutations in Arabidopsis GPA1 or 
AGB1 caused defects in plant growth 
and development,7,8 whereas mutations in 
Arabidopsis AGG1 or AGG2 did not obvi-
ously affect organ growth.9 An atypical 
heterotrimeric G-protein γ-subunit AGG3 
was recently identified by BLAST searches 
using AGG1 and AGG2 as queries.5 
AGG3 has been proposed to be involved 
in guard cell K+ channel regulation and 
ABA responses in Arabidopsis.5 In a recent 
study, we discovered a role of Arabidopsis 
AGG3 in seed and organ size control 
through a genetic screen for mutations 
that reduced seed and organ size.6 Loss-of-
function mutations in AGG3 caused small 
seeds and organs, whereas overexpression 
of AGG3 significantly increased seed and 
organ size of wild-type plants,6 indicat-
ing that AGG3 is an important regulator 
of seed and organ size. Our results fur-
ther indicate that AGG3 controls organ 
size by increasing the duration of prolif-
erative growth.6 AGG3 interacts with the 
Arabidopsis G protein β subunit AGB1 
in yeast,5 although their interactions in 
planta remain to be proved. Our genetic 
analyses also show that the role of AGG3 
in organ size control is dependent on func-
tional GPA1 and AGB1.6 The N-terminal 
region of AGG3 shares similarity with 
AGG1 and AGG2, and interacts with 
AGB1.5 Interestingly, the N-terminal 
region of AGG3 showed higher affinity 
for AGB1 than either AGG1 or AGG2,5 
suggesting that the Gβ1γ3 might exist 
in Arabidopsis cells more frequently than 
Gβ1γ1 or Gβ1γ2 dimer, and AGG3 
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does not encode any obvious candidate 
for an RGS protein (regulator of G pro-
tein signaling), while there is a single RGS 
protein in Arabidopsis,4 suggesting that 
divergent functions of AGG3 and its rice 
homologs might be due to the absence of 
RGS in rice. Therefore, further identifi-
cation of their upstream regulators and 
downstream targets will help understand 
why Arabidopsis AGG3 and its rice homo-
logs have distinct functions in seed and 
organ size control.
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by the dep1 allele is a truncated protein 
containing the N-terminal region and the 
predicted transmembrane domain, but 
lacking most of the C-terminal region.15,16 
DEP1 shares significant similarity with 
GS3,6,16 suggesting that DEP1 and GS3 
might have overlapped functions. Thus, it 
is reasonable to assume that the C-terminal 
region of DEP1 might also inhibit the 
function of the N-terminal region in seed 
and organ size control. Further identi-
fication and characterization of the null 
allele will help understand the role of the 
wild-type DEP1. Transient expression of 
the DEP1/qPE9-1-GFP fusion protein 
in rice protoplasts was shown to locate 
in the membrane,15 whereas GFP signals 
were observed in the nuclei in DEP1/
qPE9-1-GFP transgenic rice plants.16 Both 
GS3 and DEP1 contain the predicted 
transmembrane domains,6,13,15,17 suggest-
ing that GS3 and DEP1 are most likely 
localized in the plasma membrane. It is 
still possible that subcellular localization 
of GS3 and DEP1 might be related to cell 
types or growth conditions.

The AGG3 has a γ-like region in its 
N-terminus, which has a remote overall 
similarity to the OSR domain of GS3 or 
the N-terminal region of DEP1/qPE9-1.5,6 
The N-terminuses of GS3 and DEP1 also 
possess several conserved residues that are 
critical for Gβ binding,5 suggesting that 
GS3 and DEP1 could interact with the 
rice G protein β subunit RGB1. RGB1 
knock-down lines produced small seeds,18 
indicating that RGB1 is a positive regula-
tor of seed size. However, GS3 and DEP1 
are negative factors of seed size control, 
suggesting that GS3 and DEP1 might 
repress the function of RGB1 in seed 
growth. It is possible that GS3 and DEP1 
might compete with RGG1 and RGG2 
for RGB1 binding, resulting in decreased 
Gβ1γ1 and Gβ1γ2 signaling. It will be 
interesting to determine whether GS3 and 
DEP1 function as G-protein γ subunits to 
interact with RGB1.

Plant heterotrimeric G proteins are 
associated with large complexes: a 400 
kDa complex in rice19 and a 700 kDa 
complex in Arabidopsis.20 The divergent 
functions of AGG3 and its rice homo-
logs GS3 and DEP1 might be related to 
their regulators or effectors in these large 
complexes. Interestingly, the rice genome 

might play a predominant role in seed and 
organ size control. Consistent with this, 
agg3 mutants exhibited stronger seed and 
organ size phenotypes than agg1 and agg2 
mutants.6,10

The localization of G proteins to the 
cytoplasmic face of plasma membrane is 
important for their signal function in ani-
mal cells.11 Arabidopsis AGB1 is localized 
to the cytoplasmic face of plasma mem-
brane by interacting with Gγ subunits.12 
Arabidopsis AGG3 contains a transmem-
brane domain and two putative CaaX 
motifs that are potential targets for pro-
tein prenylation and S-acylation, which 
serve as an important signal to target pro-
teins to the plasma membrane.5,6,12 The 
GFP-AGG3 fusion protein is localized to 
the plasma membrane.5,6 Protein domain 
analysis shows that the transmembrane 
domain and the putative CaaX motifs 
jointly affect the plasma membrane local-
ization of AGG3.6 The transmembrane 
domain might play a predominant role 
in the regulation of AGG3 subcellular 
localization.6

Arabidopsis AGG3 shares significant 
similarity with rice GRAIN SIZE 3 (GS3) 
and DENSE AND ERECT PANICLE 1 
(DEP1/qPE9-1).6,13-17 However, rice 
GS3 was identified as a negative regula-
tor of grain length and weight, and loss 
of GS3 function resulted in large seeds 
with more cells.13,14,17 Interestingly, the 
N-terminal OSR (organ size regulation) 
domain is both necessary and sufficient 
to repress seed size in rice.17 By contrast, 
the N-terminal region or the C-terminal 
fragment of AGG3 could not promote 
seed and organ growth in Arabidopsis.6 
A recent report has found a new allele in 
the GS3 gene, resulting in a truncated pro-
tein containing the N-terminal region and 
the putative transmembrane domain, but 
lacking most of the C-terminal domains.17 
A rice varity (Chuan 7) with this mutation 
produced super short seeds.17 Thus, the 
C-terminal domains of GS3 has been pro-
posed to have an inhibitory effect on the 
function of the N-terminal OSR domain.17 
The DEP1 QTL is responsible for erect 
panicle, high seed number per panicle and 
dense panicle. The gain-of-function allele 
(dep1) increased seed yield,16 although 
the dep1 allele formed small seeds and 
organs.15,16 The mutant protein encoded 
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