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Arabidopsis has Aux/IAA proteins that lack domain II which 
is a binding site for the TIR1 auxin receptor. These proteins have 
been shown to be more stable than the canonical Aux/IAA proteins. 
We investigated the phenotypes of overexpression lines of domain 
II-less Aux/IAA proteins, IAA20 and IAA30, by the use of 35S 
promoter. The transgenic lines showed many aberrant phenotypes 
in auxin physiology. The most conspicuous phenotype was collapse 
of the root apical meristem as occurred in plt1 plt2 double mutants. 
Because IAA20 and IAA30 were early auxin-inducible and were 
expressed in the root apical meristem, they may have a physiolog-
ical role in maintaining the stem cell niche of root, by keeping the 
activity of MP/ARF5 and NPH4/ARF7 at an acceptable level. On 
the other hand, domain-II less Aux/IAA proteins are not present in 
balck cottonwood tree or grapevine, suggesting wide diversification 
of Aux/IAA proteins in higher plants.

Aux/IAA genes play a pivotal role in auxin signal transduction 
since their products have been shown to be a direct target of the 
auxin F-box receptors including TIR1, which are components 
of SCF ubiquitin ligase E3 complexes.1,2 TIR1 binds the degron 
sequence of Aux/IAA proteins3 that is conserved in most of them 
and is called domain II since their finding. Importance of domain 
II is apparent because amino acid substitutions in its core sequence 
cause dominant mutations, which are supposed to occur due to accu-
mulation of the mutated protein. However, 5 of the 29 Arabidopsis 
Aux/IAA proteins such as IAA20 and IAA30, lack domain II. 
Another Aux/IAA protein, IAA31, has a G-to-D substitution in the 
degron sequence, which is similar to a G-to-E substitution in a domi-
nant mutation of an Aux/IAA gene, iaa3/shy2.4 Consistent with these 
characteristics of domain II, IAA20 and IAA31 have been shown to 
be long-lived compared to the canonical IAA17 protein.5

Because the physiological role of these noncanonical Aux/
IAA proteins is unknown, we made transgenic Arabidopsis lines 

overexpressing IAA20, IAA30 or IAA31 cDNA by means of 35S 
promoter, and investigated their phenotype. The three gene products 
are most related each other in amino acid sequence and form a single 
clade in the Arabidopsis Aux/IAA proteins.6 Each overexpression line 
(OX) showed qualitatively similar defects in auxin physiology, with 
IAA20 OX being the most severely affected. IAA20 OX showed low 
fecundity, low germination rate, short and agravitropic hypocotyls 
and shoots, agravitropic roots and defects in formation of vascula-
ture. Most interestingly, growth of the primary roots was arrested 
soon after germination due to collapse of the root apical meristem 
(RAM). Lateral roots were formed and grew with fewer occasions 
of collapse than the primary roots. We also found that IAA20 and 
IAA30 were early auxin inducible, but IAA31 was not induced by 
auxin. The collapse of RAM observed in the OXs is similar to that 
in plt1 plt2 double mutants.7 PLTs encode AP2-class transcription 
factors, and are late auxin-inducible through the function of ARF5/
MP and ARF7/NPH4. They act to establish the stem cell niche of 
root, and are essential for the root stem cell activity.7,8 Therefore, 
accumulated IAA20 proteins may inhibit these ARFs, which would 
result in repression of PLT expression and ultimately bring about 
severe reduction of meristematic activity in roots of OX.

Recently IAA30 has been shown to be specifically expressed in the 
quiescent center cells (QC) of RAM. IAA20 is also expressed in the 
columella root cap and QC, but IAA31 was expressed at a low level 
without specificity in RAM.9 Using IAA20 or IAA30 promoter-GUS 
reporter genes, we also confirmed the expression of both genes in 
QC and the columella root cap (unpublished data). On the other 
hand, MP activity, through which PLTs are transcribed, is regu-
lated through twin canonical Aux/IAA proteins, IAA12/BDL and 
IAA13 in RAM formation during embryogenesis.10,11 Therefore, we 
propose an auxin signaling pathway that acts to maintain the stem 
cell niche of root as shown in Figure 1. Because IAA20 and IAA30 
do not contain domain II, they should not act directly downstream 
of TIR1. Furthermore, we postulate that they are auxin-inducible 
through the function of MP and NPH4. Then, what is the role 
of IAA20 and IAA30, which can not interact with the TIR1 auxin 
receptor? Ectopic expression of PLT in the embryo causes homeotic 
transformation of the apical region to root and hypocotyl identity,7 
suggesting that strict control of their expression is needed for correct 
formation and maintenance of RAM. Because IAA20 and IAA30 are 
not degraded through the function of the TIR1 auxin receptor, their 
levels tend to remain the same, and may only increase in response to 
auxin. These characteristics of IAA20 and IAA30 suggest that they 
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act as damper in the auxin signaling pathway that lessen the fluctua-
tions of the MP and NPH4 levels and ensures that expressions of the 
late auxin-inducible PLT genes remain at acceptable levels. Recently 
IAA30 has been also reported to express through a transcription 
factor, LEC2 and has been suggested to be involved in somatic 
embryogenesis.12,13 Though the DNA binding domain of LEC2 (B3 
domain) is related to that of ARFs,14 it binds to the RY motif, which 
is different from the auxin response element.12

We investigated the presence of the noncanonical Aux/IAA 
proteins in four other plant species for which complete genome 
sequences were available (Table 1). Each has Aux/IAA proteins with 
the dominant mutant-type domain II. Domain II-less Aux/IAA 
proteins also often lack domain I. Black cottonwood tree and grape-
vine do not have Aux/IAA proteins that lack only domain II. Thus, 
domain II-less Aux/IAA proteins like IAA20 or IAA30 of Arabidopsis 
are found only in Arabidopsis and rice. OsIAA8 (Os02g49160) of 
rice appears to be an orthologue of IAA20 or IAA30 of Arabidopsis.15 
However, it is not auxin-inducible.16 OsIAA4 (Os01g13030) has the 
dominant mutant-type domain II like Arabidopsis IAA31. However, 
unlike IAA31, it is auxin-inducible.16 Moss Physcomitrella patens does 
not have any noncanonical Aux/IAA proteins. These results suggest 
that Aux/IAA proteins diversified extensively in both structure and 
function in higher plants. Thus, no consistent roles could be assigned 
to the noncanonical Aux/IAA proteins at present.
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Figure 1. Model for domain II-less Aux/IAA proteins (IAA30 and IAA20) in 
maintenance of the root apical meristem (RAM).

Table 1 � Noncanonical Aux/IAA proteins in a few plant 
species

Species	 Total number	 Domain II-	 Dominant 	 References 
	 of Aux/IAA	 less	 mutation-type 
	 proteins	 proteins	 proteins*
Arabidopsis thaliana	 29	 5 (1)**	 1 (0)**	 5
Oryza sativa	 31	 5 (3)	 1 (0)	 15***, 16
Populus trichocarpa	 35	 3 (3)	 2 (0)	 15
Vitis vinifera	 31	 6 (6)	 3 (1)	 This study
Physcomitrella patens	 2	 0	 0	 This study

*Aux/IAA proteins with the domain II sequences which are comparable to those of dominantly-mutated Aux/
IAA proteins of Arabidopsis. **Atypical Aux/IAA proteins often also lack domain I. Numbers in parenthesis 
show proteins without domain I and domain II. ***Type of domain II was classified according to alignment 
of amino acid sequences reported by Kalluri et al.,15 and subsequently corrected manually by us. Thus, this 
classification is not completely the same as that shown by them.15


