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The retromer is a multiprotein complex involved in the intracel-
lular trafficking of cargo proteins. In mammals, it is composed of 
two subcomplexes, the core retromer constituted by the Vacuolar 
Protein Sorting (VPS) 26, VPS29, VPS35 and a dimer of Sorting 
Nexin (SNX). These different components can be cytosolic or 
peripherally associated with endosomal membranes. Although 
VPS proteins do not exhibit lipid binding domains,1,2 associa-
tion of the core retromer with endosomal membranes is achieved 
through a SNX dimer, which interacts with phosphoinositides 
(PIPs).3 In Arabidopsis thaliana, all members of the retromer are 
conserved, with two VPS26 isoforms (VPS26a and VPS26b), 
one VPS29 protein, three VPS35 isoforms (VPS35a, VPS35b 
and VPS35c) and three SNX proteins named SNX1, SNX2a and 
SNX2b. However, how the plant retromer assembles and func-
tions remains largely unknown. In a previous work, we investi-
gated the function of the plant retromer by studying the vps29 
null mutant that displays a non-functional retromer. We showed 
that VPS29 is required for endosome homeostasis, organogen-
esis and proper cycling and localization of the auxin efflux car-
rier PIN1.4 We further demonstrated that SNXs are dispensable 
for membrane binding and function of the core retromer in 
Arabidopsis, revealing some unique features of the plant retromer 
compared with its mammalian or yeast counterparts.5

In a recent publication, we investigated how plant retromer 
components are targeted to the endosomal membrane and 
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physically associate to form a functional complex, highlight-
ing again new particularities of the plant retromer.6 To address 
whether the different Arabidopsis VPS subunits function in the 
same developmental pathways, we characterized for the first 
time a vps26a vps26b double mutant and compared its develop-
mental phenotypes to those of vps29. Impaired VPS26 function 
causes important phenotypic defects similar to those observed 
in vps29 null mutants such as dwarfism.6 In addition, we report 
here that vps26a vps26b double null mutant displays severe inhi-
bition of lateral root initiation (Fig. 1A), probably due to altera-
tion of auxin transport as previously observed for vps29.4 We 
showed that maturation of the major seed storage proteins of 
Arabidopsis was altered in vps26 double mutant,6 as described in 
vps29 and vps35a vps35c mutants.7,8 A previous study reported 
that the Vacuolar Sorting Receptor 1 (VSR1) was involved in 
the transport of seed storage proteins to the vacuoles9 and that 
a truncated form of VSR1, whose role remains unknown, was 
found in wild-type seeds but not in vps29 and vps35 mutants.7 
Interestingly, we similarly detected the truncated VSR1 to be 
missing in vps26a vps26b homozygous seeds after immunob-
lotting analysis using a specific anti-VSR1 antibody (Fig. 1B). 
Altogether, our results show that VPS26, VPS29 and VPS35 are 
involved in the same physiological processes and we assume that 
the corresponding proteins function exclusively as a multipro-
tein complex in plants.
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dissociation from endosomes. Because 
Rab5 does not interact with retromer, the 
authors hypothesized that this GTPase, 
by promoting phosphatidylinositol 
3-phosphate (PI3P) formation on endo-
somal membranes, allows the recruitment 
of SNXs to the endosomal surface, which 
in turn, participates in the recruitment of 
the core retromer. Arabidopsis thaliana has 
three Rab5 homologs: ARA6/RABF1, 
ARA7/RABF2b and RHA1/RABF2a,13 
which are specifically activated by the 
action of a guanine nucleotide exchange 
factor (GEF) named VPS9a.14 While 
vps9a-1 null mutant is embryo lethal, a 
weaker mutant allele, vps9a-2, displays 
defects in the elongation of the primary 
root that result from faulty activation of 
Rab5 homologs.14 Here, to investigate 

whether plant Rab5 homologs are necessary for the recruit-
ment of the core retromer to endosomal membranes, we took 
advantage of vps9a-2 mutant and analyzed by cell fractionation 
and western blotting the distribution of VPS35a in wild type 
and vps9a-2 mutant backgrounds. We found that VPS35a 
was similarly present in the membrane fractions of wild-type 
and vps9a-2 mutant plants (Fig. 2), suggesting that the acti-
vation of Arabidopsis Rab5 homologs is not required for the 
recruitment of the VPS retromer subcomplex to membranes. 
This result highlights a new specificity of the plant retromer 
compared with its mammalian counterpart. Assuming that 
the role of Rab5 homologs in PI3P production is conserved in 
plants, this result emphasizes that SNX proteins, which inter-
act with PI3P, are not essential for the recruitment of the core 
retromer to membranes in plants, as previously proposed in 
our group.5 Indeed, it appears that the core retromer can work 
independently of SNXs in protein trafficking and plant devel-
opment. In mammals, although it has long been thought that 
the retromer functioned solely as a SNX dimer-core retromer 
complex, there are now growing evidence showing that cargo 

proteins and cellular processes can use only one of the retromer 
subcomplexes without requiring the function of the other.15-17

To conclude, although some aspects of plant retromer assem-
bly and functioning appear to be evolutionarily conserved, it 
is now evident that plants have developed unique mechanisms 
to regulate this complex, which constitutes an exciting field of 
investigation for the future.
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Recently, we observed that the strength of the phenotypes of 
different retromer mutants was correlated with the amount of 
VPS35 protein in seedlings and showed that VPS35 associates 
with endosomes independently of VPS26 and VPS29.6 Therefore, 
contrary to mammals where VPS26 plays a major role in the 
recruitment of the core retromer to endosomal membranes,10 
VPS35 appears as the main component responsible for this 
mechanism in plants. On the other hand, some actors involved in 
the association of the retromer with membranes seem to be evo-
lutionarily conserved between plants and mammals. Indeed, we 
showed that the Arabidopsis Rab7 homolog RABG3f interacted 
with VPS35 and likely participated in the recruitment of the core 
retromer to the surface of endosomes,6 as previously reported for 
Rab7 in mammals.11,12 Interestingly, the mammalian GTPase 
Rab5 has also been demonstrated to indirectly contribute to the 
recruitment of retromer to membranes.11 Indeed, overexpression 
of a dominant negative form of Rab5 results in VPS26 and SNX1 

Figure 1. Vps26a vps26b double mutant displays severe inhibition of lateral root initiation and does 
not accumulate a truncated form of the Vacuolar Sorting Receptor 1 (VSR1). (A) Root phenotype 
of 10-d-old seedlings from wild-type (WT), vps29-4 single and vps26a-1 vps26b-1 double mutant 
plants. Arrows indicate lateral roots. (B) Total protein extracts from wild-type (WT), vps35a vps35c, 
vps26a-2−/− vps26b-1+/− and vps26a-2−/− vps26b-1−/− mutant seeds were analyzed by immunoblotting 
for the expression of VSR1 and its truncated form. Molecular mass markers are indicated on the left 
in kDa.

Figure 2. Activation of Rab5 homologs is not required for the recruitment 
of VPS35 to endosomal membranes in Arabidopsis. Immunoblot analysis on 
total, cytosolic and microsomal proteins from wild-type (WT) and vps9a-2 
seedlings using anti-VPS35a, anti-H+-ATPase and anti-cytosolic fructose-1,6-
bisphosphatase (FBPase) antibodies. Cell fractionation was performed as 
previously described6 and H+-ATPase and FBPase were used as markers of 
membrane and cytosolic fractions, respectively. Molecular mass markers 
are indicated on the left in kDa.
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