N =

O 0 9 N n B~ W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

bioRxiv preprint doi: hitps://doi.org/10.1101/2023.03.06.531343; this version posted March 7, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Myosin VIII and XI isoforms interact with Agrobacterium VirE2 protein and
help direct transport from the plasma membrane to the perinuclear region

during plant transformation

Nana Liu, Lan-Ying Lee, Fang-Yu Hsu, Yanjun Yu, Praveen Rao, and Stanton B. Gelvin"

Department of Biological Sciences, Purdue University, West Lafayette, IN 47907

*Corresponding author: Stanton B. Gelvin (gelvin@purdue.edu)

Short title: Myosins mediate plant transformation

NL, L-YL, and SBG designed the experiments; NL, L-YL, F-YH, YY, and PR carried out the
experiments; NL and SBG wrote the manuscript with the help of L-YL; SBG envisaged the
project and obtained funding support.

The author responsible for distribution of materials integral to the findings presented in this
article in accordance with the policy described in the Instructions for Authors
(https://academic.oup.com/plcell/pages/General-Instructions) is: Stanton B. Gelvin
(gelvin@purdue.edu)

Authors e-mail addresses:

NL: liu2333@purdue.edu

L-YL: lee34@purdue.edu

F-YH: hsuf@purdue.edu; g29680517@oz.nthu.edu.tw
YY: yyj74@163.com

PR: Praveen Rao@URMC.Rochester.edu

SBG: gelvin@purdue.edu


https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343
https://doi.org/10.1101/2023.03.06.531343

32
33
34

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

54
55

bioRxiv preprint doi: https://doi.org/10.1101/2023.03.06.531343; this version posted March 7, 2023. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

ABSTRACT

Virulent Agrobacterium strains transfer single-strand T-DNA (T-strands) and virulence effector
proteins into plant cells. VirE2, one of these virulence effectors, enters the plant cell and is
thought to bind T-strands, protecting them from nuclease degradation and helping guide them to
the nucleus. How VirE2 is trafficked inside the plant cell is not fully understood. Using
bimolecular fluorescence complementation, in vitro pull-down, yeast two-hybrid, and in vivo co-
immunoprecipitation assays, we found that VirE2 binds directly to the cargo binding domains of
several myosin VIII family members, and to myosin XI-K. We observed reduced susceptibility
of several Arabidopsis actin mutants and a myosin VII1-1/2/a/b quadruple mutant to
Agrobacterium-mediated transformation. Expression of cargo binding domains of myosin VIII-1,
VIII-2, VIII-A, or VIII-B in transgenic plants inhibits Arabidopsis root transformation. However,
none of the myosin VIII proteins contribute to the intracellular trafficking of VirE2. Expression
of myosin VIII-2, -A, -B, but not VIII-1, cDNAs in the myosin VIII-1/2/a/b mutant partially
restored transformation. Furthermore, functional fluorescently-tagged VirE2, synthesized in
plant cells, relocalized from the cellular periphery into the cytoplasm after delivery of T-strands
from Agrobacterium. Surprisingly, mutation of myosin XI-k and expression of the myosin XI-K
cargo binding domain had no effect on transformation, although it blocked VirE2 movement
along actin filaments. We hypothesize that myosin VIII proteins facilitate VirE2 tethering to the
plasma membrane and are required for efficient localization of VirE2 to membrane sites from
which they bind incoming T-strands. Myosin XI-K is important for VirE2 movement through

the cytoplasm towards the nucleus.
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INTRODUCTION

The soil-borne phytopathogen Agrobacterium tumefaciens is the causative agent of crown
gall disease in plants (Gelvin, 2000; Tzfira et al., 2004). The ability of Agrobacteriumto
genetically transform plant cells has made Agrobacterium-mediated transformation the most
widely used platform for generating transgenic plants (Gelvin, 2017). During transformation, T-
DNA, a defined segment of the resident tumor inducing (T1) plasmid, is transferred to the plant
cell along with several virulence (Vir) effector proteins (Gelvin, 2003; McCullen and Binns,
2006; Lacroix and Citovsky, 2013). Virulence effector proteins VirD5, VirE2, VirE3, and VirF,
along with VirD2, which covalently links to T-strands (single-strand T-DNA molecules), are
transferred from Agrobacterium to the plant through a type IV secretion system (T4SS)
(Cascales and Christie, 2004; Christie et al., 2005).

VirE2, the most abundant of the virulence effector proteins (Engstrom et al., 1987), is
important for efficient plant transformation as virE2 mutant Agrobacterium strains are highly
attenuated in virulence (Stachel and Nester, 1986; Rossi et al., 1996). Invitro, VirE2 binds to
single-strand (ss)DNA in a sequence-independent manner and has been proposed to interact with
single-strand T-strands, linked to VirD2, in the plant cytoplasm, forming a “T-complex” and
protecting T-strands from nuclease degradation (Citovsky et al., 1989; Sen et al., 1989; Howard
and Citovsky, 1990; Yusibov et al., 1994; Rossi et al., 1996; Gelvin, 1998). VirE2 does not
interact with T-strands in Agrobacterium (Cascales and Christie, 2004) and its interaction with
T-strands to form a T-complex in planta has only been inferred. In addition to its in vitro DNA
binding activity, VirE2 can form membrane channels which permit the transport of ssDNA
through artificial membranes (Dumas et al., 2001; Duckely et al., 2005). Recent research
showed that VirE2 is anchored on the host plasma membrane through interaction with VirE3 at
Agrobacterium-host contact sites. Such membrane associations may facilitate the proposed
interactions between VirE2 and T-strands as the T-strands enter the plant cell (Li et al., 2018,
2020).

Efficient plant transformation by a virE2 mutant Agrobacterium strain (the “T-DNA donor”)
can be restored by co-inoculation with a bacterial strain lacking T-DNA but expressing VirE2
(the “VirE2 donor”; Otten et al., 1984; Simone et al., 2001), and a virE2 mutant Agrobacterium
strain can be complemented to full virulence by expression of a VirE2 transgene in planta

(Citovsky et al., 1992; Lapham et al., 2021), indicating that VirE2 is functional in plants during
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88  transformation. However, the subcellular localization of VirE2 remains controversial. Early
89  reports demonstrated nuclear localization of VirE2 (Citovsky et al., 1992), but other studies from
90 several laboratories indicated that VirE2 localizes in the cytoplasm (Grange et al., 2008; Gelvin,
91  2010; Roushan et al., 2018). A recent report claimed that a small amount of VirE2 can enter the
92 nucleus, but only in the presence of VirD2 and T-strands (Li et al., 2020). How VirE2, and
93  potentially associated T-strands, are trafficked from their entry point at the cell periphery to the
94 nucleus remains unknown.
95 Myosins, motor proteins that convert chemical energy into directed movement of cargo
96  proteins along actin filaments, are key players in trafficking proteins and organelles in plants
97  (Vale, 2003; Richards and Cavalier-Smith, 2005). Two classes of myosins, myosin VIII and XI,
98  are encoded by plant genomes. Arabidopsisthaliana encodes 13 myosin XI group members and
99  four myosin VIII group members (Bezanilla et al., 2003; Foth et al., 2006). Generally, myosin
100  proteins contain a highly conserved N-terminal motor domain for actin binding, a neck domain
101  with a number of 1Q repeats for light-chain binding, a coiled-coil domain that is responsible for
102 myosin protein dimerization, and a specific C-terminal tail domain that binds cargo (Trybus,
103 2008). Class XI myosins, known as organelle transporters, colocalize with organelles and are
104  involved in the rapid trafficking of Golgi stacks, streaming of endoplasmic reticulum (ER), and
105  cellular remodeling (Lee and Liu, 2004; Reisen and Hanson, 2007; Avisar et al., 2008b; Sparkes
106  etal., 2009; Ueda et al., 2010). In addition, myosins XI-K and XI-2 play major and overlapping
107  roles in root hair development (Peremyslov et al., 2008). In contrast to class XI myosins,
108  considerably less is known about the intracellular functions of class VIII myosins. Class VIII
109  myosins colocalize with plasmodesmata, the endoplasmic reticulum, and the plasma membrane
110  (Golomb et al., 2008) and may function in intercellular protein and RNA delivery to the
111 plasmodesmata, in endocytosis, and in anchoring actin filaments at plasmodesmata sites
112 (Reichelt et al., 1999; Wojtaszek et al., 2005; Avisar et al., 2008a; Golomb et al., 2008;
113 Sattarzadeh et al., 2008). Moreover, myosin VIII is important for the cell-to-cell movement of
114  virus proteins, and is required for viral movement protein targeting to and virus trafficking
115  through plasmodesmata (Amari et al., 2014).
116 The actin cytoskeleton functions to organize the endomembrane system and trafficking
117  patterns within the cell (Smith and Oppenheimer, 2005; Hussey et al., 2006). Cargo-binding and

118 intracellular transport by myosin is proposed to exert force on the actin filaments (Staiger et al.,
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119  2009). Yang et al. (2017) reported that trafficking of VirE2 inside plant cells is powered by

120 myosin XI-K via the endoplasmic reticulum and F-actin filaments. However, our knowledge of
121 the roles of plant myosins in specific steps of VirE2 trafficking and transformation remains

122 sparse. In the present study, we investigated the roles of myosin VIII family members and

123 myosin XI-K in Agrobacterium-mediated transformation and in VirE2 intracellular movement.
124  Using a dominant-negative approach by overexpressing individual myosin cargo-binding

125  domains, and by overexpressing various individual full-length myosin cDNAs, we show that
126  Arabidopsis myosins VIII-2, VIII-A, and VIII-B, but not XI-K, are important for transformation.
127  These three myosin VIII isoforms interact with VirE2 and retain it at the periphery of root cells.
128  When T-DNA enters the plant cell, a portion of peripherally localized VirE2 relocalizes into the
129  cytosol, especially the perinuclear region. However, class VIII myosins do not affect the

130 movement of VirE2 along actin filaments within the cytoplasm. In contrast, myosin XI-K

131  supports the intracellular movement of VirE2. We propose that myosins VIII-2, VIII-A, and
132 VIII-B tether VirE2 to the plasma membrane. Entry of VirD2/T-strands into the plant cell

133 releases VirE2 from the membrane, following which VirE2 translocates to the perinuclear region
134  along actin filaments, powered by myosin XI-K.

135

136 RESULTS

137  The actin cytoskeleton is important for Agrobacterium-mediated transformation

138  The actin cytoskeleton is conserved in diverse eukaryotic organisms and is important for a

139  variety of plant developmental and other processes, including cell growth, division, and

140  expansion; organelle motility; organization of the cellular interior; endomembrane trafficking;
141  and host defense responses (Smith and Oppenheimer, 2005; Embley and Martin, 2006; Hussey et
142 al., 2006; Szymanski and Cosgrove, 2009; Peremyslov et al., 2010). To test whether the actin
143 cytoskeleton plays a role in Agrobacterium-mediated transformation, we conducted transient and
144  stable Arabidopsisroot transformation assays using wild-type plants and plants individually

145  mutant in two root-expressed actin genes, actin2 (act2) and actin7 (act7). These actin mutant
146  plants showed substantial reductions (three- to five-fold) in transformation. Introduction of a
147  wild-type Act7 cDNA into the act7-4 mutant restored both transient and stable transformation

148  (Figure 1A). These results show that root-expressed actin genes are important for transformation
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149  of Arabidopsisroots. We also conducted root transformation assays using a mutant of the

150  pollen-expressed actinl2 gene (actl2) and the botero (botl) mutant that shows disorganization
151  of the root cortical microtubule network (Bichet et al., 2001). These mutants showed wild-type
152 levels of transformation (Figure 1A), indicating that neither a pollen-expressed actin gene nor the
153  correct organization of root microtubules is essential for Agrobacterium-mediated root

154  transformation.

155 Yang et al. (2017) showed that the Agrobacterium virulence effector protein VirE2 uses

156  myosin XI-K to traffic through the plant cytoplasm. Given the importance of VirE2 for

157  transformation, we individually tested Arabidopsis mutants in each of the 13 myosin XI and four
158  myosin VIII gene family members for their susceptibility to transient and stable Agrobacterium-
159  mediated transformation. Figures 1B and C, and Supplemental Figure S1 show that, apart from
160  the myosin XI-h mutant, mutation of no other single myosin gene affected transformation. In

161  particular, mutation of the myosin XI-k gene did not decrease transformation. Because of

162  potential functional redundancy among the plant myosin VIII and XI family members

163 (Prokhnevsky et al., 2008), we also tested several higher order myosin VIII and myosin XI

164  mutants. Higher order myosin XI-k mutants (XI-k/i, XI-k/1/2, and XI-k/1/2/i) showed decreased
165  transformation susceptibility (Figures 1B and 1C). Similarly, the higher order myosin VIII

166  mutants 1/a, 2/b, 1/2/a, and 1/2/a/b showed reduced transformation susceptibility compared to
167  wild-type Col-0 plants (Figures 1B and 1C).

168 We compared root and above-ground plant growth of each of the higher order myosin XI and
169  myosin VIII mutants. Similar to what was previously observed (Ojangu et al., 2007; Peremyslov
170  etal., 2008), the myosin XlI-k/1/2/i quadruple mutant displayed a strong growth and

171  developmental phenotype compared with Col-0 plants: the main roots had fewer lateral branches
172 and shorter root hairs, and the plants were dwarf. However, the myosin VIII 1/2/a/b quadruple
173 mutant appeared similar to Col-0 plants in growth, root development, and the ability to form calli
174  from cut root segments (Supplemental Figures S2A and S2B). Roots and the crown of the plant
175  are the natural target tissues for Agrobacterium-mediated transformation. Because we were

176  conducting quantitative root transformation assays (Gelvin, 2006), we did not continue to

177  investigate transformation susceptibility of the abnormal roots of the myosin XI-k/1/2/i quadruple
178  mutant. We therefore turned our attention to investigating the importance of the various myosin

179  VIII isoforms for transformation, and to the myosin XI-K protein.
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180

181  Expression of full- length myosin VI11-2, VIII-A, and VIII-B ¢cDNAs, but not a myosin VII1-
182 1 cDNA, increases susceptibility of the myosin VI11-1/2/a/b quadruple mutant to

183  Agrobacterium-mediated transformation

184 To determine the importance of each myosin VIII gene for Agrobacterium-mediated root

185  transformation, we individually expressed cDNAs for each myosin VIII gene in the myosin VIII-
186  1/2/a/b quadruple mutant. We placed each myosin VIII cDNA under the control of a strong

187  Cauliflower Mosaic Virus (CaMV) double 35S promoter (hereafter reported in Supplemental
188  Table 1 as the Agrobacterium strains used to make the transgenic lines; At2361-At2164; At2360
189  was used as an empty vector control) or a B-estradiol-inducible promoter (Zuo et al., 2000;

190  At2389-2392) and generated multiple transgenic lines. Because of the importance of myosins in
191 trafficking molecules and organelles through the plant cytoplasm (Avisar et al., 2008b), we

192 hereafter limited our transformation assays to transient transformation which measures T-DNA
193 and virulence effector protein movement through the cytoplasm, entry into the nucleus, and

194  expression of non-integrated transgenes. Thus, these assays predominantly measure non-

195  integrated transgenes.

196 Transient root transformation assays of five independent transgenic lines of each myosin VII|
197  cDNA indicated that individual expression of the myosin VIII-2, VIII-A, and VIII-B cDNAs

198  increased the transformation susceptibility of the myosin VII1-1/2/a/b quadruple mutant (Figure
199  2A and Supplemental Figures S3B-D), indicating a role for these myosins in Agrobacterium-
200  mediated transformation. However, expression of the myosin VIII-1 cDNA in the quadruple

201  mutant background did not increase transformation susceptibility (Figure 2A and Supplemental
202  Figure S3A). This latter result suggests either that myosin VIII-1 does not contribute to

203  transformation or that expression of myosin VIII-1 is not sufficient to increase transformation in
204  the absence of the other three myosin VIII isoforms. To distinguish between these two

205  possibilities, we individually overexpressed each myosin VIII ¢cDNA in wild-type Col-0 plants.
206 Interestingly, overexpression of the myosin VIII1-1 cDNA, but not the myosin VII1-2, VIII-A, or
207  VIII-B cDNAs, increased susceptibility of Col-0 plants to Agrobacterium-mediated

208  transformation (Figure 1E and Supplemental Figures S3A-D). These results indicate that myosin
209  VIII-1 can contribute to transformation, but that expression of myosin VIII-1 is not sufficient to

210  do so in the absence of the other myosin VIII isoforms. Transgenic plants harboring inducible
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211 myosin VIII ¢cDNAs yielded results similar to that of plants constitutively expressing these

212 cDNAs (Supplemental Figures S4A-D).

213 Finally, we generated transgenic lines that expressed two myosin VIII ¢cDNAs (VIII-A and
214 VII-B[At2375], or VIII-2 and VIII-B [At2376]) in both the myosin VII1-1/2/a/b quadruple

215  mutant (Figure 2C) and in wild-type Col-0 plants (Figure 2D). Overexpression of these two sets
216  of myosin cDNAs did not increase transformation of otherwise wild-type plants. However,

217  expression of these pairs of myosin cDNAs in the myosin VIII-1/2/al/lb quadruple mutant

218  enhanced transformation to a greater extent than did expression of these cDNAs individually
219  (Figures 2C and Supplemental Figures SSA-D). These results indicate that myosin VIII-A, VIII-B,
220  and VIII-2 genes contribute synergistically to transformation. These results further suggest that
221  the level of expression of the myosin VIII-2, VIII-A, and VIII-B genes in wild-type roots is

222  sufficient for maximal transformation, and that increasing expression of these genes cannot

223 further increase transformation.

224 Inducible expression of myosin VIII, but not myosin XI-K, cargo binding domain transgenes

225  affects Agrobacterium-mediated transient root transformation

226  Yang et al. (2017) demonstrated that expression of a myosin XI-K cargo binding (globular tail)
227  domain inhibited VirE2 movement in tobacco leaf cells. To determine whether specific myosin
228  VIII members are important for Agrobacterium-mediated transformation using a similar

229  dominant-negative approach, we generated transgenic Arabidopsis lines individually expressing
230  c¢DNAs encoding each of the four myosin VIII cargo binding domains (CBD; At2315-2318), or
231  the myosin XI-K CBD (At2319), under the control of a B-estradiol inducible promoter. Because
232 these CBD constructs lack the myosin motor domain, they are not able to transport their cargoes
233 along actin filaments. We tested the susceptibility of 3-4 independent transgenic lines for each
234 CBD construct to Agrobacterium-mediated transient transformation, either after 24 hr transgene
235 induction or without induction. Induction of each of the four myosin VIII CBD transgenes

236  decreased transformation two- to three-fold, whereas induction of the myosin XI-K CBD

237  transgene had no significant effect on transformation (Figure 3 and Supplemental Figures S6A-

238  E). These data further suggest that the four myosin VIII proteins contribute to Agrobacterium-
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239  mediated transformation, whereas myosin XI-K is not required for transformation. However,

240  below we show that myosin XI-K is important for VirE2 movement through the cytoplasm.

241  Myosin VIII proteins are required for Arabidopsis roots expressing VirE2 to complement

242 the virulence of a virE2 mutant Agrobacterium strain, and to mitigate VirE2 aggregation

243  Agrobacterium virE2 mutants are severely debilitated in virulence (Rossi et al., 1996). However,
244  expression of VirE2 or VirE2-Venus transgenes in plants restores virulence, indicating that the
245  major role of VirE2 in transformation occurs in the plant (Citovsky et al., 1992; Bhattacharjee et
246  al., 2008; Lapham et al., 2021). To determine the importance of myosin VIII proteins for such
247  “in planta” complementation, we generated numerous Arabidopsis transgenic lines expressing a
248  VirE2-Venustransgene, under the control of a B-estradiol-inducible promoter, in both wild-type
249  and in myosin VIII quadruple mutant plants. Twenty four hr after incubation of roots of these
250  lines in medium with or without inducer, we cut the roots into small segments and infected them
251  with A. tumefaciens At1879 containing the T-DNA binary vector pBISN2 with a gusA-intron
252 gene in the T-DNA (Narasimhulu et al., 1996). Six days later we assessed transient

253 transformation efficiency by conducting B-glucuronidase (GUS) activity assays using the

254  chromogenic substrate 5-bromo-4-chloro-3-indolyl-pB-D-glucuronide (X-gluc). As previously
255  reported (Lapham et al., 2021), induction of the VirE2-Venus transgene in wild-type Col-0 plants
256  complemented the loss of VirE2 function when a virE2 Agrobacterium mutant was used.

257  However, induction of the VirE2-Venus transgene in myosin VIII quadruple mutant plants could
258  not compensate the loss of VirE2 function when a virE2 Agrobacterium mutant was used

259  (Figures 4A and 4B). Thus, Myosin VIII expression is required for in planta complementation of
260  an Agrobacterium virE2 mutant.

261 VirE2 usually localizes in the plant cytoplasm, although in the presence of the virulence

262  effector protein VirD2 and T-strands a small amount may enter the nucleus (Gelvin, 2010; Li et
263 al., 2020). To determine whether myosin VIII affects the subcellular distribution of VirE2, we
264  used confocal microscopy to visualize B-estradiol induced VirE2-Venus in both the Col-0 and
265  myosin VIII quadruple mutant backgrounds containing an inducible Vir E2-Venus transgene.

266  VirE2 is known to aggregate both in vitro and in plants (Bhattacharjee et al., 2008; Dym et al.,
267  2008). Under our induction conditions VirE2-Venus showed a pattern of aggregation in the
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268  myosin VIII quadruple mutant distinct from that seen in the Col-0 background. In roots of the
269  quadruple mutant, VirE2-Venus aggregated to a greater extent than it did in wild-type roots

270  (Figure 4C). The sizes of VirE2 aggregates from two random areas of each of six images were
271  measured and the average sizes were calculated. The average VirE2 aggregate size in root cells
272 of the myosin VIII quadruple mutant was 6.2+0.6 um?”, compared to an average aggregate size of
273 2.0+0.3 umz in wild-type roots (Figure 4D). Furthermore, the total cellular area occupied by
274  these VirE2 aggregates was greater in root cells of the myosin VIII mutant (17.0£1.1%) than in
275  similar wild-type cells (4.710.9%) (Figure 4D). To determine whether this extensive VirE2

276  aggregation in myosin VIl mutant cells resulted from higher levels of VirE2-Venus expression
277  inroots, we extracted total proteins from B-estradiol-induced roots of these plants and

278  determined the relative amounts of VirE2-Venus expressed in roots using anti-GFP antibodies.
279  As aloading control for the protein blots, we used an antibody targeting the house-keeping

280  protein phosphoenolpyruvate carboxylase (PEPC). Strikingly, myosin VIII quadruple mutant
281  roots express, on average, less VirE2-Venus than do wild-type roots (Figure 4E). Therefore, the
282  more extensive aggregation of VirE2-Venus in myosin VIII mutant roots is unique and cannot be
283  explained by greater accumulation of this protein.

284 To determine which myosin protein influences VirE2-Venus aggregation, we generated

285  numerous transgenic Arabidopsis lines (using Agrobacterium strains At2315-At2319), in the
286  myosin VIII quadruple mutant background, expressing both VirE2-Venus and individual

287  mCherry-myosin VIII CBD ¢cDNAs under the control of a -estradiol-inducible promoter.

288  Following induction, we measured the size of the VirE2-Venus aggregates in root cells and the
289  percentage of root cell volume taken up by these aggregates. Figures SA and 5B show that,

290  compared to expression of VirE2-Venus in the absence of expression of a myosin CBD

291  transgene, expression of myosin VIII-A, VIII-B, and VIII-2 CBDs reduced both the size of

292  VirE2-Venus aggregates (from 7.5+1.9 umz down to 2.4+0.3 umz, 3.7£0.5 umz, and 3.1+0.3
293 um?’, respectively) and the percentage of the cell volume (from 17.7+2.0% down to 3.620.6%,
294  6.310.4%, and 6.110.5%, respectively) occupied by these aggregates, due to their dominant

295  negative effects. However, the CBD of myosin VIII-1 did not substantially reduce aggregate
296  size or the percentage of the cell volume occupied by the aggregates (Figure 5A): the average

297  aggregates size was 6.710.7 umz, and the percentage of the cell volume was 11.8%1.1%. These
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298  results suggest that myosin VIII-A, VIII-B, and VIII-2 CBDs interact with VirE2 in plant cells
299  and that the myosin VIII-1 CBD may fundamentally differ from the CBDs of the other three
300 myosin VIII members.

301  VirE2 interacts directly with some, but not all, myosin VIII cargo binding domains and

302  with the CBD of myosin XI-K

303  Because myosin VIII proteins are required for VirE2 to function in virulence, and because

304 myosin VIII CBD expression affects the degree to which VirE2 aggregates in planta, we

305 investigated whether myosin protein cargo binding domains interact with VirE2. We first tested
306  the direct interaction of VirE2 with each of the myosin VIII and the myosin XI-K protein CBDs
307  using an invitro pull-down assay. We individually incubated recombinant VirE2-Venus with
308 recombinant myc-tagged myosin CBDs. As a control, we substituted recombinant Venus protein
309  for VirE2-Venus. As further controls, we incubated VirE2-Venus with myc-tagged VIP1, a

310  protein known to interact with VirE2 (Tzfira et al., 2001; Djamei et al., 2007), or myc-tagged
311  Lamin C, a protein known not to interact with VirE2 (Ueki and Citovsky, 2005). We captured
312  VirE2-Venus, or Venus, and any interacting proteins on anti-GFP antibody beads, subjected the
313  bound proteins to SDS gel electrophoresis, then conducted Western blot analysis using anti-myc
314  antibodies. Figures 6A-F show that the CBDs of myosins VIII-A, VIII-B, VIII-2, and XI-K

315  directly interacted with VirE2-Venus, but not with Venus. However, we were not able to detect
316  interaction of VirE2-Venus with the CBD of myosin VIII-1. As expected, VirE2-Venus

317  interacted with myc-tagged VIP1 but not with myc-tagged Lamin C (Figure 6). These data were
318  confirmed using a yeast two-hybrid system. VirE2 interacted in yeast with the CBDs of myosins
319  VIII-A, VIII-B, VIII-2, and XI-K, as well as with VIP1. However, VirE2 did not interact in

320  yeast with the CBD of myosin VIII-1 or with the negative control Lamin C (Figures 7A and 7B).
321 To assess the interactions of VirE2 with myosin VIII or XI-K CBD proteins in vivo, we

322 conducted co-immunoprecipitation experiments using transgenic Arabidopsis roots expressing
323 VirE2-Venus and, individually, each of the myc-tagged myosin VIII or the myosin XI-K CBDs.
324  Using anti-GFP antibody beads to capture VirE2-Venus and associated proteins followed by

325  immunoblotting using anti-myc tag antibody to detect CBDs, we observed robust co-

326  immunoprecipitation between VirE2-Venus and the myosin VIII-2, VIII-A, VIII-B, and XI-K
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327  CBDs (~4% of the input myc-myosin VIII-2, VIII-A, VIII-B, and XI-K CBDs were co-

328  immunoprecipitated with anti-GFP antibody). However, we also observed some co-

329  immunoprecipitation between VirE2 and the myc-tagged myosin VIII-1 CBD (~1.6-2% of the
330  input myosin VIII-1 CBD; Figures 8A and 8B). As expected, VirE2-Venus interacted with VIP1
331  (Figure 8A), and the myosin VIII-2 CBD did not interact with the control Venus protein (Figure
332 8B). The invivo co-immunoprecipitation of VirE2-Venus with the myosin VIII-2, VIII-A, VIII-
333 B, and XI-K CBDs recapitulated the in vitro interaction and yeast two-hybrid results. However,
334  invivo co-immunoprecipitation of the myosin VIII-1 CBD with VirE2-Venus, in the absence of
335  interaction in vitro and in yeast, suggests that this in vivo interaction may be indirect and

336  mediated by other factors within Arabidopsisroots.

337  VirE2 and Myosin VIII cargo binding domains co-localize at the cell periphery

338  The vast majority of VirE2 protein localizes within the cellular cytoplasm, and in wild-type

339  Arabidopsisroots is often found in the peripheral regions of the cell (Shi et al., 2014). VirE2 has
340  been proposed to form membrane channels through which VirD2/T-strands translocate from

341  Agrobacteriuminto the plant cell (Dumas et al., 2001; Duckely et al., 2005). Myosin VIII

342  proteins also localize to the plasma membrane (Golomb et al., 2008). To determine whether

343  VirE2 and myosin cargo binding domains co-localize at the cell periphery, we generated

344  transgenic Arabidopsis plants expressing VirE2-Venus and various mCherry-tagged myosin

345  CBD cDNAs under the control of a B-estradiol inducible promoter (using Agrobacterium strains
346  At2315-At2319). After B-estradiol induction, we imaged roots using confocal microscopy

347  (Figures 9A and 9B). The CBDs of myosins VIII-A and VIII-2 localized almost exclusively to
348 the cellular periphery, whereas the CBD of myosin VIII-B localized both to the cellular

349  periphery and to the nucleus (Figure 9A). The myosin VIII-1 and XI-K CBDs localized not only
350  at the cellular periphery but also throughout the cytoplasm (Figure 9A).

351 When co-expressed in the Col-0 background, VirE2 and the myosin VIII-2, VIII-A, VIII-B,
352 and XI-K CBDs partially co-localized at the cell periphery (Pearson’s correlation coefficient =
353 0.56x0.04, 0.68%0.05, 0.6310.04, and 0.69%0.03, respectively; overlap coefficient = 0.6510.03,
354 0.7210.06, 0.7020.03, and 0.7710.04, respectively; Figure 9B). However, co-localization of
355  VirE2 with the myosin VIII-1 CBD at the cell periphery was less extensive (Pearson’s
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356  correlation coefficient = 0.44+0.03; overlap coefficient = 0.48+0.01; Figure 9B). Staining

357  VirE2-Venus expressing Arabidopsisroots with the plasma membrane dye FM4-64 revealed that
358  VirE2 localized near to but not in the plasma membrane (Pearson’s correlation coefficient =

359  0.4210.07; overlap coefficient = 0.4510.03; Supplemental Figures S7A and B). However, in the
360  myosin VIII quadruple mutant background, VirE2 localized less extensively at the cellular

361  periphery and more within the general cytoplasm (Supplemental Figures S8A and B). Co-

362 expression of mCherry-myosin VIII-1, VIII-A, or VIII-2 CBDs with the plasma membrane

363  marker PIP2A-Venus (using Agrobacterium strains At2370, At2371, and At2374, respectively)
364  revealed that these myosin VIII CBDs co-localize with PIP2A (Supplemental Figures S9A-C),
365  similar to what has previously been reported (Golomb et al., 2008). Taken together, these results
366  suggest that the myosin VIII-2, VIII-A, and VIII-B CBDs localize to the plasma membrane

367  where they may temporarily tether VirE2.

368  VirE2 and several myosin VIII cargo binding domains interact at the cell periphery

369 In order to test whether VirE2 may be a cargo of myosin VIII proteins, we conducted

370  bimolecular fluorescence complementation (BiFC) assays to visualize in planta protein-protein
371  interactions. We generated transgenic Arabidopsis plants expressing VirE2-cYFP and nVenus-
372 tagged myosin CBD cDNAs under the control of a B-estradiol inducible promoter (using

373  Agrobacteriumstrains At2320-At2324). The plants also constitutively expressed mCherry-actin
374  binding domain 2 (ABD?2) as an actin marker. After inducing the plants with B-estradiol, we

375  detected YFP fluorescence mainly at the cellular periphery of root cells when VirE2-cYFP was
376  co-expressed with the nVenus-tagged CBDs of myosins VIII-A, VIII-B, VIII-2, or myosin XI-K,
377  butno fluorescence with the myosin VIII-1 CBD (Figures 10A-F), indicating a lack of direct

378  interaction. VirE2-cYFP additionally interacted with the CBD of myosin XI-K in the cytoplasm.
379  VirE2-cYFP did not interact with the negative control protein Lamin C. These results again

380  suggest that the CBDs of myosin VIII-2, VIII-A, VIII-B, and XI-K may temporarily tether VirE2
381  to the plasma membrane, but that only myosin XI-K may transport VirE2 along actin filaments
382  through the cytoplasm.

383
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384  Some VirE2 molecules re-localize to the perinuclear region during infection by a virulent
385  Agrobacterium strain

386  Some VirE2-Venus fluorescence, when constitutively expressed in Arabidopsis roots, localizes
387  atthe cellular periphery, especially at the cell poles (Shi et al., 2014). Li et al. (2020) showed
388  that during agroinfiltraion, a small amount of VirE2 can enter the nucleus of tobacco leaf cells,
389  and this entry requires the presence of VirD2 and T-strands. To determine whether

390 transgenically-expressed VirE2 also relocalizes to the nucleus in the presence of VirD2 and T-
391  strands, we incubated Arabidopsisroots containing an inducible VirE2-Venus transgene with 3-
392  estradiol. After 24 hr, we infected root segments with a virE2-deletion Agrobacterium strain
393  either lacking T-DNA (At2403; no binary vector) or containing T-DNA on a binary vector

394 (At2404). Twenty-four hours after inoculation, we observed VirE2-Venus subcellular

395  localization by confocal microscopy. Root segments infected by A. tumefaciens At2403 did not
396  show altered VirE2-Venus subcellular localization: fluorescence was distributed throughout the
397  cytoplasm, including at the cellular periphery (Supplemental Figure SI0A). However, infection
398 by A. tumefaciens At2404 resulted in a partial redistribution of VirE2-Venus within the

399  cytoplasm: fluorescence increased in the perinuclear area (Supplemental Figure S10B).

400  Quantitative analysis of fluorescence intensity showed that perinuclear VirE2 increased ~5-fold
401  in the presence of T-DNA (Figure 11A). However, we were unable to detect VirE2-Venus

402  within the nucleus. These data suggest that the transfer of T-DNA to plant cells results in a

403  partial redistribution of VirE2 to the area surrounding the nucleus.

404  T-strands delivered by Agrobacterium can relocalize VirE2 from the cellular periphery into
405  the cytosol

406  Because much VirE2 produced in planta is already in the general cell cytosol, the data presented
407  in Figure 11A and the movies in Supplemental Figure S11 were not able to show redistribution
408  of VirE2-Venus specifically from the cell periphery into the perinuclear area. We therefore

409  conducted the VirE2-Venus re-localization experiments, following Agrobacterium infection, on
410  root segments overexpressing the various myosin VIII or myosin XI-K CBDs. We reasoned that

411  when most VirE2-Venus is tethered to the plasma membrane by myosin VIII-A, VIII-B, VIII-2,
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412 and (to a lesser extent) XI-K, as seen in Figure 9A, we may be able to detect re-distribution to
413 VirE2-Venus more easily when T-strands are introduced into the cells by Agrobacterium.

414 We generated transgenic plants expressing VirE2-Venus and individual myc-tagged myosin
415  CBD cDNAs (using Agrobacterium strains At2423-At2427), both under the control of a -

416  estradiol-inducible promoter. After inducing the transgenes for 24 hr, we infected root segments
417  with virE2 mutant Agrobacterium strains lacking or containing a T-DNA binary vector. The
418  bacteria (At2403 and At2404, respectively) additionally contained a plasmid expressing mCherry
419  to mark the location of the bacteria during infection. We observed fluorescence by confocal
420  microscopy eight hours after infection and calculated the percentage of fluorescence shift

421  between the cell periphery and the cytosol. When At2404, capable of transferring T-DNA, was
422  used, some of the VirE2-Venus fluorescence signal re-localized from the cell periphery into the
423 cytoplasm when plants expressed the myosin VIII-A, VIII-B, or VIII-2 CBDs (Figures 11C,
424 11D, and 11E, respectively, and movies in Supplemental Figures S13-15). No such

425  redistribution of the VirE2-Venus signal was observed when we infected roots with a strain,
426  At2403, lacking T-DNA. The distribution of VirE2-Venus signal was not altered in roots

427  infected with A. tumefaciens At2404 and expressing the CBDs of myosins VIII-1 or XI-K

428  (Figures 11 B and F; movies in Supplemental Figures S12 and S16). These results further

429  suggest that myosins VIII-A, VIII-B, and VIII-2 may temporarily tether VirE2 at the cell

430  periphery. However, upon transfer of T-DNA into the cell, VirE2 is released into the cellular
431  interior.

432

433  Following T-DNA transfer, VirE2 moves from the cellular periphery to the interior along
434  actin filaments

435  To address whether VirE2-Venus moves along actin filaments, we used Arabidopsis transgenic
436  lines expressing inducible VirE2-Venus and myc-tagged myosin VIII CBD cDNAs, and

437  expressing mCherry-ABD2 to mark actin filaments (using Agrobacterium strains At2365-

438  At2369). Time-lapse imaging of control plants, which expressed VirE2-Venus and mCherry-
439  ABD2 but without any myosin CBD, indicated that some VirE2-Venus moves along actin

440  filaments at a velocity of 0.353+0.06 um/sec (Figure 12). In the presence of either one of the
441  four myosin VIII CBDs, the velocity of VirE2-Venus along actin filaments in leaf or root cells

442 remained unchanged (Table 1). Additionally, the velocity of VirE2-Venus movement along

15


https://doi.org/10.1101/2023.03.06.531343

bioRxiv preprint doi: https://doi.org/10.1101/2023.03.06.531343; this version posted March 7, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

443  actin filaments was not altered in the myosin VI11-1/2/a/b quadruple mutant (Figure 12, Table 1).
444  However, when the myosin XI-K CBD was expressed in the plant, no VirE2 movement was

445  detected in either leaf or root cells. These results indicate that only myosin XI-K, but not myosin
446  VIII proteins, are important for VirE2 trafficking through leaf and root cells.

447 To test if the blockage of VirE2-Venus movement along actin filaments by the myosin XI-K
448  CBD could be reversed by the presence of VirD2/T-strands, we infected roots with a VirE2

449  mutant Agrobacterium strain harboring a T-DNA with a mCherry-intron-NLS expression

450  cassette (At2405). Time-lapse confocal microscopy still indicated no movement of VirE2-Venus
451  in the mCherry expressing cells. (Table 1 and Supplemental Figure S17).

452 Taken together, our results indicate that myosin XI-K but not myosin VIII proteins are

453  important for VirE2 intracellular trafficking. We suggest that myosin VIII proteins help tether
454  VirE2 to the plasma membrane/peripheral regions of the cell. Upon introduction of VirD2/T-
455  strands, VirE2 is released and is trafficked through the cell by myosin XI-K.

456

457
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458  DISCUSSION
459

460 Importance of VirE2 in Agrobacterium-mediated plant transformation

461  Agrobacterium tumefaciens can transfer virulence (Vir) proteins and T-DNA into plant, fungal,
462  and yeast cells (Chilton et al., 1977; Bundock et al., 1995; Piers et al., 1996; de Groot et al.,

463  1998). During the transfer process, VirE2, the most abundant virulence protein (Engstrom et al.,
464  1987), and four other Vir proteins exit the bacterium via a VirB/VirD4 type IV secretion system
465  (T4SS) and facilitate transformation (Schrammeijer et al., 2003; Cascales and Christie, 2004;
466  Vergunst et al., 2005). VirE2 is a single-strand (ss) DNA binding protein that binds ssDNA in
467  vitro (Zupan et al., 1996). A popular theory proposes that VirE2 binds T-strands that enter the
468  plant cell following infection by Agrobacterium, and that the resulting hypothetical T-complexes,
469  composed of VirD2 covalently linked to T-strands and coated by VirE2 molecules, are the form
470  of T-DNA that traffics within the cell (Li et al., 2020). However, T-complexes have not yet been
471  identified in Agrobacterium-infected plants.

472 virE2 mutant Agrobacterium strains are highly attenuated in virulence (Stachel and Nester,
473  1986). Fewer T-strands can be isolated from plant cells infected by an Agrobacterium virE2

474  mutant than from cells infected by a wild-type Agrobacterium strain (Yusibov et al., 1994), and
475  the few transformants produced by a virE2 mutant Agrobacterium strain generally harbor large
476  T-DNA deletions, suggesting a protective function of VirE2 on T-strands (Rossi et al., 1996).
477  However, a VirE2 mutant Agrobacterium strain can efficiently transform plants expressing VirE2
478  (in planta complementation), indicating both the importance of VirE2 in transformation and that
479  the function of VirE2 in transformation occurs within the plant (Citovsky et al., 1992; Lapham et
480  al., 2021). The efficient rescue of an Agrobacterium virE2 mutant by in planta complementation
481  indicates that VirE2 trafficking within a plant cell can be studied using plant lines that produce
482  VirE2, rather than studying VirE2 trafficking after delivery from Agrobacterium. However, our
483  inplanta system is not appropriate for investigating initial VirE2 delivery into the plant.

484 As well as its proposed protective function, VirE2 may facilitate T-DNA entry into the plant
485 by forming single-strand DNA-specific pores in the plant plasma membrane, as it can in artificial
486  membranes (Dumas et al., 2001). Following transfer to the plant, VirE2 initially accumulates on
487  the cytoplasmic side of host plasma membranes at points where bacteria contact the plant cell (Li

488  and Pan, 2017). Accumulation of VirE2 on the membrane is facilitated by its interaction with
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489  the Agrobacterium effector protein VirE3, which also accumulates in the host plasma membrane
490  at contact sites with the bacteria (Lacroix et al., 2005; Li et al., 2018; Li et al., 2020). Interaction
491  of VirE2 with importin alpha may help guide VirE2 towards the nucleus (Bhattacharjee et al.,
492  2008), although this interaction is weak (Chang et al., 2014). Therefore, VirE2 may be involved
493 in the trafficking of the T-complex inside the plant cell. However, our knowledge of the precise
494  trafficking process of VirE2 inside the host cells, and the proteins that coordinate this trafficking
495  to facilitate transformation, remains sparse.

496

497  Importance of the actin cytoskeleton for transformation and intracellular VirE2 movement
498  The actin cytoskeleton is essential for numerous biological processes in plants, including cell
499  morphogenesis, tip growth, organelle movement, vesicle trafficking, and maintenance of cell
500  polarity (Hussey et al., 2006; Staiger et al., 2009; Duan and Tominaga, 2018). Actin genes are
501  categorized according to their expression patterns. In Arabidopsis, the vegetative actins (ACT2,
502  ACTY7, and ACT8) are mainly expressed in roots (Meagher et al., 1999), whereas ACT4 and

503  ACT12 are primarily expressed during pollen development (Huang et al., 1996). We conducted
504 transient and stable root transformation assays of act2 and act7 mutants (Figure 1A). These

505  assays indicated that mutation of these genes greatly inhibited transformation. Restoration of
506 transformation-susceptibility by introducing an ACT7 cDNA into act7 mutant plants confirmed
507  that the transformation deficiency of the act7 mutant was caused by mutation of this gene.

508  Mutation of the pollen-expressed ACT12 gene had no effect on root transformation, as expected.
509  In addition, we measured the velocity of VirE2-Venus movement along actin filaments, which
510  were marked with mCherry-ABD?2, in Arabidopsisleaf cells. VirE2 aggregates moved with an
511  average velocity of 0.353 + 0.06 um/sec in leaf cells and 0.312 £ 0.07 pm/sec in root cells (Table
512 1), similar to the velocity (0.434 um/sec) recorded by Yang et al. (2017) within tobacco leaf cells.
513 Salman et al. (2005) showed that VirE2 binds to microtubules in vitro, and Sakalis et al.

514  (2014) showed colocalization of YFP-VirE2 with fluorescently tagged microtubules in yeast and
515  plant cells. However, they did not assay transformation in the presence of microtubule

516  disrupting agents. We observed no difference in transformation between wild-type and bot-1
517  mutant Arabidopsis roots, which have a disorganized cortical microtubule network, indicating
518  that correctly organized microtubules are not required for efficient transformation of plants.

519
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520  Importance of Arabidopsis myosin isoforms for transformation

521  The movement of molecules, vesicles, and organelles along actin filaments relies on the highly
522 conserved myosin motors (Avisar et al., 2008b; Madison and Nebenfuhr, 2013; Ueda et al., 2015;
523  Citovsky and Liu, 2017). Myosins have actin-binding, ATPase, and cargo binding domains, and
524  these activities contribute to a wide range of physiological processes, including root hair growth,
525  organelle motility, tip growth of pollen tubes, and gamete nuclear migration (Prokhnevsky et al.,
526  2008; Peremyslov et al., 2010; Madison et al., 2015; Geeves, 2016). Plants contain two classes
527  of myosins, the plant-specific myosin VIII class comprising four members (myosins VIII-1, 2, A,
528 and B) and the myosin XI class comprising 13 members (myosins XI-A through K, and myosins
529  XI-1 and XI-2). Most of the myosin XI proteins are localized in the cytosol and are responsible
530  for intracellular movement of their cargos, including vesicles and organelles (Peremyslov et al.,
531  2008; Peremyslov et al., 2010). Myosin XI-K in particular is important for vesicular trafficking
532 (Yangetal.,, 2014). Myosin VIII proteins localize predominantly to the cellular periphery,

533 including the plasma membrane, plasmodesmata, and cortical microtubules (Golomb et al., 2008;
534  Haraguchi et al., 2014; Bar-Sinai et al., 2022) although we have found that myosin VIII-B also
535  localizes to the nucleus (Figure 9A). Myosin VIII proteins may be important for intercellular
536 movement of viral proteins and for helping guide plant cell division (Avisar et al., 2008a; Amari
537 etal., 2014; Wu and Bezanilla, 2014).

538 Upon entry into a plant cell, VirE2 may interact with VirE3 and associate with the plasma
539  membrane where myosin VIII proteins localize, then move towards the nucleus after associating
540  with T-DNA (Liet al.,, 2018; Tu et al., 2018). We therefore tested the importance of each

541  myosin XI and myosin VIII protein for transformation by conducting transient and stable root
542  transformation assays on individual myosin gene mutants (Figures 1B and 1C). Interestingly,
543  only disruption of the myosin Xl-h gene substantially (greater than two-fold) inhibited

544  transformation (Supplemental Figure S1A). Myosin XI-H is moderately strongly expressed in
545  all root tissues and is phylogenetically most closely related to myosins XI-B and XI-G, that are
546  not well-expressed in roots, and to myosin XI-2 which does show root expression (Peremyslov et
547 al., 2011). No specific cellular function had previously been assigned to myosin XI-H (reviewed
548 by Duan and Tominaga, 2018). We were somewhat surprised not to see an effect of a myosin xi-
549  kmutation on transformation because Yang et al. (2017) showed that RNAi inhibition of N.

550  benthamiana myosin XI-K decreased Agrobacterium-mediated transformation by ~50%.
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551  However, Arabidopsis may encode more myosin XI isoforms than does N. benthamiana (Avisar
552 etal., 2008b), permitting functional redundancy of the Arabidopsis myosin XI isoforms to

553  conceal a role for Arabidopsis myosin XI-K in transformation.

554 Because the vast majority of single myosin XI or myosin VIII mutants did not affect

555  transformation, we tested the effect of higher order myosin mutants on this process. Roots from
556  plants mutant in two, three, or four myosin XI genes showed increasing deficiency in

557  transformation susceptibility (Figures 1B and 1C). As previously noted, these higher order

558  myosin XI mutants showed increasing root developmental defects as more myosin XI genes

559  were mutated (Supplemental Figure S1B; Ojangu et al., 2007; Peremyslov et al., 2008). Because
560  our Arabidopsis transformation assays were conducted on roots, the natural target for

561  Agrobacterium-mediated transformation, we were concerned that these root developmental

562  problems may complicate the interpretation of our transformation data. We therefore turned our
563  attention to higher order Arabidopsis myosin VIII mutants whose roots appeared normal

564  (Supplemental Figure S1B). These higher order myosin VIII mutants also showed decreased
565  transformation susceptibility (Figures 1B and 1C).

566 To test the importance of each myosin VIII gene in transformation, we individually expressed
567  cDNAs for each of the myosin VIII proteins in the myosin VII1-1/2/a/b quadruple mutant. Three
568  of these genes, encoding myosins VIII-2, A, and B, could partially restore transformation

569  susceptibility to the quadruple mutant (Figure 2A), indicating that they play an important role in
570  transformation. Simultaneous expression of two of these cDNAs in the quadruple mutant further
571  increased transformation (Figure 2C), indicating that these myosin VIII proteins are not

572  completely redundant with regard to transformation. However, expression of the cDNA

573  encoding myosin VIII-1 did not affect transformation (Figure 2A), suggesting a fundamental
574  difference among these class VIII myosins for their roles in Agrobacterium-mediated

575  transformation. As shown in Figures 6, 7, 8, 10 and discussed below, myosins VIII-2, VIII-A,
576  and VIII-B can directly interact with Agrobacterium VirE2, an important effector protein for

577  transformation, whereas myosin VIII-1 does not directly interact with VirE2. However, it may
578  indirectly interact with VirE2 within a protein complex. Ectopically expressed myosin VIII-A,
579  VIII-B, and VIII-2 cargo binding domains (CBD) localize strongly to the peripheral regions of
580  root cells (myosin VIII-B also localizes in the nucleus), whereas myosin VIII-1 additionally

581  localizes substantially in the cytosol (Figure 9A). Furthermore, expression of the CBDs of
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582  myosins VIII-2 and VIII-A decreased the size of VirE2 aggregates that form in the myosin VIII-
583  1/2/alb quadruple mutant, whereas expression of the myosin VIII-1 CBD did not. These

584  observations indicate a fundamental difference among these myosin VIII isoforms in their

585  interaction with VirE2, their subcellular localization, and their effects on transformation.

586 Interestingly, overexpression of a myosin VIII-1 cDNA in wild-type Arabidopsis increased

587  transformation, indicating both that myosin VIII-1 does play some role in transformation, and
588 that this protein is limiting in wild-type roots (Figure 2B). Overexpression of myosin VIII-A,
589  VIII-B, or VIII-2 cDNAs in wild-type roots, either individually or in combination, did not alter
590 transformation susceptibility, indicating that these proteins are naturally found in amounts

591  maximal for transformation.

592

593  Some myosin VIII isoforms may tether VirE2 to the plasma membrane until T-strands
594  enter the plant cell

595  Several studies have indicated that myosin VIII proteins, or their globular tail domains, localize
596  at the plasma membrane, especially at plasmodesmata (Radford and White, 1998; Reichelt et al.,
597 1999, Avisar et al., 2008a; Golomb et al., 2008; Amari et al., 2014). Our results showed that
598  VirE2-Venus substantially co-localizes with each of the four transgenically expressed myosin
599  VIII protein CBDs at the plasma membrane of root cells, although co-localization with myosin
600  VIII-1 is less extensive (Figure 9A). When roots of these transgenic plants were incubated with
601  Agrobacteriumlacking T-DNA, the association of VirE2 with the peripheral regions of the cell
602  remained largely unchanged. However, incubation of these roots with Agrobacterium containing
603  T-DNA relocalized much of the VirE2-Venus signal to the cytosol. In addition, incubation of
604  roots expressing VirE2-Venus (but not any myosin VIII CBD) with Agrobacterium containing T-
605  DNA relocalized a portion of the VirE2-Venus signal to the perinuclear area, but not into the
606  nucleus. These results are consistent with previous observations that VirE2 localizes mainly
607  within the cytosol and, especially, perinuclear regions upon infection of cells with an

608  Agrobacterium strain that can transfer VirD2/T-strands to plant cells, and that only a very small
609  quantity may enter the nucleus (Li et al., 2020).

610 To examine how various myosin isoforms may faciltate VirE2 movement from the plasma
611 membrane region to the cytosol, we measured the velocity of VirE2-Venus movement along

612  mCherry-ABD2-labeled actin filaments with and without expression of various myosin VIII or
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613  myosin XI-K CBDs. For these experiments, it was assumed that the CBDs could act as domiant
614  negative molecules to bind VirE2, thereby inhibiting VirE2 movement along these actin

615 filaments. In both the absence and presence of myosin VIII CBD expression, VirE2 trafficked
616  along Arabidopsisactin filaments with a velocity of 0.31-0.40 um/sec, a velocity similar (~0.502
617  um/sec) to that calculated by Yang et al. (2017) in tobacco. These data indicate that myosin VIII
618  proteins are not important for intracellular VirE2 trafficking. However, co-expression of the

619  myosin XI-K CBD with VirE2-Venus completely blocked VirE2 movement along actin

620 filaments, suggesting that this myosin isoform is at least partially responsible for intracellular
621  VirE2 trafficking, as suggested by Yang et al. (2017).

622

623 A model for the role of myosin proteins in VirE2 plasma membrane tethering and

624  movement through plant cells

625  Research from several laboratories, and this study, has informed our revised model for how

626  Agrobacterium virulence effector proteins, such as VirE2, and T-DNA enter a plant cell, form
627  complexes, and traffic T-DNA to the nucleus (Figure 13). VirE2 has the ability to generate pores
628  in artificial lipid membranes through which single-strand DNA molecules, such as T-strands,
629  may penetrate (Dumas et al., 2001; Duckely et al., 2005; Grange et al., 2008). VirE2 delivered
630  from Agrobacterium localizes to the cytoplasmic side of the plant plasma membrane, held there
631 by interaction with another virulence effector protein, VirE3 (Li et al., 2018, 2020). Our data
632  similarly show that plant-expressed VirE2-Venus, which can effect transformation by a virE2
633  mutant Agrobacterium cell, also partially localizes to the cytoplasmic side of the plasma

634 membrane. We propose that VirE2 is tethered to the plasma membrane by various myosin VIII
635  isoforms. Upon entry of VirD2/T-strands into the plant, VirE2 is released from the plasma

636  membrane and associates with T-strands. This hypothetical T-complex is trafficked along an
637  actin/endoplasmic reticulum network (Yang et al., 2017) by myosin XI-K, or a functionally

638  similar myosin XI protein, towards the nucleus. Consistent with this mechanism of trafficking,
639  we have previously shown that a Rab GTPase, which modulates vesicle trafficking in

640  biosynthetic and endocytic pathways, is important for transformation (Hwang and Gelvin, 2004),
641 and that a VAP33-like SNARE protein, that localizes to ER-plasma membrane contact sites

642  (Wang et al., 2014; Wang et al., 2015), interacts with VirE2 (Lee et al., 2012).
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643 We are aware that one aspect of our analysis does not easily fit this proposed model:

644  Expression of the myosin XI-K CBD completely inhibited detectable VirE2 movement through
645  the cytosol but had no effect on Agrobacterium-mediated transformation. Inhibition of VirE2
646  movement by the myosin XI-K CBD occurred regardless of whether Agrobacterium was present
647  to transfer T-DNA into the cells. We note that the requirement for VirE2 in Agrobacterium-

648  mediated transformation is not absolute: 1. Agrobacterium-mediated yeast transformation does
649  not require VirE2, although mutation of VirE2 results in a ~10-fold decrease in yeast

650  transformation (Bundock et al., 1995), and 2. Some A. rhizogenes strains do not encode VirE2,
651  although they are highly virulent. These strains encode two proteins, GALLS-FL and GALLS-
652  CT, that can functionally complement a virE2-mutant A. tumefaciens strain, although the amino
653  acid sequence and protein domains of VirE2 and GALLS proteins are highly dissimilar (Hodges
654  etal., 2004, 2006; Ream, 2009). With regard to the results of experiments conducted in this

655  study, we suggest either that a small, undetectable population of VirE2 molecules associates with
656  incoming T-strands and traffics towards the nucleus to effect transformation, or (a somewhat

657  heretical model) that VirE2 does not interact with T-strands in plant cells and that tracking VirE2
658  movement through the cell does not correlate with intracellular T-DNA movement. Future

659  experiments will attempt to solve this conundrum.

660
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661 MATERIALS AND METHODS

662  Plant and bacterial materials and growth conditions. Seeds of wild-type (ecotype Col-0),
663  mutant, and transgenic Arabidopsis thaliana were surface-sterilized with 50% bleach and 0.01%
664  SDS, washed five times with sterile water, then placed on Gamborg’s BS medium (Gibco) with
665  the appropriate antibiotics (when used, hygromycin 10 pg/mL). Seedlings were grown in 16 hr
666  light/8 hr dark conditions at 25°C. E. coli strains were grown at 37°C in LB medium (per liter:
667  Tryptone 10 g, NaCl 10 g, Yeast extract 5 g). A. tumefaciens strains were grown at 28°C in YEP
668  medium (per liter: Bacto peptone 10 g, Yeast extract 10 g, NaCl 5 g). When used, antibiotic
669  concentrations were: For E. coli, ampicillin, 100 pg/ml; kanamycin, 50 pg/ml; spectinomycin,
670 100 pg/ml; for A. tumefaciens, rifampicin, 10 pug/ml; spectinomycin, 100 pug/ml. All bacterial
671  strains and plasmid constructs used in this study are listed in Supplemental Tables S1 and S2.
672

673  Construction of plasmids and binary vectors and generation of transgenic plants. A

674  description of all plasmids used in this study, including details of their construction, is given in
675  Supplemental Table S1. Primers used for these constructions are given in Supplemental Table
676  S3. Final E. coli and A. tumefaciens strains are given in Supplemental Table S2. Recombinant
677  constructions were transformed into E. coli TOP10 or DH10B before characterization and

678  transfer to the appropriate Agrobacterium strains by electroporation. For protein expression,
679  plasmids were transferred to E. coli BL21DE3. T-DNA binary vectors in Agrobacterium were
680  used to transform plants of the Col-0 or the myosin VII1-1/2/a/b quadruple mutant background
681  utilizing a floral dip transformation protocol (Clough and Bent, 1998).

682

683  Agrobacterium-mediated transient and stable transformation assays. Overnight

684  Agrobacterium cultures were diluted 1:10 into 20 ml of YEP medium containing the appropriate
685  antibiotics and grown at 28°C until they reached an Aggy = 0.83 (~10° cells/ml). The cells were
686  collected by centrifugation, washed with sterile 0.9% NacCl, and serially diluted in 0.9% NaCl for

687  transient and stable root transformation assays. For transient transformation assays, infection of
688  Arabidopsisroot segments was performed with Agrobacterium strains containing the T-DNA
689  binary vector pBISN1 (Narasimhulu et al., 1996) as previously described (Tenea et al., 2009).

690  Transformation efficiency was reported as the percentage of root segments stained blue with 5-
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691  bromo-4-chloro-3-indolyl-B-D-glucuronic acid (X-gluc) after two days co-cultivation with

692  bacteria on MS medium plus an additional four days on CIM (Callus-Inducing Medium)

693  containing 100 pg/ml timentin. For stable transformation, after two days of cocultivation, root
694  segments were separated onto CIM containing 100 pg/ml timentin and the appropriate selection
695 agent. The plates were incubated at 23°C for four weeks, after which they were scored for callus
696  development on the ends of the roots. Stable transformation efficiency was calculated as the

697  percentage of total segments showing calli. Transient and stable transformation assays were

698  conducted in triplicate, with >100 root segments per replicate.

699

700  Bimolecular fluorescence complementation (BiFC). A VirE2 coding sequence was fused with
701  cEYFP (C-terminal 64 amino acid residues of an EYFP gene) and under the control of a [3-

702  estradiol-inducer promoter in the vector pSAT1 to make pSATI1-Pi-VirE2-cEYFP. cDNAs

703  encoding myosin VIII CBDs were amplified using the appropriate primers (Supplemental Table
704  S3), fused with nVenus (N-terminal 174 amino acids of a Venus gene) and cloned, under the

705  control of a B-estradiol-inducer promoter in pSAT6, to make pSAT6-Pi-nVenus-myosin VIII
706  CBD. The Pi-VirE2-cEYFP expression cassette and the Pi-nVenus-myosin VIII CBD

707  expression cassettes were digested with Ascl and PI-Pspl, respectively, and cloned into the same

708  sites in the binary vector pE4437. pE4437 also contains a hptll plant selection marker, an

709  expression cassette for a nuclear marker (P355-Cerulean-NLS), and an actin cytoskeleton marker

710  (P355-mCherry-actin binding domain2, ABD2). These final constructs were introduced into A.

711 tumefaciens GV3101::.pMP90 (Koncz and Schell, 1986) by electroporation to make A.

712 tumefaciens At2320-At2324, respectively, and used to generate transgenic Col-0 Arabidopsis
713 plants for in vivo BiFC assays.

714

715  Yeast two hybrid assay. An octopine-type VirE2 gene from pTiA6 was cloned into the bait
716  vector pPGBKT?7, and the myosin VIII and myosin XI CBD ¢cDNAs were individually cloned into
717  the prey vector pPGADT?7 (Clontech). As negative controls, empty bait, empty prey, and Lamin
718  C prey plasmids were used (Krendel et al., 2007). A cDNA encoding the VirE2-interacting

719  protein 1 (VIP1) was used as a positive control (Tzfira et al., 2001). Yeast transformations were

720  performed using a lithium acetate method (Sato et al., 1994). Cells were plated onto synthetic
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721  dropout (SD)-agar plates lacking tryptophan and leucine. Three days after transformation, yeast
722 cells from the resulting colonies were plated onto SD medium lacking tryptophan, leucine, and
723 histidine (-Trp-Leu-His) supplemented with 3-amino-1,2,4-triazole (3AT) to test for protein

724 interactions.

725

726  Invitro protein pull-down assay. The plasmid pET28a (Novagen, San Diego, CA) was used to
727  generate recombinant proteins fused in-frame with a Venus tag or a myc tag. A full-length

728  c¢DNA encoding VirE2 fused with Venus was cloned into pET28a with Ncol+Notl. cDNAs

729  encoding the CBDs (amino acids 953-1,166 for myosin VIII-1; amino acids 1,003-1,220 for
730  myosin VIII-2; amino acids 948-1,153 for myosin VIII-A; amino acids 954-1,136 for myosin
731  VIII-B; amino acids 808-1,531 for myosin XI-K) of myosin VIII and XI-K were amplified and
732 cloned into pET28a with Ncol+BamHI (myosin VIII CBDs) or Ncol+Notl (myosin XI-K CBD)
733 to generate myc fusions. The full-length cDNA of VIP1 was cloned into pET28a with

734 Ncol+BamHI to use as a myc-tagged positive control, and for negative controls Lamin C fused

735  with a myc tag, or Venus only, were cloned into pET28a with Smal+BamHI. The constructs

736 were transformed into E. coli BL21 (DE3). Bacteria were cultured at 16°C for 18 hours in the
737  presence of 0.5 mM isopropylthio-f3-galactoside (IPTG). The cells were centrifuged and the

738  pellet was sonicated in cell lysis buffers (20 mM HEPES-KOH pH 7.2, 50 mM potassium acetate,
739 50 mM KCI, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 5% glycerol, 0.5% Triton X-100, 1 mM
740  phenylmethylsulfonylfluoride [PMSF]). VirE2-Venus and Venus cell lysates were incubated
741  with GFP-Trap magnetic agarose beads (Chromotek, USA) at 4°C for 2 hr with gentle shaking.
742 The beads were washed three times with cell lysate buffer (0.2% Triton X-100) and then

743  incubated with bacterial lysates from E. coli cells expressing myc-tagged VIP1, myc-tagged
744  Lamin C, or myc-tagged myosin VIII/XI-K CBDs proteins that were prepared as described
745  above. The binding reactions were incubated at 4°C for 1 hr with gentle shaking. The beads
746  were washed three times with cell lysate buffer (0.2% Triton X-100) followed by boiling in
747  sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) buffer for 10 min.
748  Protein samples were loaded onto 10% SDS polyacrylamide gels, subjected to electrophoresis
749 (60 Volts 1.5 hrs for the stacking gel and 100 Volts 4.5 hrs for the separating gel), then either

750  stained with Coomassie blue or subjected to western blot analysis using a 1:1000 dilution of
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751  mouse anti-GFP or mouse anti-Myc antibodies (Cell Signaling Technology, USA). After

752  addition of a 1:5000 dilution of horseradish peroxidase-conjugated horse anti-mouse secondary
753  antibodies (Catalog #7076; Cell Signaling Technology, USA), proteins were detected using an
754  ECL kit (LI-COR Biosciences, Lincoln, NE, USA).

755

756 In vivo co-immunoprecipitation (co-IP) assay. Transgenic Arabidopsis plants (generated using
757  Agrobacterium strains At2423-At2427) harboring an inducible expression cassette of either

758  VirE2-Venus, or Venus, and of each myc-tagged myosin VIII or XI-K CBDs were used for in
759  Vivo protein-protein interaction assays. Transgenic lines expressing, upon induction, myc-tagged
760  CBDs and Venus were used as negative controls (At2428). Four-week old plants were treated
761  with 5 uM B-estradiol for 24 hr, and roots were harvested and ground in liquid nitrogen using a
762  mortar and pestle. A total of 0.25 g of the ground tissue was transferred into a 2 ml tube and 500
763 ul of ColP buffer (50 mM Tris-HCI, pH 7.5, 150 mM NaCl, 0.1% Triton X-100, 0.2% Nonidet
764  P-40, 0.6 mM PMSF, and 20 uM MG132 in a Roche protease inhibitor cocktail) was added. The
765  mixture was mixed thoroughly by repeated cycles of 30 sec vortexing followed by chilling on ice.
766  The samples were centrifuged at 4°C, 13000g for 5 min. A total of 20 pl of anti-GFP beads was
767  pre-washed with wash buffer (50 mM Tris-HCIL, pH 7.5, 150 mM NacCl, 0.6 mM PMSF, and 20
768  uM MG132 with Roche protease inhibitor cocktail) three times, the beads were added to the

769  extracted supernatant solution, and the reactions were incubated at 4°C for 1 hr with gentle

770  shaking. The beads were washed five times with wash buffer, proteins were eluted by incubation
771  with 4x LDS sample loading buffer (Invitrogen, CA, USA) at 95°C for 3 min. The proteins were
772  fractionated by SDS-PAGE and analyzed using western blots, with a 1:1000 dilution of anti-GFP
773  and anti-Myc antibodies, respectively. The proteins were detected using an ECL kit (LI-COR
774  Biosciencces, Lincoln, NE, USA).

775

776  Localization of VirE2-Venus after infection of Arabidopsis roots with Agrobacterium strains
777  harboring or lacking T-DNA. Transgenic A. thaliana lines expressing a VirE2-Venus gene

778  under the control of a B-estradiol inducible promoter were treated with 5 uM B-estradiol for 24 hr.
779  Roots were infected with a virE2 mutant strain A. tumefaciens strain (A. tumefaciens EHA 105
780  containing a non-polar deletion of VirE2; At1872) containing the plasmid pBBR1-

781  MCS2::mCherry to track red fluorescent bacteria (At2405). The Agrobacterium cells either
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782  contained or lacked the T-DNA binary vector pE4672 (A. tumefaciens At2404 and At2403,
783  respectively). Overnight bacterial cultures were transferred to fresh AB-glucose medium and

784  grown until the cell density reached an Agpp=0.83. The bacteria were centrifuged and

785  resuspended in induction medium (1x AB salts, 2% glucose, 30 mM MES, 2 mM NapyHPO4, 2
786  mM NaH,PO4) containing 100 uM acetosyringone and cultured for 16-20 hr. Six hr after

. . . 8 .
787  cocultivation with bacteria at 10 cfu/ml, root segments were observed by confocal microscopy

788  (Zesis 880 Upright Confocal microscope with a Plan-Apo 20%/0.8 objective). Images from 100
789  cells of each infection were analyzed using Image J.

790

791  Confocal microscopy imaging. For VirE2-Venus trafficking, transgenic plantlets harboring an
792 inducible Venus-VirE2 transgene (generated using A. tumefaciens At2365-At2369) were placed
793  on BS5 agar plates containing 100 pg/ml timentin and 20 pg/ml hygromycin and grown vertically
794  for one week. The plants were treated with 10 uM B-estradiol for 9 hr, washed with sterile water,
795  and time lapse images of the roots were taken using a Zeiss 880 confocal microscope equipped

796  with a 20 X water objective. For VirE2 relocalization assays, similarly grown plants were
797  treated with 5 uM B-estradiol for 24 hr, washed with sterile water, and infected with 108 cfu/ml

798  of a virE2 mutant Agrobacterium strain containing or lacking a T-DNA binary vector. Infections
799  were conducted for 8 hr as described above, and images were taken using a Zeiss 880 confocal
800  microscope equipped with a Plan-Apo 20%/0.8 objective.

801

802 SUPPLEMENTAL DATA

803  Supplemental Figure S1. Most myosin VIII and myosin Xl single mutants are not deficient in

804  stable transformation.

805  Supplemental Figure S2. Growth and morphology of wild-type and higher order myosin VII|

806  and XI mutant plants.

807  Supplemental Figure S3. Effect on transformation of expressing full-length myosin cDNAs in
808  wild-type and myosin VIII-1/2/a/b mutant plants.

809  Supplemental Figure S4. Effect on transformation of expressing full-length inducible myosin

810  cDNAs in wild-type and myosin VI11-1/2/a/b mutant plants.
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811  Supplemental Figure S5. Effect on transformation of expressing pairs of full-length myosin
812  cDNAs in wild-type and myosin VI11-1/2/a/b mutant plants.

813  Supplemental Figure S6. Inducible expression of myosin VIII, but not myosin XI-K, CBDs
814  inhibits transformation.

815  Supplemental Figure S7. Co-localization of VirE2-Venus and FM4-64.

816  Supplemental Figure S8. Subcellular localization of VirE2-Venus in transgenic plants.

817  Supplemental Figure S9. Myosin VIII CBDs colocalize with the plasma membrane marker
818  PIP2A.

819  Supplemental Figure S10. VirE2 re-localizes to the perinuclear area after infection by an

820  Agrobacterium strain that can transfer T-DNA.

821  Supplemental Figure S11. Infection of root cells with an Agrobacterium strain capable of
822  transferring T-DNA re-localizes VirE2-Venus from the cellular periphery into the cytoplasm.
823  Supplemental Figure S12. Infection of root cells with an Agrobacterium strain capable of
824  transferring T-DNA does not re-localizes VirE2-Venus from the cellular periphery into the

825  cytoplasm when the myosin VIII-1 CBD is expressed.

826  Supplemental Figure S13. Infection of root cells with an Agrobacterium strain capable of
827  transferring T-DNA re-localizes VirE2-Venus from the cellular periphery into the cytoplasm.
828  Supplemental Figure S14. Infection of root cells with an Agrobacterium strain capable of
829 transferring T-DNA re-localizes VirE2-Venus from the cellular periphery into the cytoplasm.
830  Supplemental Figure S15. Infection of root cells with an Agrobacterium strain capable of
831 transferring T-DNA re-localizes VirE2-Venus from the cellular periphery into the cytoplasm.
832  Supplemental Figure S16. Expression of the myosin XI-K CBD does not affect VirE2-Venus
833  localization upon infection by Agrobacterium.

834  Supplemental Figure S17. Expression of the myosin XI-K CBD inhibits movement of VirE2-
835  Venus.
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1109 FIGURE LEGENDS
1110
1111 Figure 1. Some Arabidopsisactin and myosin genes are important for Agrobacterium-

1112 mediated transformation. (A) Root segments from Arabidopsis wild-type and act2-1, act7-1,
1113 act7-4, actl2, act7-4 comp (complemented), or botl mutants were infected with A. tumefaciens
1114  A208 (tumorigenic strain for stable transformation; left panel) or A. tumefaciens At849 (T-DNA
1115  contains a plant-active gusA-intron gene for transient transformation; right panel). After two
1116  days, the root segments were moved to medium (MS lacking phytohormones for stable

1117  transformation, CIM for transient transformation) containing timentin to kill the bacteria. For
1118  stable transformation, the presence of tumors was scored one month after infection. For transient
1119  transformation, root segments were stained with X-gluc after an additional four days, and the
1120  percentage of roots showing GUS activity was calculated. act7-4 comp, act7-4 mutant

1121 complemented with an ACT7 cDNA. (B and C) Root segments from Arabidopsis wild-type and
1122 single or higher order myosin VIII or XI mutants were infected with A. tumefaciens At849

1123 transiently or A. tumefaciens A208 stably. A total of 10-15 plants and >100 segments per plant
1124 were tested for stable transformation. Values given are means + SE. Asterisks indicate

1125  significant differences compared to wild-type plants. [t-test, *P <0.05; **P <0.01].

1126

1127  Figure 2. All Myosin VIII family members can contribute to Agrobacterium-mediated

1128  transformation. Root segments from transgenic Arabidopsis individually expressing either an
1129  empty vector or myosin VIII cDNAs in myosin VIII-1/2/a/b mutant plants (A), or in wild-type
1130  plants (B), were infected with A. tumefaciens At849. Transgenic Arabidopsis expressing cDNAs
1131  encoding myosins VI1I-2, VIII-A, VIII-B, VI11-2+VI11-B or VIII-A+VIII-B in the myosin VIII-
1132 1/2/a/b mutant background (C) or in wild-type Col0 plants (D) were similarly infected with A.
1133 tumefaciens At849. Transient transformation efficiencies are indicated as the percentage of roots
1134  showing GUS activity six days after infection. A total of 10-15 plants and >100 segments per
1135  plant, from five independent transgenic lines, were tested for transient transformation. Values
1136  given are means + SE Asterisks indicate significant differences compared to control plants that
1137  contain an empty vector (A and B), the myosin VII1-1/2/a/b quadruple mutant (C), or wild-type
1138  Col-0 plants (D). [t-test, *P <0.05; **P <0.01; ***P <0.001; ****P <(.0001].

1139

1140

40


https://doi.org/10.1101/2023.03.06.531343

bioRxiv preprint doi: https://doi.org/10.1101/2023.03.06.531343; this version posted March 7, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

1141  Figure 3. Inducible expression of myosin VIII, but not the myosin XI-K, cargo binding
1142  domains (CBD) inhibits transient transformation. Root segments from transgenic

1143 Arabidopsis expressing the cargo binding domain (CBD) of the indicated myosin protein, under
1144  the control of a B-estradiol inducible promoter, were treated with B-estradiol or control solutions
1145  for 24 hr before infection with A. tumefaciens At849. The percentage of roots showing GUS
1146  activity six days after infection indicates the transient transformation efficiency. A total of 10-15
1147  plants and >100 segments per plant, from five independent transgenic lines, were tested for

1148  transient transformation. Values given are means + SE. Asterisks indicate significant

1149  differences compared to uninduced plants. [t-test, **P <0.01; ***P <0.001].

1150

1151  Figure 4. Expression of VirE2-Venus in the myosin VI11-1/2/a/b mutant cannot

1152  complement a virE2 mutant Agrobacterium strain for transient transformation. (A)

1153  Agrobacterium-mediated transient transformation assays were conducted on roots of four

1154  independent transgenic lines of wild-type (Lines 2, 4, 5 and 8) or (B) the myosin VIII1-1/2/a/b
1155 mutant (Lines 2, 3, 12, and 13). Root segments were inoculated with 106, 107, or 10° cfu/ml of
1156  the virE2 mutant strain A. tumefaciens At1879 containing the T-DNA binary vector pBISN2.
1157  Plants were treated with B-estradiol (gray bars) or control solution (black bars) for VirE2-Venus
1158  expression 24 hr before infection. The percentage of roots showing GUS activity was calculated
1159 asin Figure 1. A total of 10-15 plants from each line and >100 segments per plant were tested
1160  for transient transformation. Values given are means = SE. Asterisks indicate significant

1161  differences compared to uninduced plants. [t-test, *P <0.05; **P <0.01]. (C) Confocal images
1162  showing aggregation of VirE2-Venus proteins in transgenic roots of either wild-type (top panel)
1163  or myosin VIl 1/2/a/b mutant backgrounds (bottom panel). (D) Quantitative analysis of the size
1164  of VirE2-Venus aggregates and the percentage of the cellular area occupied by the aggregates.
1165 Image J was used for analysis. The average VirE2-Venus aggregate size was 2.0+0.3 um? in
1166  wild-type roots, and 6.2+0.6 um? in myosin VI11-1/2/a/b quadruple mutant roots. (E) Western
1167  blot detection of VirE2-Venus proteins expressed in transgenic plants of either the Col-0 or the
1168  myosin VIII-1/2/a/b quadruple myosin mutant background. Mouse anti-GFP antibody was used

1169  to detect VirE2-Venus protein expressed after induction of individual transgenic lines. The
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1170  house-keeping protein phosphoenolpyruvate carboxylase (PEPC) was detected using a rabbit

1171  anti-PEPC antibody and served as an internal control.

1172 Figure 5. Analysis of VirE2-Venus aggregates in roots of transgenic Arabidopsis expressing
1173 the CBDs of various Myosin VIII proteins. Roots were treated with -estradiol for eight hr.
1174  Random areas of confocal images from roots expressing (A) Myosin VIII-1 or VIII-2 CBDs, or
1175  (B) Myosin VIII-A or VIII-B CBDs were analyzed using Image J. Both the sizes and the

1176  percentage of the cellular area occupied by the VirE2-Venus aggregates are shown.

1177  Figure 6. VirE2-Venus interacts with some myosin cargo binding domains (CBDs) in vitro.
1178  VirE2-Venus or Venus proteins were incubated with the indicated myc-tagged myosin CBD,
1179  VIP1, or Lamin C. Following binding to anti-GFP beads, proteins were eluted and subjected to
1180  Western blot analysis using anti-myc antibodies. Coomassie stained gels are shown in panels A,
1181 C, and E, and immunoblots in panels B, D, and F. VirE2-Venus interacts with the CBDs of
1182  myosins VIII-2, VIII-A, VIII-B, and XI-K, and with VIP1 (panels B, D, and F), but not with the
1183  CBD of myosin VIII-1 or with Lamin C (panels D and F). Venus, as a negative control, does not
1184  interact with any myc-tagged protein.

1185  Figure 7. The cargo binding domains (CBD) of some myosins interact with VirE2 in yeast.
1186  Yeast two-hybrid analysis was conducted with VirE2 as the bait and individual myosin CBDs as
1187  the prey. Following co-transformation of the bait and prey plasmids, single colonies were picked
1188  and serial dilutions of yeast were grown on (A) SD-Trp-Leu (-TL) medium, or (B) SD-Trp-Leu-
1189  His medium supplemented with 3 mM 3-amino-1,2,4-triazole (-TLH+3AT). Colony growth on
1190  SD-TLH+3AT indicates interaction between VirE2 and the myosin CBD. VIP1 was used as a
1191  positive control for interaction with VirE2. Lamin C and the empty vector were used as negative

1192  controls. SD, synthetic dropout medium.

1193  Figure 8. Myosin cargo binding domains can form complexes with VirE2 when expressed
1194  in Arabidopsis. (A) Protein extracts from roots of transgenic Arabidopsis plants expressing
1195  VirE2-Venus, or Venus, and the indicated myc-tagged myosin CBD transgenes were incubated
1196  with anti-GFP beads, the bound proteins eluted, and subjected to Western blot analysis using
1197  anti-myc antibodies. Myc-tagged VIP1 was used as a positive control. (B) Root extracts
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1198  expressing VirE2-Venus or Venus and myc-tagged myosin VIII-2 CBD were incubated with
1199  anti-GFP beads, the bound proteins eluted, and subjected to Western blot analysis using anti-myc
1200  antibodies.

1201  Figure 9. Co-localization of VirE2-Venus and mCherry-myosin CBDs in Arabidopsis roots.
1202 (A) Roots of transgenic Arabidopsis plants containing VirE2-Venus and mCherry-myosin CBD
1203  genes, each under the control of a B-estradiol-inducible promoter, were treated with B-estradiol
1204  for 8 hr and examined by confocal microscopy. Bars indicate 50 um. (B) Pearson’s correlation
1205  and overlap coefficient of Venus and mCherry fluorescence. A total of 10-15 transgenic lines
1206  and >50 cells per construct were used for quantitative analysis using Image J. Values >0.5

1207  indicate co-localization of the two proteins for both methods of analysis. The red line indicates a

1208  co-localization ratio of 0.5.

1209  Figure 10. Bimolecular fluorescence complementation (BiFC) of VirE2 with various

1210  myosin CBDs in Arabidopsisroots. Transgenic Arabidopsis plants containing VirE2-cEYFP
1211  and the indicated myosin CBDs-nVenus, each under the control of a -estradiol-inducible

1212 promoter, were treated with B-estradiol for 48 hr and the fluorescence signal detected by

1213 confocal microscopy. VirE2 interacts with the CBDs of (A), myosin VIII-2; (B), myosin VIII-A;
1214  and (D), myosin VIII-B at the plasma membrane. VirE2 interacts with the myosin XI-K CBD at
1215  the plasma membrane and within the cytoplasm (E). VirE2 does not interact with the myosin
1216 ~ VIII-1 CBD (C) or Lamin C (F). Yellow fluorescence indicates interaction of VirE2-Venus with
1217  the myosin CBD. Actin filaments are labeled by mCherry-ABD2. The figure shows merged
1218  images of the Venus and mCherry signals. Bars indicate 50 um.

1219

1220  Figure 11. Incubation of Arabidopsis roots with Agrobacterium that can transfer T-DNA
1221  results in increased VirE2-Venus in the perinuclear region. (A) Transgenic Arabidopsis
1222 plants containing an inducible VirE2-Venus transgene were treated with 5 um B-estradiol for 24
1223 hr, followed by inoculation with 10® cfu/ml of the VirE2 mutant A. tumefaciens At1872 without a
1224 binary vector (At2403, left panel) or with T-DNA on a binary vector (At2404, right panel). The
1225  percentage of total VirE2-Venus fluorescence in the perinuclear area was calculated. Images of

1226 10-15 transgenic lines and >50 cells were analyzed. The data indicate means + SE. Asterisks
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1227  indicate significant differences between roots inoculated with the two Agrobacterium strains.
1228  (B-F) the relative distribution of VirE2-Venus at the cell poles or in the cytoplasm following
1229  infection with A. tumefaciens At2403 or At2404 of roots co-expressing CBDs of myosin VIII-1.
1230 myosin VIII-2, myosin VIII-A, myosin VIII-B, or myosin XI-K (B, C, D, E, F, respectively).
1231  Images of 10-15 transgenic lines and >50 cells were analyzed. The data indicate means + SE.
1232 Asterisks indicate significant differences between roots inoculated with the two Agrobacterium
1233 strains. [t-test, *P <0.05; **P<0.01; ***P <0.001].

1234

1235  Figure 12. Loss of function of myosin XI-K, but not myosin VIII, disrupts movement of
1236  VirE2-Venus along actin filaments. Transgenic plants expressing mCherry-ABD2

1237  constitutively and VirE2-Venus inducibly in Col-0, myosin VII1-1/2/a/b, and myosin XI-K CBD
1238  plants were used in this experiment. Roots of these plants were treated with 10 um B-estradiol
1239  for 8 hr. Time lapse images were taken by confocal microscopy. Four images of each field are
1240  shown at the indicated times (0, 60, 90, and 120 seconds). Blue arrows indicate the initial

1241  position of a particular VirE2-Venus aggregate; white arrows indicate the position of the same
1242 aggregate at various times thereafter. Bars indicate 5 um.

1243

1244 Figure 13. Model of myosin VIII and myosin XI-K involvement in VirE2 trafficking to the
1245  perinuclear region. (A) Agrobacterium virulence effector proteins, including VirE2 and VirE3,
1246  are secreted into host cells through a Type IV secretion system. VirE2 and VirE3 interact at the
1247  plant plasma membrane. Myosin VIII proteins localize at the plasma membrane and help tether
1248  VirE2 to the plasma membrane when no T-DNA is present. (B) When T-strands (as a VirD2/T-
1249  strand complex) enter the host cell, VirE2 molecules are released and some may bind T-DNA,
1250  following which VirE2 interacts with myosin XI-K and moves along actin filaments to the

1251  perinuclear region. Not shown are the Agrobacterium virulence effector proteins VirD5 and
1252 VirF which also are transferred to the plant.

1253
1254

44


https://doi.org/10.1101/2023.03.06.531343

bioRxiv preprint doi: https://doi.org/10.1101/2023.03.06.531343; this version posted March 7, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

1255  Table 1. Velocity of VirE2-Venus movement in leaf and root cells of various Arabidopsis
1256  transgenic lines

Transgene(s) in plant/ . : Lo Lo
Agrobacterium Arabidopsis Velocity in leaves | Velocity in roots
infection® background (nm/sec) (nm/sec)
infection
VirE2-Venus Col-0 0.353+ 0.06 0.312+ 0.07
. myosin
VirE2-Venus VIl-1/2/alb 0.378+0.02 0.318+0.02
irE2- +
M;Z)I;EZV\I’IeI‘_“fSCBD Col-0 0.407 +0.06 0341 +0.04
irE2- +
M;i)l;ilile\I/IeII-l;SCBD Col-0 0.398 0.07 0.321 £ 0.02
irE2- +
My\(’);riﬁz\/};‘?XSCBD Col-0 0.387 +0.07 0.304 0.01
irE2- +
M}XlsriizV\I]I?fl];lSCBD Col-0 0.401 + 0.05 0.328 + 0.04
M;/érslfj;ﬁ%uégl) Col-0 Not detectable Not detectable
VirE2-Venus +
%gfgégg;ﬁﬁ?%f Col-0 Not detectable Not detectable
DNA)
VirE2-Venus +
Xg;%st;gc?[(elr_iljrr?gDTT Col-0 Not detectable Not detectable
DNA)

1257 Al transgenes are under the control of a B-estradiol-inducible promoter; CBD, cargo binding
1258  domain. >50 cells of 10 independent transgenic lines were examined for each genotype of
1259  transgenic plant.

1260
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Figure 1. Some Arabidopsis actin and myosin genes are important for Agrobacterium-mediated root transformation.

(A) Root segments from Arabidopsis wild-type and act2-1, act7-1, act7-4, actl2, act7-4 comp, or botl mutants were infected
with 4. tumefaciens A208 (tumorigenic strain for stable transformation; left panel) or A. tumefaciens At849 (T-DNA contains a
plant-active gusA-intron gene for transient transformation; right panel). After two days, the root segments were moved to
medium (MS lacking phytohormones for stable transformation, CIM for transient transformation) containing timentin to kill the
bacteria. For stable transformation, the presence of tumors was scored one month after infection. For transient transformation,
root segments were stained with X-gluc after an additional four days, and the percentage of roots showing GUS activity was
calculated. act7-4 comp, act7-4 mutant complemented with an AC77 cDNA. (B and C) Root segments from Arabidopsis wild-
type and single or higher order myosin VIII or XI mutants were infected with A. tumefaciens At849 transiently or A. tumefaciens
A208 stably. A total of 10-15 plants and >100 segments per plant were tested for stable transformation. Values given are means
+ SE. Asterisks indicate significant differences compared to wild-type plants. [¢-fest, *P <0.05; **P <0.01].
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Figure 2. All Myosin VIII family members can contribute to Agrobacterium-mediated transformation. Root segments from
transgenic Arabidopsis individually expressing either an empty vector or myosin VIII cDNAs in myosin VIII-1/2/a/b mutant plants
(A), or in wild-type plants (B), were infected with 4. tumefaciens At849. Transgenic Arabidopsis expressing cDNAs encoding
myosins VIII-2, VIII-A, VIII-B, VIII-2+VIII-B or VIII-A+VIII-B in the myosin VIII-1/2/a/b mutant background (C) or in wild-type
Col-0 plants (D) were similarly infected with A. tumefaciens At849. Transient transformation efficiencies are indicated as the
percentage of roots showing GUS activity six days after infection. A total of 10-15 plants and >100 segments per plant, from five
independent transgenic lines, were tested for transient transformation. Values given are means = SE. Asterisks indicate significant
differences compared to control plants that contain an empty vector (A and B), the myosin VIII-1/2/a/b quadruple mutant (C), or
wild-type Col-0 plants (D). [t-test, *P <0.05; **P <0.01; ***P <0.001; ****P <(.0001].
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Figure 3. Inducible expression of myosin VIII, but
not the myosin XI-K, cargo binding domains
(CBD) inhibits transient transformation. Root
segments from transgenic Arabidopsis expressing the
cargo binding domain (CBD) of the indicated myosin
protein, under the control of a B-estradiol inducible
promoter, were treated with B-estradiol or control
solutions for 24 hr before infection with A.
tumefaciens At849. The percentage of roots showing
GUS activity six days after infection indicates the
transient transformation efficiency. A total of 10-15
plants and >100 segments per plant, from five
independent transgenic lines, were tested for transient
transformation.  Values given are means + SE.
Asterisks indicate significant differences compared to
uninduced plants. [t-test, **P <0.01; ***P <0.001].
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Figure 4. Expression of VirE2-Venus in the myosin VIII-1/2/a/b
mutant cannot complement a virE2 mutant Agrobacterium strain for
transient transformation. (A) Agrobacterium-mediated transient
transformation assays were conducted on roots of four independent
transgenic lines of wild-type (Lines 2, 4, 5 and 8) or (B) the myosin VIII-
1/2/a/b mutant (Lines 2, 3, 12, and 13). Root segments were inoculated
with 109, 107, or 10® cfu/ml of the virE2 mutant strain A. tumefaciens
At1879 containing the T-DNA binary vector pBISN2. Plants were treated
with B-estradiol (gray bars) or control solution (black bars) for VirE2-
Venus expression 24 hr before infection. The percentage of roots showing
GUS activity was calculated as in Figure 1. A total of 10-15 plants from
each line and >100 segments per plant were tested for transient
transformation.  Values given are means + SE. Asterisks indicate
significant differences compared to uninduced plants. [t-test, *P <0.05;
*#P<0.01]. (C) Confocal images showing aggregation of VirE2-Venus
proteins in transgenic roots of either wild-type (top panel) or myosin VIII
1/2/a/b mutant backgrounds (bottom panel). (D) Quantitative analysis of
the size of VirE2-Venus aggregates and the percentage of the cellular area
occupied by the aggregates. Image J was used for analysis. The average
VirE2-Venus aggregate size was 2.0+0.3 pm? in wild-type roots, and
6.240.6 pm? in myosin VIII-1/2/a/b quadruple mutant roots. (E) Western
blot detection of VirE2-Venus proteins expressed in transgenic plants of
either the Col-0 or the myosin VIII-1/2/a/b quadruple myosin mutant
background. Mouse anti-GFP antibody was used to detect VirE2-Venus
protein expressed after induction of individual transgenic lines. The
house-keeping protein phosphoenolpyruvate carboxylase (PEPC) was
detected using a rabbit anti-PEPC antibody and served as an internal
control.
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Figure 5. Analysis of VirE2-Venus aggregates in roots of transgenic Arabidopsis expressing the CBDs of various
Myosin VIII proteins. Roots were treated with -estradiol for eight hr. Random areas of confocal images from roots
expressing (A) Myosin VIII-1 or VIII-2 CBDs, or (B) Myosin VIII-A or VIII-B CBDs were analyzed using Image J.
Both the sizes and the percentage of the cellular area occupied by the VirE2-Venus aggregates are shown.
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Figure 6. VirE2-Venus interacts with some myosin cargo binding domains (CBDs) in vitro. VirE2-Venus or Venus
proteins were incubated with the indicated myc-tagged myosin CBD, VIP1, or Lamin C. Following binding to anti-GFP
beads, proteins were eluted and subjected to Western blot analysis using anti-myc antibodies. Coomassie stained gels are

shown in panels A, C, and E, and immunoblots in panels B, D, and F. VirE2-Venus interacts with the CBDs of myosins VIII-
2, VIII-A, VIII-B, and XI-K, and with VIP1 (panels B, D, and F), but not with the CBD of myosin VIII-1 or with Lamin C
(panels D and F). Venus, as a negative control, does not interact with any myc-tagged protein.
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Figure 7. The cargo binding domains (CBD) of some myosins interact with VirE2 in yeast. Yeast two-hybrid analysis was
conducted with VirE2 as the bait and individual myosin CBDs as the prey. Following co-transformation of the bait and prey plasmids,
single colonies were picked and serial dilutions of yeast were grown on (A) SD-Trp-Leu (-TL) medium, or (B) SD-Trp-Leu-His medium
supplemented with 3 mM 3-amino-1,2,4-triazole (-TLH+3AT). Colony growth on SD-TLH+3AT indicates interaction between VirE2 and

the myosin CBD. VIP1 was used as a positive control for interaction with VirE2. Lamin C and the empty vector were used as negative
controls. SD, synthetic dropout medium.
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Figure 8. Myosin cargo binding domains can form
complexes with VirE2 when expressed in Arabidopsis. (A)
Protein extracts from roots of transgenic Arabidopsis plants
expressing VirE2-Venus, or Venus, and the indicated myc-
tagged myosin CBD transgenes were incubated with anti-GFP
beads, the bound proteins eluted, and subjected to Western blot
analysis using anti-myc antibodies. Myc-tagged VIP1 was used
as a positive control. (B) Root extracts expressing VirE2-Venus
or Venus and myc-tagged myosin VIII-2 CBD were incubated
with anti-GFP beads, the bound proteins eluted, and subjected to
Western blot analysis using anti-myc antibodies.
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Figure 9. Co-localization of VirE2-Venus and mCherry-myosin CBDs in Arabidopsis roots. (A) Roots of transgenic Arabidopsis
plants containing VirE2-Venus and mCherry-myosin CBD genes, each under the control of a B-estradiol-inducible promoter, were
treated with B-estradiol for 8 hr and examined by confocal microscopy. Bars indicate 50 um. (B) Pearson’s correlation and overlap
coefficient of Venus and mCherry fluorescence. A total of 10-15 transgenic lines and >50 cells per construct were used for
quantitative analysis using Image J. Values >0.5 indicate co-localization of the two proteins for both methods of analysis. The red
line indicates a co-localization ratio of 0.5.
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Figure 10. Bimolecular fluorescence complementation (BiFC) of VirE2 with various myosin CBDs in
Arabidopsis roots. Transgenic Arabidopsis plants containing VirE2-cEYFP and the indicated myosin CBDs-
nVenus, each under the control of a B-estradiol-inducible promoter, were treated with B-estradiol for 48 hr and the
fluorescence signal detected by confocal microscopy. VirE2 interacts with the CBDs of (A), myosin VIII-2; (B),
myosin VIII-A; and (D), myosin VIII-B at the plasma membrane. VirE2 interacts with the myosin XI-K CBD at
the plasma membrane and within the cytoplasm (E). VirE2 does not interact with the myosin VIII-1 CBD (C) or
Lamin C (F). Yellow fluorescence indicates interaction of VirE2-Venus with the myosin CBD. Actin filaments
are labeled by mCherry-ABD2. The figure shows merged images of the Venus and mCherry signals. Bars
indicate 50 um.
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Figure 11. Incubation of Arabidopsis roots with Agrobacterium
that can transfer T-DNA results in increased VirE2-Venus in the
perinuclear region. (A) Transgenic Arabidopsis plants containing
an inducible VirE2-Venus transgene were treated with 5 pum (-
estradiol for 24 hr, followed by inoculation with 10® cfu/ml of the
virE2 mutant A. tumefaciens At1872 without a binary vector
(At2403, left panel) or with T-DNA on a binary vector (At2404, right
panel). The percentage of total VirE2-Venus fluorescence in the
perinuclear area was calculated. Images of 10-15 transgenic lines
and >50 cells were analyzed. The data indicate means + SE.
Asterisks indicate significant differences between roots inoculated
with the two Agrobacterium strains. (B-F) the relative distribution of
VirE2-Venus at the cell poles or in the cytoplasm following infection
with A. tumefaciens At2403 or At2404 of roots co-expressing CBDs
of myosin VIII-1. myosin VIII-2, myosin VIII-A, myosin VIII-B, or
myosin XI-K (B, C, D, E, F, respectively). Images of 10-15
transgenic lines and >50 cells were analyzed. The data indicate
means + SE. Asterisks indicate significant differences between roots

inoculated with the two Agrobacterium strains. [t-test, *P <0.05;
*¥*P<0.01; ***P<0.001].
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Figure 12. Loss of function of myosin XI-K, but not myosin VIII, disrupts movement of VirE2-Venus along actin filaments.
Transgenic plants expressing mCherry-ABD2 constitutively and VirE2-Venus inducibly in Col-0, myosin VIII-1/2/a/b, and myosin
XI-K CBD plants were used in this experiment. Roots of these plants were treated with 10 uM -estradiol for 8 hr. Time lapse
images were taken by confocal microscopy. Four images of each field are shown at the indicated times (0, 60, 90, and 120 seconds).
Blue arrows indicate the initial position of a particular VirE2-Venus aggregate; white arrows indicate the position of the same
aggregate at various times thereafter. Bars indicate 5 um.
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Figure 13. Model of myosin VIII and myosin XI-K involvement in VirE2 trafficking to the perinuclear region. (A) Agrobacterium
virulence effector proteins, including VirE2 and VirE3, are secreted into host cells through a Type IV secretion system. VirE2 and VirE3
interact at the plant plasma membrane. Myosin VIII proteins localize at the plasma membrane and help tether VirE2 to the plasma
membrane when no T-DNA is present. (B) When T-strands (as a VirD2/T-strand complex) enter the host cell, VirE2 molecules are released
and some may bind T-DNA, following which VirE2 interacts with myosin XI-K and moves along actin filaments to the perinuclear region.
Not shown are the Agrobacterium virulence effector proteins VirD5 and VirF which also are transferred to the plant.



Supplemental Table 1. Plasmids used in this study.

Plasmid Important . Plasmid description An?lbmtlc Reference
features/proteins resistance
. ) Kozaki et
pE886 Cloning vector pBlusescript KS+ Amp al., 2004
Citovsky et
PE3086 EYFP pSAT6-P355-cEYFP-N1 Amp al., 2006
pE3129 PIP2A pSAT6-PIP2A-mRFP Amp | Gelvinlab
strain
Gelvin lab
pE3133 myc pSAT6-P355-myc-MCS Amp strain
Lee and
pE3230 nVenus pSAT6-P355-nVenus-C Amp Gelvin
2014
Lee and
pE3275 mCherry pSAT6-P35s-mCherry-C1-B Amp Gelvin
2014
From Clay
pE3341 mCherry pBBR1-MCS2::mCherry Kan
Fuqua
pE3447 Lamin C pBSKS-Lamin C Amp Gelv1r} lab
strain
pE3519 Binary vector pPZP-bar-RCS2 Spec Gelv1r} lab
strain
) Luetal.,
pE3522 | Yeast bait vector pGBKT7 Kan 2010
Lee and
pE3542 Venus pSATI1-Venus-C Amp Gelvin
2014
pE3745 | Yeast prey vector pGADT7 Amp Chien et
al., 1991
For N-terminal
nVenus tagging ) Gelvin lab
pE3802 | . myosin XI-K pSAT6-P355-nVenus-Myosin XI-K CBD Amp strain

CBD




Gelvin lab

pE3982 VirE2-cEYFP pSATI1-P35s-VirE2-cEYFP Amp strain
. Ncol-BamHI fragment from pSAT4-VirE2- Gelvin lab
pE4014 VirE2-cCFP cCFP cloned into the same sites in pGBKT7 Kan strain
B-estradiol- Gelvin lab
pE4224 inducible pSAT1-B-estradiol-inducible promoter Amp .
strain
promoter
pE4282 VirE2-Venus pSATI1-Pi-VirE2-Venus Amp Ge:;;?r}ab
VirE2-Venus, PZP-Pi-VirE2-V -Pnos-mCherry- Gelvin lab
|y 1-VIr enus-rnos-MLUNCITY
pE4292 mCherry-ABD2 ABD2 Spec strain
Binary vector; Gelvin lab
pE4317 |  VirE2-Venus, pPZP-Pi-VirE2-Venus-hptll Spec evin ia
hptll strain
mCherry-intron- ) Gelvin lab
pE4381 g{s pPZP-P355-mCherry-intron-NLS Spec strain
Binary vector; .
pE4437 | Cerulean-NLS, PPZP -Pnos-Cerulean-NLS-P355-mCherry- Spec Gelvin lab
mCherry-ABD2 ABD2 strain
VirE2-Venus, o Gelvin lab
PE4438 |~ lean.NLS | PPZP-Pi-VirE2-Venus-Pnos-Cerulean-NLS Spec strain
Gelvin lab
pE4515 pSATI1-P35s pSATI-MCS Kan strain
Binary vector; Lee and
pE4672 ry ’ PPZP-Pnos-hptIl Spec Gelvin,

hptll

2014




pE4712

Myosin VIII-1

PCR fragment of Myosin VIII-1 CBD
with Kpnl/BamHI sites, cloned into the

This study

CBD EcoRV site of pBluescript KS+ to make
pBS-Myosin VIII-1 CBD
PCR fragment of Myosin VIII-2 CBD
Myosin VIII-2 with Kpnl/BamHI sites, cloned into the .
pE4713 CBD EcoRV site of pBluescript KS+ to make Amp This study
pBS-Myosin VIII-2 CBD
PCR fragment of Myosin VIII-A CBD with
Myosin VIII-A Kpnl/BamHI sites, cloned into the EcoRV .
pE4714 CBD site of pBluescript KS+ to make pBS- Amp This study
Myosin VIII-A CBD
PCR fragment of Myosin VIII-B CBD
Myosin VIII-B with Kpnl/BamHI sites, cloned into the .
pEATIS CBD EcoRV site of pBluescript KS+ to make Amp This study
pBS-Myosin VIII-B CBD
B-estradiol PCR fragment of inducible promoter from
RS pE4224 with Agel/EcoRYV sites, cloned into .
pE4716 Hiilrl;;l:éi the EcoRV site of pBluescript KS+ to make Amp This study
p pBS-Pi promoter
SAT6-Pi- Agel+EcoRV digested pE4716, cloned into
pE4720 rl; Chore.C Agel+EcoRV digested pE3275, to make Amp | This study
ry pSAT6-Pi-mCherry
mCherrv-Mvosin Kpnl+BamHI digested pE4712 cloned into
pE4721 VH??{ C]gD Kpnl+BamHI digested pE4720 to make Amp This study
pSAT6-Pi-mCherry-Myosin VIII-1 CBD
mCherrv-Mvosin Kpnl+BamHI digested pE4713 cloned into
pE4722 VII?—% CgD Kpnl+BamHI digested pE4720 to make Amp This study
pSAT6-Pi-mCherry-Myosin VIII-2 CBD
mCherrv-Mvosin Kpnl+BamHI digested pE4714 cloned into
pE4723 VH{K CE};D Kpnl+BamHI digested pE4720 to make Amp This study
pSAT6-Pi-mCherry-Myosin VIII-A CBD
mCherrv-Mvosin Kpnl+BamHI digested pE4715 cloned into
pE4724 Y=V Kpnl+BamHI digested pE4720 to make Amp This study

VIII-B CBD

pSAT6-Pi-mCherry-Myosin VIII-B CBD




mCherry-Myosin

Kpnl+Pst1 (Blunt) digested pE3802 cloned
into Kpnl+BamHI (Blunt) digested pE4720

pE4725 XI-K CBD to make pSAT6-Pi-mCherry-Myosin XI-K Amp This study
CBD
mCherry-Myosin PI-Pspl digested pE4721 cloned into PI-
- Pspl digested pE4438 to make pPZP-Pi-
pE4726 \Ylgzl_\? BD, p 8 P P i Spec This study
Ir cnus, VirE2-Venus-Pnos-Cerulean-NLS-Pi-
Cerulean-NLS mCherry-Myosin VIII-1 CBD
mCherry-Myosin PI-Pspl digested pE4722 cloned into PI-
- Pspl digested pE4438 to make pPZP-Pi-
pE4727 \anfzz_\? BD, p 8 P P i Spec This study
Ir cnus, VirE2-Venus-Pnos-Cerulean-NLS-Pi-
Cerulean-NLS mCherry-Myosin VIII-2 CBD
mCherry-Myosin PI-Pspl digested pE4723 cloned into PI-
- Pspl digested pE4438 to make pPZP-Pi-
pE4728 \\]/I IézA_ VC BD, p 8 P P i Spec This study
Ir cnus, VirE2-Venus-Pnos-Cerulean-NLS-Pi-
Cerulean-NLS mCherry-Myosin VIII-A CBD
mCherry-Myosin PI-Pspl digested pE4724 cloned into PI-
- Pspl digested pE4438 to make pPZP-Pi-
pE4729 \\]/Héz]?\f: BD, p s P P ) Spec This study
Ir cnus, VirE2-Venus-Pnos-Cerulean-NLS-Pi-
Cerulean-NLS mCherry-Myosin VIII-B CBD
mCherry-Myosin PI-Pspl digested pE4725 cloned into PI-
- Pspl digested pE4438 to make pPZP-Pi-
pE4730 VXI K CBD, p 8 P P ) Spec This study
irE2-Venus, VirE2-Venus-Pnos-Cerulean-NLS-Pi-
Cerulean-NLS mCherry-Myosin XI-K CBD
SAT6-Pi- Agel+EcoRV digested pE4716 cloned into
pE4731 %Venus_ o Agel+EcoRV digested pE3230 to make Amp | This study
pSAT6-Pi-nVenus
Agel+Swal digested pE4731 cloned into
pE4732 | VirE2-cEYFP Agel+Swal digested pE3982 to make Amp This study
pSATI1-Pi-VirE2-cEYFP
nVenus-Mvosin Kpnl+BamHI digested pE4712 cloned into
pE4733 | "N CJY3D Kpnl+BamHI digested pE4731 to make Amp | This study
pSAT6-Pi-nVenus-Myosin VIII-1 CBD
. Kpnl+BamHI digested pE4713 cloned into
nVenus-Myosin .
pE4734 VIIL-2 CBD Kpnl+BamHI digested pE4731 to make Amp This study
pSAT6-Pi-nVenus-Myosin VIII-2 CBD
: Kpnl+BamHI digested pE4714 cloned into
nVenus-Myosin .
pE4735 VIII-A CBD Kpnl+BamHI digested pE4731 to make Amp This study
pSAT6-Pi-nVenus-Myosin VIII-A CBD
nVenus-Mvosin Kpnl+BamHI digested pE4715 cloned into
pE4736 Y Kpnl+BamHI digested pE4731 to make Amp This study

VIII-B CBD

pSAT6-Pi-nVenus-Myosin VIII-B CBD




nVenus-Myosin

Kpnl+Notl digested pE4725 cloned into

pE4737 XI-K CBD Kpnl+Notl digested pE4731 to make Amp This study
pSAT6-Pi-nVenus-Myosin XI-K CBD
. Ascl digested pE4732 cloned into Ascl
VIrE2-CYFP, | gigested pE4437, to make pPZP-Pi-VirE2- ,
pE4738 | Cerulean-NLS, Spec This study
mCherry-ABD2 cYFP-Pnos-Cerulean-NLS-P355-mCherry-
ABD?2
pSATI-Pi- Xhol (Blunt)/Notl digest§d pE4424 cloned .
pE4739 mCher into Ncol (Blunt)/Nofl digested pE3275 to Amp This study
y make pSAT]1-inducible promoter-mCherry
nVenus-Myosin PI-Pspl digested pE4735 cloned into PI-
VIII-A CBD, Pspl digested pE4738 to make pPZP-Pi-
pE4755 VirE2-cYFP, VirE2-cYFP-Pnos-Cerulean-NLS-P35S- Spec This study
Cerulean-NLS, | mCherry-ABD2-Pi-nVenus-myosin VIII-A
mCherry-ABD2 CBD
nVenus-Myosin PI-Pspl digested pE4736 cloned into PI-
VIII-B CBD, Pspl digested pE4738 to make pPZP-Pi-
pE4756 VirE2-cYFP, VirE2-cYFP-Pnos-Cerulean-NLS-P35S- Spec This study
Cerulean-NLS, mCherry-ABD2-Pi-nVenus-myosin VIII-B
mCherry-ABD2 CBD
nVenus-Myosin PI-Pspl digested pE4737 cloned into PI-
XI-K CBD, Pspl digested pE4738 to make pPZP-Pi-
pE4757 VirE2-cYFP, VirE2-cYFP-Pnos-Cerulean-NLS-P35s- Spec This study
Cerulean-NLS, mCherry-ABD2-Pi-nVenus-myosin XI-K
mCherry-ABD2 CBD
nVenus-Myosin PI-Pspl digested pE4733 cloned into PI-
VIII-1 CBD, Pspl digested pE4738 to make pPZP-Pi-
pE4758 VirE2-cYFP, VirE2-cYFP-Pnos-Cerulean-NLS-P35S- Spec This study
Cerulean-NLS, mCherry-ABD2-Pi-nVenus-myosin VIII-1
mCherry-ABD2 CBD
nVenus-Myosin PI-Pspl digested pE4734 cloned into PI-
VIII-2 CBD, Pspl digested pE4738 to make pPZP-Pi-
pE4759 VirE2-cYFP, VirE2-cYFP-Pnos-Cerulean-NLS-P35S- Spec This study
Cerulean-NLS, mCherry-ABD2-Pi-nVenus-myosin VIII-2
mCherryABD2 CBD
PCR fragment of myc tag (pE3183 as
template) with Ncol and Notl (35S
pE4774 Myc terminator), cloned into EcoRV site of Amp This study
pBlusescript KS+ (pE886) to make
pBS-Myc
Ncol+Notl digested pPBS-Myc cloned into
pE4775 Myc Ncol+Notl digested pE4720, to make Amp This study

Pi-pSAT6-myc




Kpnl+BamHI digested pE4712 cloned into

pE4776 | NV KpulBamHI digested pE4775 to make Amp | This study
pSAT6-Pi-myc-Myosin VIII-1 CBD
. Kpnl+BamHI digested pE4713 cloned into
Myc-Myosin . .
pE4777 VIII-2 CBD Kpnl+BamHI digested pE4775 to make Amp This study
pSAT6-Pi-myc-Myosin VIII-2 CBD
. Kpnl+BamHI digested pE4714 cloned into
Myc-Myosin . .
pE4778 VIII-A CBD Kpnl+BamHI digested pE4775 to make Amp This study
) pSAT6-Pi-myc-Myosin VIII-A CBD
. Kpnl+BamHI digested pE4715 cloned into
Myc-Myosin . .
pE4779 VIII-B CBD Kpnl+BamHI digested pE4775 to make Amp This study
pSAT6-Pi-myc-Myosin VIII-B CBD
. Kpnl+Notl digested pE4725 cloned into
pE4780 Myc-Il<\/IéloBs]1)n Xl Kpnl+Notl digested pE4775 to make Amp This study
pSAT6-Pi-myc-Myosin XI-K CBD
mCherry-Myosin | Ascl digested pE4726 self-ligated to make
pE4781 |  VIII-1 CBD, pPZP-Pnos-Cerulean-NLS-Pi-mCherry- Spec | This study
Cerulean-NLS Myosin VIII-1 CBD
mCherry-Myosin | Ascl digested pE4727 self-ligated to make
pE4782 |  VIII-2 CBD, pPZP-Pnos-Cerulean-NLS-Pi-mCherry- Spec This study
Cerulean-NLS Myosin VIII-2 CBD
mCherry-Myosin | Ascl digested pE4728 self-ligated to make
pE4783 VIII-A CBD, pPZP-Pnos-Cerulean-NLS-Pi-mCherry- Spec This study
Cerulean-NLS Myosin VIII-A CBD
mCherry-Myosin | Ascl digested pE472 self-ligated to make
pE4784 |  VIII-B CBD, pPZP-Pnos-Cerulean-NLS-Pi-mCherry- Spec This study
Cerulean-NLS Myosin VIII-B CBD
mCherry-Myosin | Ascl digested pE4730 self-ligated to make
pE4785 XI-K CBD, pPZP-Pnos-Cerulean-NLS-Pi-mCherry- Spec This study
Cerulean-NLS Myosin XI-K CBD
Myc-Myosin PI-Pspl digested pE4776 cloned into PI-
pE4786 VIII-1 CBD, Pspl digested pE4317 to make pPZP-Pi- Spec This study
VirE2-Venus VirE2-Venus-Pi-myc-myosin VIII-1 CBD
Myc-Myosin PI-Pspl digested pE4777 cloned into PI-
pE4787 VIII-2 CBD, Pspl digested pE4317 to make pPZP-Pi- Spec This study

VirE2-Venus

VirE2-Venus-Pi-myc-myosin VIII-2 CBD




Myc-Myosin PI-Pspl digested pE4778 cloned into PI-
pE4788 VIII-A CBD, Pspl digested pE4317 to make pPZP-Pi- Spec This study
VirE2-Venus VirE2-Venus-Pi-myc-myosin VIII-A CBD
Myc-Myosin PI-Pspl digested pE4779 cloned into PI-
pE4789 VIII-B CBD, Pspl digested pE4317 to make pPZP-Pi- Spec This study
VirE2-Venus VirE2-Venus-Pi-myc-myosin VIII-B CBD
Myc-Myosin XI- PI-Pspl digested pE4780 cloned into PI-
pE4790 K CBD, Pspl digested pE4317 to make pPZP-Pi- Spec This study
VirE2-Venus VirE2-Venus-Pi-myc-myosin XI-K CBD
New inducible Agel+Swal digested pE4754 cloned into
pE4791 \Xomcl)lter Agel+Swal digested pE4731 to make Amp This study
P pSAT6-Pi(New)-nVenus
Smal+BamHI digested pE3447 cloned into
pE4792 | nVenus-Lamin C Smal+BamHI digested pE4791 to make Amp This study
pSAT6-Pi(new)-nVenus-Lamin C
Ncol+Notl digested pE3542 cloned into
pE4814 Venus Ncol+Notl digested pET28a, to make Kan This study
pET28a-Venus
Ncol+Notl digested pE4282 cloned into
pE4815 VirE2-Venus Ncol/+Notl digested pET28a, to make Kan This study
pET28a-VirE2-Venus
. Ncol+BamHI digested pE4776 cloned into
Myc-Myosin . .
pE4816 VIII-1 CBD Ncol+BamHI digested pET28a to make Kan This study
pET28a-myc-myosin VIII-1 CBD
Mve-Mvosin Ncol+BamHI digested pE4777 cloned into
pE4817 Vi]II-2 éBD Ncol+BamHI digested pET28a to make Kan This study
pET28a-myc-myosin VIII-2 CBD
. Ncol+BamHI digested pE4778 cloned into
Myc-Myosin . .
pE4818 VIII-A CBD Ncol+BamHI digested pET28a to make Kan This study
pET28a-myc-myosin VIII-A CBD
Mve-Mvosin Ncol+BamHI digested pE4779 cloned into
pE4819 VIyII-B }CIZBD Ncol+BamHI digested pET28a to make Kan This study
pET28a-myc-myosin VIII-B CBD
. Ncol+Notl digested pE4780 cloned into
pE4820 Myc-Il<\/IéloBs]1)n K- Ncol+Notl digested pET28a to make Kan This study
pET28a-myc-myosin XI-K CBD
Xhol+BamHI digested pE3395 cloned into
pE4821 Myc-VIP1 Xhol+BamHI digested pE4775 to make Pi- Amp This study

pSAT6-myc-VIP1




Ncol+BamHI digested pE4821 cloned into

pE4822 Myc-VIP1 Ncol+BamHI digested pET28a to make Kan This study
pET28a-myc-VIP1
. Ncol+BamHI digested pE4776 cloned into
pE4831 Ga\lﬁ]ﬁl_)l-lé/lggsm Ncol+BamHI digested pE3745 to make Amp This study
pGADT7-myosin VIII-1 CBD
. Ncol+BamHI digested pE4777 cloned into
pE4832 Ga\lﬁ]ﬁl_)z-lé/lg;))sm Ncol+BamHI digested pE3745 to make Amp This study
pGADT7-myosin VIII-2 CBD
. Ncol+BamHI digested pE4778 cloned into
pE4833 Gi}}‘g&%ﬁ;’;m Neol+BamHI digested pE3745 to make Amp | This study
pGADT7-myosin VIII-A CBD
. Ncol+BamHI digested pE4779 cloned into
pE4834 Ga;l/éllﬁgl\é[]};(]))sm Ncol+BamHI digested pE3745 to make Amp This study
pGADT7-myosin VIII-B CBD
. PstI-Blunt+BamHI digested pE3082 cloned
pEA4835 Ga;‘(‘ﬁllz'lc\/g]g“n into EcoR53KT+BamHI digested pE3745 to | Amp | This study
make pGADT7-myosin XI-K CBD
Ncol+BamHI digested pE4821 cloned into
pE4836 | Gal4BD-VIP1 Ncol+BamHI digested pE3745 to make Amp This study
pGADT7-VIP1
Smal+BamHI digested pE4822 cloned into
pE4837 Myc-Lamin C Smal+BamHI digested pE4792 to make Kan This study
pET28a-myc-Lamin C
PCR fragment of Myosin VIII-1 full length
) with Kpnl/BamHI sites, cloned into EcoRV .
pE4843 | Myosin VIII-1 site of pBlusescript KS+ to make pBS- Amp This study
Myosin VIII-1 full length
PCR fragment of Myosin VIII-2 full length
. with Kpnl/Smal sites, cloned into EcoRV .
pE4844 | Myosin VIII-2 site of pBlusescript KS+ to make pBS- Amp This study
Myosin VIII-2 full length
PCR fragment of Myosin VIII-A full length
pEA4845 | Myosin VII-A with Kpnl/BamHI sites, cloned into EcoRV Amp This study

site of pBlusescript KS+ to make pBS-
Myosin VIII-A full length




PCR fragment of Myosin VIII-B full length
with Kpnl/Smal sites, cloned into EcoRV

pE4846 | Myosin VIII-B site of pBlusescript KS+ to make pBS- Amp This study
Myosin VIII-B full length
Kpnl+BamHI digested pE4843 cloned into
pE4847 | Myosin VIII-1 Kpnl+BamHI digested pE3086 to make Amp This study
pSAT6-myosin VIII-1 full length
Kpnl+Smal digested pE4846 cloned into
pE4848 | Myosin VIII-B Kpnl+Smal digested pE3086 to make Amp This study
pSAT6-myosin VIII-B full length
Myc-Myosin Ascl digested pE3542 cloned into Ascl
pE4849 VIII-1 CBD, digested pE4786 to make pPZP-35S-Venus- Spec This study
Venus Pi-myc-myosin VIII-1 CBD
Myc-Myosin Ascl digested pE3542 cloned into Ascl
pE4850 VIII-2 CBD, digested pE4787 to make pPZP-35S-Venus- Spec This study
Venus Pi-myc-myosin VIII-2 CBD
Myc-Myosin Ascl digested pE3542 cloned into Ascl
pE4851 VIII-A CBD, digested pE4788 to make pPZP-35S-Venus- Spec This study
Venus Pi-myc-myosin VIII-A CBD
Myc-Myosin PI-Pspl digested pE4777 cloned into PI-
- Pspl digested pE4292 to make pPZP-Pi-
pE4852 V.HI 2 CBD, p & P P i Spec This study
VirE2-Venus, VirE2-Venus-Pnos-mCherry-ABD2-Pi-
mCherry-ABD2 myc-myosin VIII-2 CBD
Myc-Myosin PI-Pspl digested pE4778 cloned into PI-
- Pspl digested pE4292 to make pPZP-Pi-
pE4853 V.I II-A CBD, p 8 P P ) Spec This study
VirE2-Venus, VirE2-Venus-Pnos-mCherry-ABD2-Pi-
mCherry-ABD2 myc-myosin VIII-A CBD
. PI-Pspl digested pE4847 cloned into PI-
pE4854 Myos}intXHI-l, Pspl digested pE4672 to make pPZP-hpt- Spec This study
P XVE-P3ss-myosin VIII-1 full length
Myc-Myosin PI-Pspl digested pE4776 cloned into PI-
- Pspl digested pE4292 to make pPZP-Pi-
pE4855 V.HI 1 CBD, p 8 P P ) Spec This study
VirE2-Venus, VirE2-Venus-Pnos-mCherry-ABD2-Pi-
mCherry-ABD2 myc-myosin VIII-1 CBD
Myc-Myosin PI-Pspl digested pE4779 cloned into PI-
VIII-B CBD Pspl digested pE4292 to make pPZP-Pi- )
E4856 . ’ S This stud
P VirE2-Venus, VirE2-Venus-Pnos-mCherry-ABD2-Pi- pee 15 SHHEY
mCherry-ABD2 myc-myosin VIII-B CBD




Myosin VIII-B,

PI-Pspl digested pE4848 cloned into PI-

pE4857 ol Pspl digested pE4672 to make pPZP-hptll- Spec This study
P XVE-P35s-myosin VIII-B full length
Kpnl+BamHI digested pE4845 cloned into
pE4858 | Myosin VIII-A Kpnl+BamHI digested pE4515 to make Kan This study
pSATI1-Myosin VIII-A full length
Xhol+BamHI digested pE3129 (PIP2A)
pE4859 PIP2A-Venus cloned into Xhol+BamHI digested pE3758 Amp This study
to make pSAT1-PIP2A-Venus
Mvosin VIILA Ascl digested pE4858 cloned into Ascl
pE4874 Yos;lf;tﬂ A, digested pE4672 to make pPZP-XVE- Spec This study
P355-myosin VIII-A full length
Kpnl+Smal digested pE4844 cloned into
pE4875 | Myosin VIII-2 Kpnl+Smal digested pE4515 to make Kan This study
pSAT1-Myosin VIII-2 full length
Mvosin VIIL2 Ascl digested pE4875 cloned into Ascl
pE4876 yOSZ;tH I digested pE4672 to make pPZP-XVE- Spec This study
P3558-myosin VIII-2 full length
mCherry-Myosin Ascl digested pE4859 cloned into Ascl
pEA877 VIII-1 CBD, digested pE4781 to make pPZP-Pnos- Spec This study
Cerulean, Cerulean-P355-PIP2A-Venus-Pi-mCherry-
PIP2A-Venus myosin VIII-1 CBD
mCherry-Myosin Ascl digested pE4859 cloned into Ascl
pEA487S VIII-A CBD, digested pE4783 to make pPZP-Pnos- Spec This study
Cerulean, Cerulean-P358-PIP2A-Venus-Pi-mCherry-
PIP2A-Venus myosin VIII-A CBD
mCherry-Myosin Ascl digested pE4859 cloned into Ascl
pEA4879 VIII-B CBD, digested pE4784 to make pPZP-Pnos- Spec This study
Cerulean, Cerulean-P355-PIP2A-Venus-Pi-mCherry-
PIP2A-Venus myosin VIII-B CBD
mCherry-Myosin Ascl digested pE4859 cloned into Ascl
PEA4880 XI-K CBD, digested pE4785 to make pPZP-Pnos- Spec This study
Cerulean, Cerulean-P358-PIP2A-Venus-Pi-mCherry-
PIP2A-Venus myosin XI-K CBD
Myc-Myosin XI- PI-Pspl digested pE4780 cloned into PI-
Pspl digested pE4292 to make pPZP-Pi-
pE4889 .K CBD, S{? & P wep ,l Spec This study
VirE2-Venus, VirE2-Venus-Pnos-mCherry-ABD2-Pi-
mCherry-ABD2 myc-myosin XI-K CBD




mCherry-Myosin

Ascl digested pE4859 cloned into Ascl

hptll

XVE-Pi-myosin VIII-2 full length

pE4890 VIII-2 CBD, digested pE4782 to make pPZP-Pnos- Spec This study
Cerulean, Cerulean-P358-PIP2A-Venus-Pi-mCherry-
PIP2A-Venus myosin VIII-2 CBD
. Ascl digested pE4858 cloned into Ascl
M VIII-A :
yosi VA=A, | digested pE4857 to make pPZP-hpt-XVE- .
pE4891 | Myosin VIII-B, ) ) Spec This study
hptll P3558-myosin VIII-B full length-myosin
VIII-A full length
. Ascl digested pE4875 cloned into Ascl
Myosin VIII-2, | gigested pE4857 to make pPZP-hpt-XVE- ,
pE4892 | Myosin VIII-B, ) ) Spec This study
hptIl P3558-myosin VIII-B full length-myosin
VIII-2 full length
Agel+Swal digested pE4848 cloned into
pE4908 | Myosin VIII-B Agel+Swal digested pE4754 to make Amp This study
pSAT6-Pi-myosin VIII-B FL
Swal+BamHI digested pE4847 cloned into
pE4909 | Myosin VIII-1 Swal+BamHI digested pE4754 to make Amp This study
pSATI1-Pi-myosin VIII-1 FL
Kpnl+Smal digested pE4875 cloned into
pE4910 | Myosin VIII-2 Kpnl+Smal digested pE4908 to make Amp This study
pSAT6-Pi-Myosin VIII-2 full length
Kpnl+BamHI digested pE4858 cloned into
pE4911 | Myosin VIII-A Kpnl+BamHI digested pE4909 to make Amp This study
pSATI1-Pi-Myosin VIII-A full length
. Ascl digested pE4909 cloned into Ascl
pE4912 Myos}intXHI-l, digested pE4672 to make pPZP-hptI[-XVE- Spec This study
P Pi-myosin VIII-1 full length
. Ascl digested pE4911 cloned into Ascl
pE4913 Myos}lln ;]]IH_A’ digested pE4672 to make pPZP-hptI[-XVE- Spec This study
P Pi-myosin VIII-A full length
. PI-Pspl digested pE4908 cloned into PI-
pE4914 Myos}lln ;]]HI-B’ Pspl digested pE4672 to make pPZP-hptll- Spec This study
P XVE-Pi-myosin VIII-B full length
. PI-Pspl digested pE4910 cloned into PI-
pE4915 Myosin VIII-2, Pspl digested pE4672 to make pPZP-hptll- Spec This study

Amp, ampicillin; Gent, gentamicin; Kan, kanamycin; Rif, rifampicin; Spec, spectinomycin;

hpt/hptll, hyromycin phosphotransferase II




P35s, CaMV 35S promoter; Pnos, nopaline synthase promoter; Pi, inducible promoter
CBD, cargo binding domain



Supplemental Table 2. Bacterial strains used in this study.
Agrobacterium strains

Stock number

Bacterial host

Plasmid
harbored

Important features

Antibiotic
resistance

Reference

At1872

EHA105AVirE2

Non-polar virE2 deletion of
pTiEHA105

Rif

Gelvin lab strain

At1879

At1872

pBISN2

pBISN2 gusA-intron gene

Kan, Rif, Spec

Gelvin lab strain

At2315

GV3101

pE4726

mCherry-Myosin VIII-1 CBD

VirE2-Venus
Cerulean-NLS

Rif, Spec

This study

At2316

GV3101

pE4727

mCherry-Myosin VIII-2 CBD

VirE2-Venus
Cerulean-NLS

Rif, Spec

This study

At2317

GV3101

pE4728

mCherry-Myosin VIII-A CBD

VirE2-Venus
Cerulean-NLS

Rif, Spec

This study

At2318

GV3101

pE4729

mCherry-Myosin VIII-B CBD

VirE2-Venus
Cerulean-NLS

Rif, Spec

This study

At2319

GV3101

pE4730

mCherry-Myosin XI-K CBD
VirE2-Venus
Cerulean-NLS

Rif, Spec

This study

At2320

GV3101

pE4758

nVenus-Myosin VIII-1 CBD
VirE2-cYFP
Cerulean-NLS
mCherry-ABD2

Rif, Spec

This study

At2321

GV3101

pE4759

nVenus-Myosin VIII-2 CBD
VirE2-cYFP
Cerulean-NLS
mCherryABD2

Rif, Spec

This study




At2322

GV3101

pE4755

nVenus-Myosin VIII-A CBD
VirE2-cYFP
Cerulean-NLS
mCherry-ABD2

Rif, Spec

This study

At2323

GV3101

pE4756

nVenus-Myosin VIII-B CBD
VirE2-cYFP
Cerulean-NLS
mCherry-ABD2

Rif, Spec

This study

At2324

GV3101

pE4757

nVenus-Myosin XI-K CBD
VirE2-cYFP
Cerulean-NLS
mCherry-ABD2

Rif, Spec

This study

At2360

GV3101

pE4672

Binary vector; Aptll

Rif, Spec

This study

At2361

GV3101

pE4854

Myosin VIII-1
hptll

Rif, Spec

This study

At2362

GV3101

pE4857

Myosin VIII-B
hptll

Rif, Spec

This study

At2363

GV3101

pE4874

Myosin VIII-A
hptll

Rif, Spec

This study

At2364

GV3101

pE4876

Myosin VIII-2
hptll

Rif, Spec

This study

At2365

GV3101

pE4852

myc-Myosin VIII-2 CBD
VirE2-Venus
mCherry-ABD2

Rif, Spec

This study

At2366

GV3101

pE4853

myc-Myosin VIII-A CBD
VirE2-Venus
mCherry-ABD2

Rif, Spec

This study

At2367

GV3101

pE4855

myc-Myosin VIII-1 CBD
VirE2-Venus
mCherry-ABD2

Rif, Spec

This study

At2368

GV3101

pE4856

myc-Myosin VIII-B CBD
VirE2-Venus
mCherry-ABD2

Rif, Spec

This study

At2369

GV3101

pE4889

myc-Myosin XI-K CBD
VirE2-Venus
mCherry-ABD2

Rif, Spec

This study

At2370

GV3101

pE4877

mCherry-Myosin VIII-1 CBD
Cerulean
PIP2A-Venus

Rif, Spec

This study




mCherry-Myosin VIII-A CBD

At2371 GV3101 pE4878 Cerulean Rif, Spec This study
PIP2A-Venus
mCherry-Myosin VIII-B CBD
At2372 GV3101 pE4879 Cerulean Rif, Spec This study
PIP2A-Venus
mCherry-Myosin XI-K CBD
At2373 GV3101 pE4880 Cerulean Rif, Spec This study
PIP2A-Venus
mCherry-Myosin VIII-2 CBD
At2374 GV3101 pE4890 Cerulean Rif, Spec This study
PIP2A-Venus
Myosin VIII-A
At2375 GV3101 pE4891 Myosin VIII-B Rif, Spec This study
hptll
Myosin VIII-2
At2376 GV3101 pE4892 Myosin VIII-B Rif, Spec This study
hptll
At2389 GV3101 pE4912 Myosin VIII-1 Rif, Spec This study
hptll
A2390 GV3101 pE4915 Myosin VIII-2 Rif, Spec This study
hptll
A12391 GV3101 pE4913 Myosin VIII-A Rif, Spec This study
hptll
A2392 GV3101 pE4914 Myosin VIII-B Rif, Spec This study
hptll
At2403 At1872 pE3341 pBBR1-MCS2::mCherry Kan This study
At2404 At2403 pE4672 pPZP-RCS-Pnos-hptl] Kan, Spec This study
A£2405 At1872 pE4381 | PPZP-P35s-mCherry-intron- Spec This study

NLS




Myc-Myosin VIII-1 CBD . .
At2423 GV3101 pE4786 VirE2-Venus Rif, Spec This study
Myc-Myosin VIII-2 CBD . .
At2424 GV3101 pE4787 VirE2-Venus Rif, Spec This study
Myc-Myosin VIII-A CBD . .
At2425 GV3101 pE4788 VirE2-Venus Rif, Spec This study
Myc-Myosin VIII-B CBD . .
At2426 GV3101 pE4789 VirE2-Venus Rif, Spec This study
Myc-Myosin XI-K CBD . .
At2427 GV3101 pE4790 VirE2-Venus Rif, Spec This study
At2428 GV3101 pE4850 Myc-Myosin VIII-2 CBD Rif, Spec This study
Venus
Kan, kanamycin; Rif, rifampicin; Spec, spectinomycin
CBD, cargo binding domain; FL, full-length
E. coli strains
Stock Host Description of strain An?lbwtlc Reference
number resistance
E4823 BL21(DE3) pE4814 in BL21DE3 Kan This study
E4824 BL21(DE3) pE4815 in BL21DE3 Kan This study
E4825 BL21(DE3) pE4816 in BL21DE3 Kan This study
E4826 BL21(DE3) pE4817 in BL21DE3 Kan This study
E4827 BL21(DE3) pE4818 in BL21DE3 Kan This study
E4828 BL21(DE3) pE4819 in BL21DE3 Kan This study
E4829 BL21(DE3) pE4820 in BL21DE3 Kan This study
E4830 BL21(DE3) pE4822 in BL21DE3 Kan This study
F" merA A(mrr-hsdRMS-mcrBC)
80 lacZAMI1S5A lacX74 recAl .
Topl N/A ? St Invit
op10 arah139A(ara-lew)7697 galU f fvitrogent
galK rpsL (StrR) endA1 nupG
— Studier and
BL21(DE3) N/A E. coli BEdem ompT hsdS None Moffatt,




Kan, kanamycin; Str, streptomycin; N/A, not applicable

Supplemental Table 3. Primers used in this study.

Purpose

Forward primer

Reverse primer

myosin
cDNA
amplification

VIII-1 CBD

5’-CCGGGGTACCAAAGCATCA

GTACTTTCCGAGCT-3’

5’-CCGCGGATCCTCAATACC
TGGTGCTATTTCTCC-3’

VIII-2 CBD

5’-CCGGGGTACCTCTATGT
CTGATCTCCAGAAACG-3’

5’-CCGCGGATCCCTAGCC
TCTTTTTCCCCACCA-3’

VIII-A CBD

5’-CCGGGGTACCTATCTTT
CCGATCTTCAGCGT-3’

5’-CCGCGGATCCTTAATACC
TAGTACTCCTCAACCTC-3’

VIII-B CBD

5’-CCGGGGTACCGTTCTTG
CTGATCTCCAGAGCC-3°

5’-CCGCGGATCCTCAATAAC
TTTTCTTGCACCACCAA-3’

XI-K CBD

5’-CCGGGGTACCGCAAGG
AAAGCTATTGAAGAAGC-3’

5’-CCGCGGATCCTTACGAT
GTACTGCCTTCTTTAC-3”

VIII-1 FL

5’-AATTGGTACCATGTCTC
AGAAGGTTACTCCATT-3’

5’-TTAAGGATCCTCAATAC
CTGGTGCTATTTCTCC-3’

VIII-2 FL

5’-AATTGGTACCATGATGT
TATCGGCATCGCCGAAC-3’

5’-TTAACCCGGGCTAGCCT
CTTTTTCCCCACCA-3’

VIII-A FL

5’-AATTGGTACCATGGCAC
ACAAGGTTAAGGCATC-3’

5>-TTAAGGATCCTTAATAC
CTAGTACTCCTCAACCTC-3’

VIII-B FL

5’-AATTGGTACCATGATGA
AAAGTTCAGTGAAGG-¥’

5’-TTAACCCGGGTCAATAA
CTTTTCTTGCACCACC-3’




Purpose

Forward primer

Reverse primer

Plant

genotyping
Myosin VIII-1 5’-TTCGTGTGAACGTTGA 5’-TCCAGCTTGAATAGAT
TTCTG-3’ GACGG-3°
Myosin VIII-2 5’-CTGAGTTCAGGAGTGT 5’-TGTACCTCCGAACTGGA
TTCCG-3° CAAG-3’
Myosin VIII-A 5’-AGGTTGTACAACACTG 5’-ACGAGAAATGGTCTTGT
CTGGC-3° GCTG-3
Myosin VIII-B 5’-AGTAAAGCAGGGCCA 5’-CTACACTTTGCTTCAGC
GTTTTG-3’ AGGG-3’
Myosin XI-1 5>-TCAAAACGTTGAACTA 5’- TTGTTTGGACGGGTATC
ACCGG-¥’ TCAG-3’
Myosin XI-2 5’-GTGCTCCCGAAGATCC 5’-CAGTGCAACCACATGAA
TATT-3’ GATG-3’
Myosin XI-B 5’-CAGAAGCAACCCACTT 5’-GCTACCGAAGGAAGGAC
CAGTC-3’ TGTC-3’
Myosin XI-C 5’-TTATGATCACACCCGA 5’-AAAGACCCACAACAAAG
GGAAG-¥ GGAC-3°
Myosin XI-H 5’-AAATGCTTGAGCTGGA 5>-TGCCCTGATTTTTCATT
ACATG -3’ TGTC-3’
Myosin XI-J 5’-CTCACCTTGCAAAGTG 5’-CTCAACTTGCAATAAGG
GAGTC-3’ CCTG-3°
Myosin XI-E 5’-TTGGGATGACCCAACT 5’-GCCTGGAATACACTGAA
TGTAC-3’ GCTG-3
Myosin XI-I 5’-TTCTGCAATTTCAATT 5’-CAGCAGACTTCTCCTTC
CAGGC-3° ATGG-3’
Myosin XI-K 5’-GGGTAGCAAGATACTC 5’-GCAAGAGCAACTCAATT
CTCGG-3° CTGG-3
Salk T-DNA 5’-TGGTTCACGTAGTGGG
left border CCATCG-3’

CBD, cargo binding domain; FL, full-length
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Supplemental Figure S1. Most myosin VIII and myosin XI single mutants are not deficient in stable
transformation. Root segments from the indicated Arabidopsis myosin VIII or myosin XI single
mutants, as well as control wild-type plants, were infected with the tumorigenic strain 4. tumefaciens
A208 at the concentration of 10® cfu/ml and the tumors were scored after 30 days of infection. A total of
10-15 plants and >100 segments per plant were tested for stable transformation. Values given are means
+ SE. No significant differences were observed compared to wild-type plants.
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Supplemental Figure S2. Growth and morphology of wild-type and higher order myosin VIII and XI mutant plants. (A) Roots; (B)
Above-ground tissues.
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Supplemental Figure S3. Effect on
transformation of expressing full-length
myosin cDNAs in wild-type and myosin
VIII-1/2/a/b mutant plants. Root segments
of five transgenic plants of each independent
line, expressing the indicated myosin VIII
cDNAs in the indicated genetic backgrounds,
were infected with A. tumefaciens At849
containing the binary vector pBISN1 with a
gusA-intron gene in the T-DNA region, at 107
cfu/ml. Six days after infection the root
segments were stained with X-gluc and the
percentage of roots showing GUS activity
was calculated. (A) myosin VIII-1 cDNA;
(B) myosin VIII-2 cDNA; (C) myosin VIII-A
cDNA; (D) myosin VIII-B cDNA. Each bar
indicates the mean of five plants and >100
root segments/plant + SE for each transgenic
line. Asterisks indicate significant differences
of the indicated myosin VIII cDNA transgenic
plant compared with plants harboring an
empty vector (EV). L, Independent
transgenic line.

[t-test, *P <0.05; **P <0.01].
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o 0% T T 1 o oM T T < NS XS = indicated genetic backgrounds, treated with
e line1 line2 line3 ' ' i i 2 (G X QI HH»H . )
=S inet line2 line 2 line1 line2 line3 S TN RS B-estradiol or control solution for 24 hr, then

infected with 4. tumefaciens At849

Inducible myosin VIiI-A cDNA D Inducible myosin VIIi-1 cDNA containing the binary vector pBISN1 with a
2 2 Z 40 Myosin Vill-1/2/a/b > Col-0 gusA-intron gene in the T-DNA region, at
% 601 myosin Vill-1/2/a/b % 100 - Col-0 2 o xx KX oxx = 60- i 107 cfu/ml. Six days after infection the root
g g o I @ T b ] T = segments were stained with X-gluc and the
3 fokgx kx XK g 5 807 i I:s B 30+ a percentage of roots showing GUS activity
= 40+ i i 2 i 2 ‘_2 40 - was calculated. (A) myosin VIII-1 cDNA,;
5 g 607 Z 204 g (B) myosin VIII-2 ¢cDNA; (C) myosin VIII-A
.2 "2 40 g o cDNA; (D) myosin VIII-B cDNA. Each bar
£ 20+ 2 g . 3 20 indicates the mean of five plants and >100
5 E
3 S 20- o > root segments/plant + SE for each
g bt s 4 transgenic  line.  Asterisks  indicate
o 0- NI g 0- J AN g 00— r—"1 1 g 0- significant differences of the indicated
X FEFEFEE = « ﬁ\(@(’" & X Q\(‘é\ &\é" &\é"’ g\&b‘ N @\é\ \1\0& \\Qéb g\&b‘ myosin  VIII cDNA transgenic plant

compared with plants treated with control
solution. [¢-test, *P <0.05; **P <0.01].
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Supplemental Figure S5. Effect on
transformation of expressing pairs of
full-length myosin cDNAs in wild-
type and myosin VIII-1/2/a/b mutant
plants. Root segments of five
transgenic plants of each independent
line, expressing the indicated single and
pairs of myosin VIII cDNAs in the
indicated genetic backgrounds, were
infected with A. tumefaciens At849 as
mentioned above. The percentage of
roots showing GUS activity was
calculated. (A) myosin VIII-2, myosin
VIII-B, and myosin VIII-2+VIII-B
cDNAs in the myosin VIII-1/2/a/b
mutant; (B) myosin VIII-2, myosin VIII-
B, and myosin VIII-2+VIII-B cDNAs in
Col-0; (C) myosin VIII-A, myosin VIII-
B, and myosin VIII-A+VIII-B cDNAs in
the myosin VIII-1/2/a/b mutant; (D)
myosin VIII-A, myosin VIII-B, and
myosin VIII-A+VIII-B cDNAs in Col-0.
Each bar indicates the mean of five
plants and >100 root segments/plant +
SE for each transgenic line. Except
where otherwise indicated, asterisks
indicate significant differences of the
indicated myosin VIII cDNA transgenic
plant compared with plants harboring
an empty vector.

[¢-test, *P <0.05; **P<0.01].
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Supplemental Figure S6. Inducible expression of myosin VIII,
but not myosin XI-K, CBDs inhibits transformation. Root
segments of transgenic plants of each independent line,
expressing the indicated inducible myosin VIII or myosin XI-K
CBD cDNA, were treated with -estradiol or control solution for
24 hr, then infected with A. tumefaciens At849 containing the
binary vector pBISN1 with a gusA4-intron gene in the T-DNA
region, at the indicated 106, 107 and 108 cfu/ml. Six days after
infection the root segments were stained with X-gluc and the
percentage of roots showing GUS activity was calculated. (A)
myosin VIII-1 CBD; (B) myosin VIII-2 CBD; (C) myosin VIII-A
CBD; (D) myosin VIII-B CBD; (E) myosin XI-K CBD. Each
bar indicates the mean of five plants and >100 root
segments/plant + SE for each transgenic line. Asterisks indicate
significant differences of the indicated myosin VIII cDNA
transgenic plant compared with plants treated with control solution.
[¢-test, *P < 0.05; **P <0.01].
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Pi-VirE2-Venus and FM4-64

Supplemental Figure S7. Lack of co-localization of
VirE2-Venus and FM4-64. (A) Inducible VirE2-Venus
transgenic plants were treated with -estradiol for 8 hr, then
the root cells were stained with FM4-64 for 5 minutes before
imaging. The Z-stack image was taken using a Zesis LSM
880 Upright Confocal Plan-Apo microscope with a 20x/0.8
objective. (B) Pearson’s and overlap correlations of Venus
and red FM4-64 fluorescence. A total of 10-15 transgenic
lines and >50 cells were used for quantitative analysis using
Image J. Values <0.5 indicate lack of co-localization of the
two proteins.
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Supplemental Figure S8. Subcellular localization of VirE2-Venus in transgenic plants. (A)
Inducible VirE2-Venus expressed in wild-type plants. (B) Inducible VirE2-Venus expressed in
myosin VIII-1/2/a/b quadruple mutant plants. Roots from three independent transgenic plants
were treated with B-estradiol for 8 hr, and the images were taken using a Zesis LSM 880 Upright
Confocal Plan-Apo microscope with a 20x/0.8 objective.
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Supplemental Figure S9. Myosin VIII CBDs
colocalize with the plasma membrane marker
PIP2A. (A) Transgenic Arabidopsis plant roots
that inducibly express an mCherry-myosin VIII-
1 CBD and constitutively express PIP2A-Venus.
(B) Transgenic Arabidopsis plants roots that
inducibly express an mCherry-myosin VIII-2
CBD and constitutively express PIP2A-Venus.
(C) Transgenic Arabidopsis plants roots that
inducibly express an mCherry-myosin VIII-A
CBD and constitutively express PIP2A-Venus. A
total of 10 independent transgenic lines were
treated with [-estradiol for 8 hr, and
representative images were taken using a Zesis
LSM 880 Upright Confocal Plan-Apo
microscope with a 20x/0.8 objective.



Supplemental Figure S10. VirE2 re-localizes to the perinuclear area after infection by an Agrobacterium strain that can
transfer T-DNA. VirE2-Venus transgenic plants were treated with 5 uM B-estradiol for 24 hr. Root segments were inoculated with
108 cfu/ml of the virE2 mutant strain A. tumefaciens At1872 (A) lacking or (B) containing a T-DNA region. Images of the elongation
zone of the root were taken 8 hr after infection using a Zesis LSM 880 Upright Confocal microscope with a Plan-Apo 20x/0.8
objective. Statistical analysis of VirE2 localization is shown in Figure 11A. Red arrows indicate several examples of perinuclear
VirE2-Venus. Bars indicate 50 um.



Supplemental Figure S11. Infection of root cells with an Agrobacterium strain capable of transferring T-DNA re-localizes VirE2-Venus from the
cellular periphery into the cytoplasm. Transgenic plants inducibly expressing VirE2-Venus were treated with 5 uM B-estradiol for 24 hr, then inoculated with
108 cfu/ml of the virE2 mutant strain A. tumefaciens At1872 without (left panel) or with (right panel) T-DNA. The Agrobacterium cells also expressed an
mCherry protein. Z-stack images of cells in the root elongation zone were taken after 8 hr of infection using a Zesis LSM 880 Upright Confocal Plan-Apo
microscope using a 20x/0.8 objective.




Supplemental Figure S12. Infection of root cells with an Agrobacterium strain capable of transferring T-DNA does not re-localize VirE2-Venus from
the cellular periphery into the cytoplasm when the myosin VIII-1 CBD is expressed. Transgenic plants inducibly expressing the myosin VIII-1 CBD and
VirE2-Venus were treated with 5 uM B-estradiol for 24 hr, then inoculated with 108 cfu/ml of the virE2 mutant strain A. tumefaciens At1872 without (left panel)
or with (right panel) T-DNA. Z-stack images of cells in the root elongation zone were taken after 8 hr of infection using a Zesis LSM 880 Upright Confocal
Plan-Apo microscope using a 20x/0.8 objective.




Supplemental Figure S13. Infection of root cells expressing the myosin VIII-2 CBD with an Agrobacterium strain capable of transferring T-DNA re-
localizes VirE2-Venus from the cellular periphery into the cytoplasm. Transgenic plants inducibly expressing the myosin VIII-2 CBD and VirE2-Venus
were treated with 5 uM B-estradiol for 24 hr, then inoculated with 108 cfu/ml of the virE2 mutant strain A. tumefaciens At1872 without (left panel) or with (right
panel) T-DNA. Z-stack images of cells in the root elongation zone were taken after 8 hr of infection using a Zesis LSM 880 Upright Confocal Plan-Apo

microscope using a 20x/0.8 objective.




Supplemental Figure S14. Infection of root cells expressing the myosin VIII-A CBD with an Agrobacterium strain capable of transferring T-DNA re-
localizes VirE2-Venus from the cellular periphery into the cytoplasm. Transgenic plants inducibly expressing the myosin VIII-A CBD and VirE2-Venus
were treated with 5 uM B-estradiol for 24 hr, then inoculated with 108 cfu/ml of the virE2 mutant strain A. tumefaciens At1872 without (left panel) or with (right
panel) T-DNA. Z-stack images of cells in the root elongation zone were taken after 8 hr of infection using a Zesis LSM 880 Upright Confocal Plan-Apo

microscope using a 20x/0.8 objective.




Supplemental Figure S15. Infection of root cells expressing the myosin VIII-B CBD with an Agrobacterium strain capable of transferring T-DNA re-
localizes VirE2-Venus from the cellular periphery into the cytoplasm. Transgenic plants inducibly expressing the myosin VIII-B CBD and VirE2-Venus
were treated with 5 uM B-estradiol for 24 hr, then inoculated with 108 cfu/ml of the virE2 mutant strain A. tumefaciens At1872 without (left panel) or with (right
panel) T-DNA. Z-stack images of cells in the root elongation zone were taken after 8 hr of infection using a Zesis LSM 880 Upright Confocal Plan-Apo

microscope using a 20x/0.8 objective.




Supplemental Figure S16. Expression of the myosin XI-K CBD does not affect VirE2-Venus localization upon infection by Agrobacterium. Transgenic
plants inducibly expressing the myosin XI-K CBD and VirE2-Venus were treated with 5 uM B-estradiol for 24 hr, then inoculated with 108 cfu/ml of the virE2
mutant strain 4. tumefaciens At1872 without (left panel) or with (right panel) T-DNA. Z-stack images of cells in the root elongation zone were taken after 8 hr
of infection using a Zesis LSM 880 Upright Confocal Plan-Apo microscope using a 20x/0.8 objective.
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Supplemental Figure 17. Expression of the myosin XI-K CBD inhibits movement of VirE2-Venus. Transgenic plants inducibly expressing Myc-myosin
XI-K CBD and VirE2-Venus were treated with 5 uM B-estradiol for 24 hr. Root segments were inoculated with 108 cfu/ml of the virE2 mutant strain A.
tumefaciens At2405 harboring a T-DNA which constitutively expressed mCherry-NLS (to mark nucleus of transformed cells) (right panel) or without T-DNA
(left panel). Time lapse images were taken after 24 hr of infection using a Zesis LSM 880 Upright Confocal Plan-Apo microscope with a 20x/0.8 objective.
White arrows indicate nuclei, yellow arrow indicates a non-transformed cell. Bars indicate 50 pm.
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