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Figure S1 — Measuring the size of CCVs in replica SEM images. (Related to Figure 2).

A) Example CCSs captured by SEM of Arabidopsis protoplast metal replicas. B) Line ROIs
draw over the diameter of each clearly identify CCS (yellow lines). Scale bar = 100 nm. C) Fiji
ROI manager, the red rectangle highlights the measure button used to determine the length of
all the ROIs. D) The results of the ROI measurements, the red rectangle highlights the length

column of the ROls.
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Figure S2 — Comparison of quality of TIRF-M images. (Related to Figures 3, 4 and 5).

Representative TIRF-M image of the epidermal root cells expressing CLC2-GFP. A) shows a
good example where the image has a uniform field of illumination across the whole image, and
there is an absence of static auto fluorescent signals. Poor examples of TIRF-M images; B)
shows image where the TIRF angle is not correctly set, and HILO/VAEM is being used. It is
evident based on the non-uniformity of penetration depth of the illumination (white triangle
indicates the increase in z penetration), C) shows an out of focus image, D) shows a cell without
a flat contact on the coverslip (red dashed line depicts out of contact areas), additionally red
arrows note static autofluorescence signals in the field of view, E) shows an image with static
autofluorescence signals in the field of view (red arrows), F) shows and image where there is
interference of the TIRF-M illumination producing a uniform image of the PM (red-dashed
line) and F). Scale bar =5 um.
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Figure S3 — Comparison of the membrane internalization using FM4-64 and FM1-43.
(Related to Figure 6).

A) Chemical structure of FM1-43. B) The fluorescent spectra of FM1-43 (adapted from
ThermoFisher bioscience Fluorescence SpectraViewer). C) Representative confocal images of
epidermal root cells incubated with FM4-64 and FM1-43. Scale bar = 20 um. D) Quantification
of FM uptake as determined by the ratio of PM and intra-cellular signal. Plots are mean +/-
SEM. N, FM4-64 = 6 individual seedlings, 231 cells; FM1-43 = 6 individual seedlings, 139
cells. T-test, p-value = 0.3501.
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Figure S4 — Effect of Dyngo 4a on CLC-GFP Dynamics.

A) Example of TIRF-M images from the root epidermal cells expressing CLC2-GFP;
comparison of mock (DMSQ) (upper row) and treatment (Dyngo 4a (D4a), 30uM, 15 min)
(lower row). Representative kymographs show the effect of treatment on the PM dynamics of
CLC2-GFP. Scale bar = 5 um. B) Quantification results from combined data of persistent
tracks. Plots are mean +/- SEM. N, DMSO = 6 cells from independent roots, 4491 tracks;
Dyngo 4a = 6 cells from independent roots, 4700 tracks. T-test, p-value = 0.0217.
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Transmitted Light

FM 1-43

Dyngo 4a DMSO @© Dyngo 4a

Figure S5 —-Dyngo 4a absorbs FM1-43 and FM 4-64 emission. (Related to Figure 6).
Representative confocal images of the epidermal root cells, using the same microscope settings,
incubated in control (DMSQ) or Dyngo 4a (15 mins 30 uM) conditions in the presence of A)
FM1-43 or B) FM4-64 membrane dyes. Scale bars = 20 um.
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Figure S6 — Comparison of FM cell selection and segmentation. (Related to Figure 6).

A) Examples of poor z plane selection of FM images for analysis. A good example is shown
on the left. The bad example (right) has dark black holes in the middles of the cell (red-dashed
line outlines the vacuole, image in the middle). The yellow rectangle notes the zoomed in
region of the example. B) Representative confocal image of the epidermal root cells incubated
with FM4-64 and segmented images with a different threshold. If the threshold for the
segmentation of the raw image (on the left) is set incorrectly, the edges of the cells have a lot
of prominences (red arrows, middle image). The correct threshold will approximate the outlines
to the actual shape of the cells (red arrows, right image). It is important to select only cells
which are completely separated and do not interact with the outlines of neighboring cells. Scale
bars = 20 pm.

C
9o
)

©

£
jw
L
£

)

|

©
-+

C

()

£
Q

o

o

=}
wn

(]

(O]

O

[
Q

O
wn
ko]
©)
Y-

(0]
©

[

fe

>

(®)
=



J. Cell Sci.: doi:10.1242/jcs.248062: Supplementary information

1 - Plants are grown at a slight angle

THTTER
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Figure S7
(1-9) Photos of TIRF-M sample preparation. (10-12) photos of FM sample preparation
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Supplemental Tables

EM TIRE-M Confocal
Resin Metal Spinning Disk CLSM
Sections | Replica
Effective 4,4,40- | 4,4,0* 200, 200, 100 200, 200, ~500 200, 200, 500
resolution 70
nm (x,y,2)
Speed Fixed Fixed Fastest Fast Slow
Florescence - - High Low Low
Sensitivity
CME Extreme Hard Hard Easy Easy
Sample
prep ease
Best Ultrastructural Cell surface imaging Global uptake
Application analysis assays
Major Pro Resolution High signal to Can image any tissue type
noise ratio on cell
surface
Major Con Fixed Only cell surface Low sensitivity for EAPs

* There is not effective z resolution, as the image is of the surface of the replica.

Table S1 — Comparison of the selected plant CME imaging technologies
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Protein Tag AGI Full Construct Background/ | Functionality References
number Ecotype
AP2A1 GFP AT5G22770 p35s::AP2A1-GFP Col-0 - (Di Rubbo et al., 2013)
AP2A1 YFP | AT5G22770 p35s::AP2A1-YFP Col-0 - (Kim et al., 2013)
AP2Al1 | tagRFP | AT5G22770 pRPS5A::AP2Al- Col-0 - (Di Rubbo et al., 2013)
mTagRFP
AP2M GFP At4946630 pAP2M-AP2M-GFP ap2m Complements the (Yamaoka et al., 2013)
significant FM4-
64 internalization
defect of ap2m
AP2M YFP At4946630 pAP2M-AP2M-GFP m2-1/Col-0 | Complements the (Bashline et al., 2013)
significant FM4-
64 internalization
defect of m2-1
AP2S GFP At1g47830 pAP2S::AP2s-GFP ap2s Full rescue of the (Fan et al., 2013)
developmental
defects of ap2s
AP2S | mCherry | Atlg47830 pAP2S::AP2s-mCherry Col-0 - (Fan et al., 2013)
CHC1 GFP | AT3G11130 pRPS5A::CHC1-GFP Col-0 - (Dejonghe et al., 2016, Di
Rubbo et al., 2013)
CLC1 GFP | AT2G20760 pCLC1::CLC1-GFP Col-0 - (Di Rubbo et al., 2013)
CLC2 | mOrange | AT2G40060 pCLC2::CLC2-mOrg WS and Col- - WS (Konopka et al., 2008);
0 Col-0 (Dejonghe et al., 2016)
CLC2 GFP AT2G40060 pCLC2::CLC2-GFP WS and Col- - WS (Konopka et al., 2008);
0 Col-0 (Di Rubbo et al., 2013,
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Fan et al., 2013, Dejonghe et
al., 2016)
CLC2 GFP | AT2G40060 pPRPS5A::CHC2-GFP Col-0 - (Ortiz-Morea et al., 2016)
CLC2 | mCherry | AT2G40060 p35s-::CLC2-mCherry Col-0 - (Van Damme et al., 2011)
CLC2 tagRFP | AT2G40060 | RPS5Ap::CLC2-TagRFP Col-0 - (Gadeyne et al., 2014)
CLC3 GFP | AT3G51890 pCLC3::CLC3-GFP Col-0 - (Di Rubbo et al., 2013)
Drpla | mOrange | AT5G42080 | pDrpla::Drpla-mOrange | drpla-2/WS | Complements the (Konopka and Bednarek,
infertility of 2008)
drpla mutant
Drpla RFP AT5G42080 p35s::Drpla-mRFP1 drpla/Col-0 Rescue of the (Fujimoto et al., 2008,
developmental Mravec et al., 2011)
phenotypes of
drpla mutant
plants
Drplc GFP | AT1G14830 pDrplc::Drplc-GFP drplc-1/WS Rescue of the (Konopka et al., 2008)
development of
drpl1C-1 pollen
Drp2a GFP AT1G10290 pDrp2a::Drp2a-GFP Col-0 - (Huang et al., 2015)
Drp2b | tagRFP | AT1G59610 | pDrp2b::Drp2b-tagRFP Col-0 - (Huang et al., 2015)
Drp2b GFP AT1G59610 p35s::Drp2b-GFP Col-0 - (Fujimoto et al., 2008)
TPLATE GFP AT3G01780 | pTPLATE:: TPLATE-GFP | tplate/Col-0 Rescue of the (Gadeyne et al., 2014)
homozygous
tplate mutant
TML GFP AT5G57460 pTML::TML-GFP tml-1/Col-0 Rescue of the (Gadeyne et al., 2014)
male transmission
failure of both
tml-1/tml-2
mutant allele
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TML YFP AT5G57460 pTML::TML-YFP tml-1/Col-0 Rescue of the (Gadeyne et al., 2014)
male transmission
failure of both
tml-1/tml-2
mutant allele
LOLITA GFP AT1G15370 p35s::LOLITA-GFP Col-0 - (Gadeyne et al., 2014)
TWD40- GFP | AT5G24710 p35s:: TWD40-2-GFP Col-0 - (Gadeyne et al., 2014)
2
TWDA40- GFP AT5G24710 | pTWD40-2::GFP-TWD40- | twd40-2-3/ Rescue of the (Bashline et al., 2015)
2 2 Col-0 growth defects of
twd40-2-3
TASH3 GFP | AT2G07360 p35s:: TASH3-GFP Col-0 - (Gadeyne et al., 2014)
atEH1 GFP | AT1G20760 p35s::atEH1-GFP Col-0 - (Gadeyne et al., 2014)
atEH2 GFP | AT1G21630 p35s::atEH2-GFP Col-0 - (Gadeyne et al., 2014)

Table S2 — Examples of key published Fluorescent clathrin and EAP markers lines
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Table S2 — Published Fluorescent clathrin and EAP markers lines

Drug Effect Mechanism Notes Plant Ref
Tissue
Tested
Dynasore | Inhibited Dynamin Reported off tagged | Nicotiana (Sharfman et
cargo GTPase effects on benthamiana | al., 2011)
internalization | inhibitor membrane ruffling
Dyngo 4a | Prolonged Dynamin Absorbs light 500- | Seedlings, (Hunter et al.,
CLC2 GTPase 700 nm, therefore | Nicotiana 2019, Zhang
lifetime, inhibitor not suitable for red | benthamiana | et al., 2017)
reduced imaging and Figure S5
fixable FM
uptake, block
cargo uptake
ES9 Very strong Binds CHC | Itis a protonophore | Seedlings (Dejonghe et
block of FM al., 2016)
uptake,
prolonged cell
surface
lifetime of
EAPs
ES9-17 Very strong Binds CHC | Targets CHC, Seedlings (Dejonghe et
block of FM which is involved al., 2019)
uptake, in other clathrin
prolonged cell mediated processes
surface
lifetime of
EAPs
IKA Reduced FM | Unknown Appears to be Seedlings, (Bandmann et
uptake, specific for CME, Pollen Tube, | al., 2012,
prolonged cell however caution BY2 cells Elkin et al.,
surface should be used as 2016,
lifetime of its mechanistic Moscatelli et
EAPs function is al., 2007) and
unknown Figures 7 and
8
Pitstop-2 | Reduced FM | Disrupts Not CME specific | Seedlings (Dejonghe et
uptake clathrin and did not effect al., 2019,
interactions | block Dutta et al.,
internalization of 2012, von
cargo Kleist et al.,
2011)

Table S3 — Chemical inhibitors of plant CME
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Protein Gene AGI Function in Modification Phenotype Tissue References
number CME
Clathrin CHC1 | AT3G11130 Formation of pPINTAM>>RFP- Endocytic defect Root, BY-2 (Dhonukshe et al.,
clathrin triskelion HUB1 (inhibition of FM4-64 cells 2007),
internalization) (Taharaetal.,
2007),
(Robert et al.,
2010) , (Kitakura et
al., 2011)
AP-2 AP2A1 | AT5G22770 | Adaptor complex AP2A-RNAI Endocytic defect Root (Di Rubbo et al.,
AP2A2 | AT5G22780 | that interacts with (inhibition of FM4-64 2013)
the membrane, internalization in root
clathrin, and epidermal cells)
AP2M | AT5G46630 | CME accessory AP2MAC Endocytic defect Root (Di Rubbo et al.,
proteins and (inhibition of FM4-64 2013), (Owen and
cargo internalization in root Evans, 1998)
epidermal cells, defect
in formation of BFA
bodies)
AP180 AP180 | AT1G05020 | Adaptor protein At- No showed effect in Cell (Barth and
involved in API180AENTH vitro suspension Holstein, 2004)
clathrin-mediated | truncated version cultures of A.
endocytosis thaliana
Dynamins | DRP1A | AT5G42080 | CCV scission K47A point Longer CLC lifetime Root (Yoshinari et al.,
from PM / mutation in 2016)
Putative role in | GTPase domain
DRP2A | AT1G10290 | CCV scission Inducible Strep- Endocytic defect Root (Taylor et al., 2011)
DRP2A-K51E (reduced endocytosis
DRP2B | AT1G59610 Inducible Strep- | in root hairs; bulging
DRP2B-K51E of the tip of root hairs,
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and bursting of root
hairs at the very tip)
Mutant cannot
complement the knock

(inhibition of FM4-64

internalization, defect

in formation of BFA
bodies)

-out phenotype
DRP1E | AT3G60190 Potentially P77L point gain-of-function Root (Tang et al., 2006)
involved in CCV mutation in phenotype
scission from PM | GTPase domain
Auxilin | AUXILIN- | AT4G12780 Negative XVE»AUXILIN- | Block of endocytosis Root (Adamowski et al.,
LIKEL regulation of LIKE1/2 after the initial step by 2018, Ortiz-Morea
endocytosis inhibition of et al., 2016)
recruitment of clathrin
TPLATE TML AT5G57460 TPLATE Truncated TML Endocytic defect Root (Gadeyne et al.,
complex complex subunit TMLAC (inhibition of FM4-64 2014)
involved in amiR-TML internalization, defect
clathrin mediated in formation of BFA
endocytosis. bodies, reduction in
TPC complex size)
TPLATE | AT3G01780 amiR-TPLATE Endocytic defect

Table S4 — Published genetic manipulations of plant CME
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cargo pathway must
be known

FM Photoconvertible BFA
fluorophore (e.g.,
Dendra)
Tissue tested | Protoplasts and Plants Protoplasts and
plants plants
Ease Application/incu | Requires cloning and | Application/inc
bation of dye transformation ubation of
compound
Specificity Not specific for | Dependent on cargo Dependent on
CME, but total studied cargo studied
PM
internalization
Pros Rapid and direct | Specific for a certain Rapid to
measure of PM cargo establish assay
endocytosis
Cons Not specific for Takes time to Anrtificial BFA
CME generate material and body

Table S5 — Summary of example global uptake methods
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Protein Gene | AGI number Phenotype References
Clathrin chcl AT3G11130 | Reduced rates of endocytosis and | (Alonso et al.,
defects clathrin mediated 2003),
exocytosis (Kitakura et
chc2 AT3G08530 | Reduced rates of endocytosis and al., 2011),
defects clathrin mediated (Larson et al.,
exocytosis 2017)
clcl AT2G40060 | In homozigous form pollenisnot | (Alonso et al.,
viable 2003), (Wang
clc2 AT2G20760 | Numerous developmental defects etal., 2013)
clc3 AT3G51890 | Numerous developmental defects
AP-2 ap2m AT5G46630 Showed many developmental (Alonso et al.,
defects, including abnormal 2003),
phyllotaxis, an increase in the (Bashline et
number of shoots and branches, | al., 2013, Kim
smaller leaves, an increase in the etal., 2013,
leaf number, and shorter root hairs | Yamaoka et
al., 2013)
ap2s AT1G47830 Localization and dynamics of (Alonso et al.,
CLC-EGFP are altered 2003), (Fan et
al., 2013)
AP180 ap180 AT2G25430 No obvious growth or (Alonso et al.,
developmental defects were 2003), (Kaneda
observed etal., 2019)
Dynamins drpla AT5G42080 Inhibits fertilization due to (Alonso et al.,
maternal sporophytic defect 2003), (Kang
et al., 2003a)
drplc AT1G14830 | Homozygous lethal (disrupts post- | (Kang et al.,
meiotic pollen development) 2003b)
drple AT3G60190 Null mutants have defects of cell | (Alonso etal.,
plate formation in root and arrest 2003),
of embryo development; enhanced | (Fujimoto and
cell death in response to powdery Tsutsumi,
mildew infection 2014, Tang et
al., 2006),
drp2a AT1G10290 No obvious growth or (Alonso et al.,
developmental defects were 2003),
observed (Backues et al.,
drp2b AT1G59610 No obvious growth or 2010)
developmental defects were
observed
Auxilin auxilin- | AT4G12780 Phenotypically normal (Adamowski et
likel al., 2018)
auxilin- | AT4G12770 Phenotypically normal
like2
TPLATE tplate AT1G07670 Embryo-lethal (Alonso et al.,
complex tml AT5G57460 Embryo-lethal 2003),
(Gadeyne et
al., 2014)
17
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twd40-2 | AT5G24710 Reduced rates of membrane dye | (Alonso et al.,
uptake 2003),
(Bashline et
al., 2015)

Table S6 — Published and characterized mutant EAP lines
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