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Table S1. List of primers used for genotyping assay.

Primer name Forward primer (5° t0 37) Reverse primer (5" to 37) ;[:;EZLCE
P1 and P2 TCCAAAAATTGATAGGCATC ATAAAGAAAAAAGCTTACCCG ATMLI
P3 and P4 GATCAGTGCCTTGAAGGAAA CTGTTGTCGACATTGTTGTC PDF2
PS5 and P6 TGGGATATACAGGCAGAAGA GTTTTGGAGCTACAGGGATCCAGA ATMLI
P7 and P8 GATCAGTGCCTTGAAGGAAA ATCTTAGTTGTGGAATCATAC PDF2
P9 and P10 ACATTCTCCTCCCATGGAAAC TAGTACATGAACGAACAAGAC PAS2
P11l andP12 AGGCGAGTGGTTCTTITGTTTT TCACTCAACAACATCGAGCAC FLC
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Table S2. List of primers used for plasmid construction.

Name Sequence (5° to 3°)

ATML1Im1-F CACTGTTGATACATATGTATCATCCAAACATGTTC
ATML1Im1-R AGCCACCAAACGTTTTGCACCGAAAGCTAA

ATML1Im2-F AAACGTTTGGTGGCTACACTTGACCGCCAA

ATMLIm2-R ATTCAGAATTGTCGAGGCTCCGTCGCAGGCCAGAGC

HSPp-F CCAAGCTTGCATGCCAAGCTTTTCTCTTCATTTCTC

HSPp-R TGTTCGTTGCTTTTCGGGAGA

NLS-mCherry-F GAAAAGCAACGAACACATATGCGACCCCCAAAGAAGAAG
NLS-mCherry-R ATTCAGAATTGTCGATTACTTGTACAGCTCGTCCAT
ATML1-F GAAAAGCAACGAACACATATGTATCATCCAAACATGTT
ATML1-R ACTAGTGGCTCCGTCGCAGGCCAGAGC

EGFP-F GACGGAGCCACTAGTATGGTGAGCAAGGGCGAGGAG
EGFP-R ATTCAGAATTGTCGATTACTTGTACAGCTCGTCCAT
HSP_ATML1_F CGGCCGCTGGATCCCAAGCTTTTCTCTTCATTTCTC
HSP_ATML1 R TGATTACGAATTCCCCTTATCTTTAATCATATTCCA

EGFP2-F TTATGGATCCCGAATTCGTGAGCAAGGGCGAGGAGCTGTT
EGFP2-R AAACATCGATTACTTGTACAGCTCGTCCAT

ATML1ter-F CAAGTAATCGATGTTTTCGGGTAAGCTTTTTT

ATML1ter-R TACGAAGTTATGAATTTGATGACTTGGTCTCCATAATTTC
gATMLI1-F ACGAAGTTATGGATCCAAGCTTAGTTTCTTATTTGACATA
gATMLI1-R CCTTGCTCACGAATTCGGCTCCGTCGCAGGCCAGAGC
EGFP3-F ACGAAGTTATGGATCCGTGAGCAAGGGCGAGGAGCTGTTC
EGFP3-R TGAAAAAAAACTATTACTTGTACAGCTCGTCCATG
PDF2ter-F GTAATAGTTTTTTTTCAGGTATGATTCC

PDF2ter-R ACGAAGTTATGAATTCTTTACCTTTCTATGTTAGGCTGTTA
gPDF2-F TACGAAGTTATGGATCCCATATAGTCCAACTTTGCAAGACAT
gPDF2-R CCCTTGCTCACGGATCCCGCTCCTCCTCCAACATCACAAGAA
loxEGFP-F CCAAGCTTGCATGCCATAACTTCGTATAGCATACATTATACGAAGTTATGGATCCGGTGGTGGTGGTGGTGTCGAC
loxEGFP-R CCATGATTACGAATTATAACTTCGTATAATGTATGCTATACGAAGTTATGAATTCTTACTTGTACAGCTCGTCCAT
PAS2ter-F GTACAAGTAAGAATTAAGAAAAGATTTAGAAAGAGACGAA
PAS2ter-R ACGAAGTTATGAATTCAATTTCATAAATATTATTAAGAATCC
gPAS2-F ACGAAGTTATGGATCCGGAATATCCACTGTTAGCTT
gPAS2-R CACCACCACCGGATCCTTCCCTCTTGGATTTGGAGAG
START-F AGGGCCCGGGACATATGATACCTTCTGAGGCTGATAAG
START-R AGATTACCTATCTAGAACAAGCCGGAATGTTGCTGGC

C
s}
)

©

£
fw
0.9
£
>
|
©
i)

C

()

£
Q

Q

Q

35
wn

°
-

C

()

£

Q
o

()

>

()
(@)



Development: doi:10.1242/dev.194969: Supplementary inform

Table S3. List of primers and PCR conditions used for RT-PCR analysis.

. . ali
Gene Forward primer (5’ to 37) Reverse primer (5’ to 37) ?2;;; e cycles

ATML] TP _popp TGGATGATCCGGGAAGACCT CTCGCCCTTGCTCACCATAC 50 30
NLS-mCherry GACCCCCAAAGAAGAAGCGTA CTGCTTGATCTCGCCCTTICA 50 30
TUB? CTCAAGAGGTTICTCAGCAGTA  TCACCTTCTTCATCCGCAGTT 50 30
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Table S4. List of primers and probes used for RT-gPCR analysis.

Gene Forward primer (5” to 37) Reverse primer (5’ to 3”) Probe
ATML1 GGAATAGTGTCTCCTTGCTTCG TGATGCGTCCGTACAACTTT 122
PDF2 TCTCCTTGCTCCGAGTCAATA TGCATCTGTACAGCTCTCTTGTAGA 106
PP2A  ATTCCGATAGTCGACCAAGC AACATCAACATCTGGGTCTTCA 22
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Fig. S1. Root phenotypes in the atml1-1; pdf2-1 mutant.

(A) Primary root length of 10-day-old wild-type, atml1-1, pdf2-1 and atml1-1; pdf2-1
seedlings grown on MS medium. Data are mean £ SE values (n = 10). (B) Number of
LRs and LRPs per root length in 10-day-old wild-type, atml1-1, pdf2-1 and atml1-1; pdf2-

1 seedlings grown on MS medium. Data are mean + SE values (n = 10).
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Fig. S2. Genetic complementation with reporter genes.

(A) Representation of plasmid constructions. (B) Phenotypes of 5-day-old seedlings.
Wild type, gATML1-EGFP; atmll1-3; pdf2-1, gPDF2-EGFP; atml1-3; pdf2-1 and
gPAS2-EGFP; pas2-3 are shown (left to right). Scale bars: 1 cm. (C) Representation of

T-DNA insertion sites in the mutants. (D) Primer design for confirmation of transgenes
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in mutant background (primer information (P1-P10) are shown in Table S1). Arrows
indicate primer locations and arrowheads indicate T-DNA insertion sites. (E) Genotyping
assay. Black arrows indicate the expected amplicon size of the WT gene. As a control,
FLC (AT5G10140) was amplified using primer set of P11 and P12 (Table S1). Magenta

arrows indicate the expected amplicon size of the transgene. M: 1-kbp DNA ladder.
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Fig. S3. Expression of gATML1-EGFP during embryogenesis.

(A) 1-cell stage embryo, (B) 2-cell stage embryo, (C) Octant (8-cell) stage embryo, (D

and E) Two dermatogen (16-cell) stage embryos showing different fluorescence patterns,

(F) Globular stage embryo, (G) Triangular stage embryo, (H) Heart stage embryo, (I)

Shoot apical meristem and leaf primordia, (J) Radicle (Primary root before sloughing of

the root cap cells) and (K) Primary root after sloughing of root cap cells. Scale bars: 5 um

in (A-E); 10 pm in (F-H); 20pm in (J, K); 50 um in (1).
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Heat-pulse ATML1"T NLS
treatment -EGFP -mCherry

ATML1WT
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Fig. S4. Heat-pulse-dependent induction of transgene.

(A) ATMLIYT-EGFP and NLS-mCherry mRNA in  HSP::NLS-mCherry;
HSP::ATML1WT-EGFP seedlings. (B) Fluorescence images of EGFP (left) and mCherry
(middle), and merged fluorescence and bright field image (right) in LRs of HSP::NLS-
mCherry; HSP::ATML1WT-EGFP plants before sloughing of root cap cells immediately
after heat-pulse treatment (0-30 min). (C) ATML1V4*L-EGFP and NLS-mCherry mRNA
in HSP::NLS-mCherry; HSP::ATML1Y4"'L.EGFP seedlings. (D) Fluorescence images of
EGFP (left) and mCherry (middle), and merged fluorescence and bright field image
(right) in LRs of HSP::NLS-mCherry; HSP::ATML1V4*L-EGFP plants before sloughing

of root cap cells immediately after heat-pulse treatment (0-30 min). For RT-PCR analysis,
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whole seedlings were harvested for RNA extraction before () and after (+) heat-pulse

treatment. TUB2 (AT5G62690) was amplified as a control.
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Fig. S5. Measuring the EGFP and mCherry intensity.

(A) Fluorescence intensities of EGFP and mCherry were measured by using the [Plot
Profile] tools of ImageJ software. Intensity values of EGFP and mCherry were measured
on the line crossing the nucleus of a single cell. (B-E) A series of intensity values was
acquired from 13 inner cells and 13 outermost cells by using the fluorescence images in
Fig. 3C, Fig. 3E, Fig 5A and Fig. S6A, corresponding to Fig. S5B, C, D and E,
respectively. The lengths of the lines crossing the nucleus are the same in each pair of

panels.
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Fig. S6. Posttranslational regulation of ATMLL1 in LRs after sloughing of root cap
cells.

(A) Fluorescence images of EGFP (left) and mCherry (middle), and merged fluorescence
and bright field image (right) in LRs of HSP::NLS-mCherry; HSP::ATML1"T-EGFP
plants after sloughing of root cap cells 2-3 hours after heat-pulse treatment. Scale bars:
20 pum. (B) Plot of EGFP (left) and mCherry (right) intensity in inner cells and outermost

cells in (A) (see Fig. S5).

13

Development * Supplementary information



Development: doi:10.1242/dev.194969: Supplementary inform

A
— ATHB15 IHIVDHMDLEA -C-SVPEVLRPLYESPKVLAQKT[TIuAAMrRaLKAQ -
= ATHB8B LHIVDHFDLEP-W-SVPEVLRSLYESSTLLAQRT|TIMAARER Y LRAQ -
% REVOLUTA IHI VDHLNLEA-W-SVPDVLRPLYESSKVYVAQKMTII SAIRY | - - -
DI PHAVOLUTA IHIVDHVDLDV -85 -SVPEVLRPLYESSKILAQKM|TIVAAIERHVY RQ -
I | PHABULOSA LHIVDHVDLDA-W-SVPEVMRPLYESSKILAQKMTIVAAIERRHVRAQ -
HDG8 VMW IEHVEVDH -KLDTHKI YRDLLSGGSGYGAKR|WI VT IEERMCER
HDG10 VTWIEHVEVTD - KVWPHQLYRDLLYGGFGYGARRWTATIEQRMCER
HDG9 VTWIEHVVVNDNRVRPHKLYRDLLYGGFGYGARR|WTVT HERTCER
HDG4 VTWVEHVEVEE-KHVQDEVVREFVESGVAFGAERWLSVIEKRQCER
HDG5 VKWVEHVEVDE -KHVHE-TFAEYVKSGMAFGANRWLDVIEQRQCER
GL2 VTWVEHLDVSA -8 -TVQPLFRSLVNTGLAFGARHWYATIEQLHCER
a HDG11 VTWVEHIETEE -KELVHELYREIIHRGIAFGADRWYVYTTIEQRMCER
o HDG12 VTWVEHGEFEE-QEPIHEMFKDIVHKGLAFGAER|WI AT EQRMCER
Rll HDG6(FWA) VTWIEQAEYNE-S8-HIHQLYQPLIGYGIGLGAKRIWLATEQRHCES
% HDG3 VTWVEHVEVDD -A-GSYSIFEKLICTGQAFAANRWVYGT EVRQCER
HDG2 VTWVEHVEVDD -R-GVHNLYKHMYSTGHAFGAKRIWVAIZNDRAQCER
ATML1 VTWVEHIEVDD -R-SVHNMYKPLVNTGLAFGAKRIWVAT EDRQCER
PDF2 VITWIEHMEVDD -R-SVHNMYKPLVQSGLAFGAKRWVYATImERQCER
HDG7 VTWIEHSEYEE-S8S-HTHSLYQPLLSSSVGLGATKIWLAT QRAQCES
ANL2 VTWVEHAEYDE-N-QIHQLYRPLLRSGLGFGSOQRIWLAT HQRQCETC
HDG1 VTWIEHTEYDE-N-HIHRLYRPLLRCGLAFGAHREMAAQRQCEC

B
mouse_STARD4 SLLTGY I QTDLRGMI PAQ - -SAVDTAMASTLAN YSDLRKGLREK
mouse_MLN64 CTFVWILNTDLKGRLPR -YLIHQSLAATMEFE AFHLRQRI SE
human_PCTP GSKVFMYYFDNPGGQI PS WLINWAAKNGVPN LKDMARACQOQN
human_CERT LCKITYVANVNPGGWAPA SVLRAVAKREYPK LKRFTSYVQE
ATML1 YSKVTWVEHIEVDDRSVHNMYKPLVNTGLAFGAKR VATLDRQCER
PDF2 YSKVTWIEHMEVDDRSVHNMYKPLVYVQSGLAFGAKR VATLERQCER
o O L] O L] oe [ ] O

Fig. S7. Amino acid sequences of the START domain.

(A) Alignment of amino acid sequence of the C-terminal region of the START domain.

(B) Alignment of amino acid sequence of the C-terminal region of the START domain

from ATMLL1, PDF2, STARD4, MLN64, PCTP, and CERT. Red font indicates ligand

contact points, as derived from the PCTP-PtCho co-crystal. Red box indicates the amino

acid targeted for site-directed mutagenesis of ATMLL1. Yellow background indicates

amino acids conserved in HD-ZIP class IV proteins but not in HD-ZIP class III proteins

(A), or conserved in ATML1 and PDF2, but not in mammalian proteins (B). Green

background color indicates amino acids conserved in HD-ZIP class III proteins, but not

in HD-ZIP class IV proteins (A), or in mammalian proteins but not in ATML1 or PDF2

(B). Orange background color indicates amino acids conserved among HD-ZIP class III
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proteins and HD-ZIP class IV proteins. Open circles indicate a site where the amino acids

exhibit weak similarity. Closed circles indicate a site where the amino acids exhibit strong

similarity.
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A LPA S1P B LPA S1P
LPC PtdIns(3,4)P, LPC ¢ PtdIns(3,4)P,
Ptdins @ Ptdins(3,5)P, Ptdins @ Ptdins(3,5)P,
Ptdins(3)P @ PtdIns(4,5)P, Ptdins(3)P @ PtdIns(4,5)P,
Ptdins(4)P @ PtdIns(3,4,5)P; Ptdins4)P @ = PtdIns(3,4,5)P;
Pdins(5)° @ @ PA Pdins(5)P @ PA
PE @ PS PE PS
PC Blank PC Blank
WT W471L
C Sphingosine Monosialoganglioside-GM1
S1P Disiaganglioside-GD3
Phytosphingosine Sulfatide
Ceramide Psychosine
Sphingomyelin Cholesterol
Sphingosylphosphorylcholine Lyso-PC
LPA PC
Myriosine Blank
WT

Fig. S8. Interaction of the GST tagged START domain of ATML1 (GST-START)
and ATMLIWAL (GST-STARTWA4IL) with various lipids.

(A and B) Interaction of GST-START (A) or GST-STARTW4L (B) with all
phosphoinositides and other biological important lipids. (C) Interaction of GST-START
with various sphingolipids and other lipids. S1P, sphingosine 1-phosphate; LPA,
lysophosphatidic acid; Lyso-PC, lysophosphatidylcholine; PC, phosphatidylcholine;
LPA, lysophosphatidic acid; LPC, lysophosphocholine; PtdIns, phosphatidylinositol;
PtdIns(3)P, phosphatidylinositol (3)-phosphate; PtdIns(4)P, phosphatidylinositol (4)-
phosphate; PtdIns(5)P, phosphatidylinositol (5)-phosphate; PE,
phosphatidylethanolamine; PtdIns(3,4)P2, phosphatidylinositol (3,4)-bisphosphate;

PtdIns(3,5)P2, phosphatidylinositol (3,5)-bisphosphate; Ptdins(4,5)P2,
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phosphatidylinositol (4,5)-bisphosphate; PtdIns(3,4,5)P3, phosphatidylinositol (3,4,5)-

trisphosphate; PA, phosphatidic acid; PS, phosphatidylserine.
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Fig. S9. Effect of cafenstrole and FB1 treatment on the sphingolipid metabolism.

The molar fraction of VLCFA-containing species in each sphingolipid class was

measured in wild-type seedlings grown for 5 days in the presence of 0.3 uM cafenstrole

(A-D) or 0.5 uM FB1 (E-H). (A, E), VLCFA-containing GIPC. (B, F), VLCFA-

containing GluCer. (C, G) Hydroxy VLCFA containing ceramide. (D, H) Non-hydroxy

VLCFA containing ceramide. Data are mean * SE values (***P < 0.01, Student’s t test,

n=3).
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mock + cafenstrole

Fig. S10. Effect of cafenstrole treatment on the expression of gATML1-EGFP.
Shown are LRs before sloughing of root cap cells of gATML1-EGFP; atml1-3; pdf2-1
plants grown for 8 days on MS medium without (mock) or with 0.3 uM cafenstrole. Scale

bars: 20 um.

19

C
s}
)

©

£
fw
qg
£
>
|
©
i)

C

()

£
Q

Q

o

-]
wn

°
-

C

()

£

Q
O

()

>

()
(@)



Development: doi:10.1242/dev.194969: Supplementary inform

[ mock [ | +FB1

3

ti

o

w
HH *

0 B
ATML1 PDF2

Fig. S11. Effect of the inhibition of ceramide synthase activity on the expression of

ATML1 and PDF2.

Relative expression levels of ATML1 and PDF2 in 5-day-old wild-type seedlings grown

on MS medium without (mock) or with 0.5 uM FB1. Data are mean *+ SE values (***P

<0.01, Student’s t test, n = 3).
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Fig. S12. Expression of gPAS2-EGFP during embryogenesis.

(A) 1-cell stage embryo, (B) 2-cell stage embryo, (C) Octant (8-cell) stage embryo, (D)
Globular stage embryo, (E) Triangular stage embryo (F) Heart stage embryo, (G) Shoot
apical meristem and leaf primordia and (H) Primary root. Scale bars: 5 pm in (A-C); 10

um in (D-F); 20 pm in (H); 50 um in (G).
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Apoplast I e - Outer lateral membrane

Cytosol

polarized
FB1 I trafficking

VLCFA-sphingolipid-enriched
secretory vesicles
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leaflet

\_\

Golgi apparatus
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2 000 0000
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W GIPC I %;FAY %‘ICPFAﬁ:i ﬁ’;zerDPhospholipase C

Fig. S13. Model of the polarized trafficking of VLCFA-sphingolipids to the outer

nucleus

lateral membrane and generation of VLCFA-Cers, which interact with intracellular

ATMLL.

VLCFA-sphingolipids are transported to the outer lateral membrane by a mechanism that

is inhibited by FB1 treatment. Subsequently, VLCFA-sphingolipids (such as GIPCs) in

the outer leaflet of the outer lateral membrane are hydrolyzed by specific enzymes (such

as phospholipase C), generating VLCFA-Cers in the inner leaflet of the outer lateral

membrane. Magenta line indicates apical membrane components. ER, endoplasmic

reticulum.
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