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SCRM/ICE1 and SCRM2 specify three cell-state transitional steps leading to Arabidopsis
stomatal differentiation

Supplemental Fig. 1. Seedling phenotypes of scrm-D/+ and scrm-D. Shown
are ten-day-old seedlings of wild type (WT: left), scrm-D/+ (middle), and
scrm-D (right). Compared to the wild type, cotyledons and rosette leaves of
scrm-D/+ and scrm-D are wrinkled and disintegrated. scrm-D/+ rosette leaves
produce reduced numbers of trichomes, and scrm-D does not produce any
trichomes: excessive stomatal differentiation occurs in the expense of trichome

development. Images are taken under the same magnifications. Scale bar, 2
mm.
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Supplemental Figure 2. Map-based cloning of SCRM

(A) Physical mapping. The locations of molecular markers (SSLP markers,
KTL3.120, KTL3.200, KTL3.250, KTL3.300 and KTL3.400; CAPS markers,
KTL3.230 and 3.260), the number of recombinants and chromosomes, and
the corresponding BAC clone are indicated. Open reading frames within
the 27 kb interval are shown at the bottom. SCRM encodes At3g26744
(red). (B) Domain structure of SCRM protein and the point mutation in
scrm-D. An acidic domain (black), a serine-rich domain (gray), a KRAAM
motif (red), a bHLH domain (green) and a zipper region (light blue) are
shown. The arginine at amino-acid 236 is replaced with histidine in scrm-D
mutant (arrow).



WT ICE1:ICE1R236H in WT

Supplemental Figure 3. Recapitulation of scrm-D phenotype by
introduction of ICE1:CE1rzss+ to wild-type plants.

(Left) Abaxial rosette leaf epidermis of wild-type (WT). (Right)
Abaxial rosette leaf epidermis of a transgenic plant expressing
ICE1:ICE1R236H. Images are taken under the same magnification.
Scale bar, 20 um.
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ICE1:GUS in WT ICE1:GUS in spch

Supplemental Figure 4 Effects of spch on ICE1:GUS expression in non-stomatal
cells/tissues. (Left) ICET1:GUS in wild-type seedling. (Right) ICE1:GUS in spch
seedling. While ICE1:GUS activity in leaf epidermis is abolished, it is detected in
roots and hydathodes (arrowhead) in the spch mutant seedling.
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Supplemental Figure 5. Structure of ICET and SCRM2 genes, and SCRM2
mRNA and amino-acid sequence. (A) Structure of ICET and SCRM2 genes.
Lines, non-coding regions (5’ promoter region and introns); Grey boxes, exons.
The size of each exon and intron is indicated. The locations of T-DNA insertions
in ice1-2 and scrm2-1 are indicated. Next page: (B) Full-length cDNA and
amino-acid sequence of SCRM2. The major (black) and minor (grey) transcripts
start at 71 and 135 bp upstream of a translation initiation site (bold), respectively.
The 5’ end of SCRM2 mRNA was determined by 5’ RACE PCR. (C) Nucleotide
sequence of the 5’ end of scrm2-1 mRNA and a potential open reading frame.
The scrm2-1 mRNA contains a chimeric 5’ untranslated region (UTR), with an
upstream,136 bp sequence derived from T-DNA (red) preceding the 49 bp
SCRM2 5’ UTR (black). The T-DNA-derived transcripts codes for a short open-
reading frame (red).
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Supplemental Figure 6. RT-PCR analysis of ICE1, SCRM2, SPCH,
MUTE, and FAMA transcript accumulation in wild-type (wt), ice7-2,
scrm2-1, ice1-2 scrm2-1/+, and ice1-2 scrm2-1 seedlings. Actin serves
as a control. No SPCH, MUTE, or FAMA transcripts were detected in
ice1-2 scrm2-1 double mutant plants, consistent with the complete
absence of stomatal cell lineage. Inice1-2 scrm2-1/+, FAMA transcripts
were negligible in accordance with the absence of GMC formation.
MUTE transcripts accumulated to higher levels in ice1-2 scrm2-1/+,
which may reflect the increased numbers of meristemoids due to devel-
opmental arrest. ice7-2 single mutation did not lead to significant change
in transcript accumulation of other stomatal bHLH genes, consistent with
the fact that only a small fraction of stomatal precursors form abnormal
tumors.
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Supplemental Figure 7. Complementation of ice? scrm2 loss-of-
function mutants by ICE7 and SCRM2. Shown are abaxial epidermis
of rosette leaves. (A) ice7-2 scrm2-1. The complete loss of ICET and
SCRM2 results in the epidermis solely composed of pavement cells.
(B) Transgenic ice1-2 plant expressing pMK157, a full-length ICE1
cDNA driven by its native promoter (ICE1:ICET). ICET is sufficient to
rescue the ‘caterpillar-like’ tumors occasionally formed in ice7-2. (C)
Transgenic ice1-2 scrm2-1 plant expressing pMK157. Introduction of
ICET1 rescues the pavement cell-only phenotype in ice7-2 scrm2-1.
(D) Transgenic ice1-2 scrm2-1 plant expressing pMK181, a full-length
SCRM2 cDNA driven by its native promoter (SCRM2:SCRM?2). Intro-
duction of SCRM2 rescues the pavement cell-only phenotype in
ice1-2 scrm2-1. Scale bar, 20 um.



Supplemental Table 1: List of primers and their DNA sequence used for genotype analysis

Mutant name Type

tmm
mute
spch
fama
scrm-D
ice1-2

scrm2-1

dCAPS

dCAPS

T-DNA PCR

T-DNA PCR

CAPS

T-DNA PCR

T-DNA PCR

Restriction en Primer name

Apo1

cuts mutant
Bsll

cuts WT

Nla3

TMM 960 dCAPS
TMM 1254rc
MUTE dCAPs F
MUTE dCAPs R
SAIL_LB3

53210 1281.rc
SALK_LBa1
FAMA -609
SCRMg429F
Chr3-9835011F
SALK_003155RP
SALK_LBa1
SAIL808B10RP
SAIL_LB1

Primer sequence
AACGCGTTCAAAGGGCTCAAGAAATT
GAACCGAATGCATCATCCAAGTCACT
TTCGTTCTTTGACTCCTTGTTTCTACCTCAAAAG
CTTCGAGAAAATAATTAGGATTGTGAATTGAG
TAGCATCTGAATTTCATAACCAATCTCGATACAC
AACCTGAAGAATCTCAAGAGCC
TGGTTCACGTAGTGGGCCATCG
ATGTGTACCATTCACACCC
CAAATCCATGCTCCTATTTCGATGG
GTAAGTGTTTACTTTGCTGATCTTGG
TGAGGAAGAGGCTCGTGATAG
TGGTTCACGTAGTGGGCCATCG
TAACTTCCGGAGATTCACCG
GCCTTTTCAGAAATGGATAAATAGCCTTGCTTCC



Supplemental Table 2: List of primers and their DNA sequence used for map-based cloning of SCRM

Marker name
KTL1.100
KTL1.120
KTL1.130
MSAT2.36
MSAT2.9
KTL4.100
KTL4.120
KTL5.100
KTL5.120
KTL5.130
KTL3.110
KTL3.120
KTL3.130
KTL3.140
KTL3.150
KTL3.160
KTL3.170
KTL3.180
KTL3.190
KTL3.200
KTL3.210
KTL3.220
KTL3.230
KTL3.240
KTL3.250
KTL3.260
KTL3.270
KTL3.280
KTL3.290
KTL3.300
KTL3.310
KTL3.320
KTL3.330
KTL3.340
KTL3.350
KTL3.360
KTL3.370
KTL3.380
KTL3.390
KTL3.035
KTL3.400
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820
780
158
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780
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247
1197
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213
213
272
738
171
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933
598, 375
1102
179, 314
1032
158
240, 491
243
157
1083
200
251
230
885
872
1564
1280
257
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AAGACTCCATCTTGACACTGTTATGC
CTTTACCCTTCCACGATTTTTAAGCAATGG
GACAACAAAACCCTGTTGTTTCTGAGC
GATCTGCCTCTTGATCAGC
TAAAAGAGTCCCTCGTAAAG
GACCAAGCTTCGTTATCGAAGATAACC
TAATTTGTCTCCCTGTGTTAACTTGC
GTTTTATTGGTGGTGTTGAGAGGAATGG
TTTGGTGGACCATAGAGATTGATTGG
ATACTTGTCGACTTCAGGTTCTACTCC
ACGTGCTCTTCTTGGTTCATCTATATATCC
ATGAGTTTAGATCATCAAGATCGGAGG
ATAGTTCTGGTTCACTTACAGAACC
GCTTTTTATGTTCATAAGACTTGGAAGC
TGGAAGGAGAAACATCTTTCTAGG
AGATTACATTACTTATTGTGCCTTATCG
GGACAAAAAGATTCAGCAACCTTCG
AACACAGAGCTTCCTAACTTCTTTCC
TCAGACTCACCAGAATACAAAAGTGC
TTACAAAATCTACGCAACGCAATGG
TGTAAGTGTGAGCGATTAAATGCTACC
GACAGAGGTGATCAGCTGAACC
CTCTGCATTTTCGTTTCCGATTGC
GCAACTTCCTTACTGATACCAACG
TCTACAAGTCTTTGTAACCACTCC
CTTGAATGAGTTATGGCATGGTCAGG
GTCACACTGGTAATTATTGACAAATCC
CGAATGATGCTATATTGGTTAATTCTGG
GCTGCATCTTCACGAAGAGTTTTGG
GTTCCACTATATAACCACGTCTCG
GTAGTTAATGAGCTTTAGGAGTGTG
TCATCTCTATGGATGGAAACAATCC
AATGTGGTGATGTAGCAACCACTGG
AGCTGGAGGATTAAGTGCGATGC
GACCATGAGATTGAAATAACTTACAGC
AGATTTCCAACTCGTAGGTGACG
CAGAGATAGGCCATTGTGACG
GGATGAAGATTTTGTTGACTCAAGG
TAACATTAGCAGCAACTGGACTTGG
TGGTTGTTACAAATTTGCACTC
CACCGAGTTTTGCTTTGTTCATTTTGC

Reverse primer
CTCAGAAAGGAAAACGCACAGTAGC
GAGCAAAAATTAACATCACGTGACATGACC
TCCTCTAGTCATTTCTCATAAGATCCAC
CCAAGAACTCAAAACCGTT
GTTGTTGTTGTGGCATT
AAAGAGAACTCACCGGCATACC
GTAGGTAACGAGATCCAGATCTTCC
TATCTCTTGTCGTTGTGAGTGTGTTGG
CTTTGTACTTTTACTCGGTTGATGACG
GCAAACTTATAATTCTCACTTTGGTTCAGG
AGTATTGAATCCGTCAAAAGCTGTCG
CCAACCGAAATGAACCAAAAACCATCG
CGCAACAATTACAGGTCCATAAACC
GACTCAACGCAATTTGAGGTTTTGC
CCAGATGTGACCTTTTAGAACTTTGC
GTCAAATAAGCCAAAATATTCAAAAATAGG
TTAGCAGCATACGGAATTAGTTACG
TCGTAGTTTCTTCTTCGGATACAGC
AATTCGGATTTGGGAGTTCTCTGC
AGGAGCAACTAGCGATGGTGG
GCAATCCCAAAGCCATTTAAGTTTCC
CACTTTGCCAATTCGTTATCTTGG
GAACCGCTTTGATCGATATGTATAGC
ATGTTCCATTTGTCTTCATGGTGG
ACAAACGAACATTGCCAACAAAGC
ACCTAGCCGGAATCATAAACTTAGC
CAGCACTAAGAACTGAAAGAACTGC
TTATTAAATGTCTCTTTCTATAGGTCTAAG
GTATTGGGAGGAGTCTAAACGTTGC
ACGAGATCATGATACGTGTCAGTG
AAGCTTTGATTAAGTAAATATGGTTCATAC
GCATTGCATATTTGTTACTTCCTACC
CTTTCTTCTCACTCTCTTCTAAATGG
CGTTTACTGTTTACCTTTATCGTTTGC
TTGGAATAATCTTGACAGTAAAACAAGG
ACGATTGACTTGTTACGTGTCACG
TTTCGTTTTGTCGGGAGTTGAGG
GGTTTAACCAACGAGCTGAAAGC
AGCCGGTACAACAACTTAGAAAACG
GTGGAGAAGAACAAAAGTGTG
GTGAGATCCGACGAAGAGTTTACC
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Yoast Two Hybrid

1cE1

SCRM2

SplityFP

insert

ICET cDNA

FAMA cDNA

1CE1 genomic

[ —e)

PGADT?

PENTRID-TOPO
OENTRID-TOPO
R2.1

PLIP18S (NosT in pMDCS9)

PMK145 (ICE 1prom-NosT in pMDC9S)

OENTRID-TOPO
OMK145 (ICE Torom-NosT in oMDC9S1
OMK145 (ICE Torom-NosT in oMDCES)

mutation
‘SCRMZprom(-3600 to -2300)
'SCRM2prom(-3600 to -2300) (pMKI76)

pCR21
PLIP18S (NosT in pMDCS9)

constructed in this ot
plasmid D description

PMKIS!  ICETCDNAin pGBKT7

PMKIS2  ICETCDNAin pGADT7.

PMK1S3  scrm-DCDNA in pGBKTT

KIS somDCDNAIn

PNLBTO1  MUTE cONA in pCRILTOPO

PNLBIO3  SPCH cDNA in pCRI-TOPO.

PNLB10S  FAMA CDNA in pCRI-TOPO.

PNLB105 CONA in pGBK

PNLBI0S  SPCH cDNA in pGBKT7

PNLBTO7  FAMA cDNA in pGBKT7

PNLB108 NA N pGADTT

PNLB109  SPCH cDNA in pGADT?

PNLBT10  FAMACDNAin pGADT?

pMK142  ICETgenomicin pENTR

PMK143  ICETurs,genomic in pENTR

pUK144  ICETprom in pCR2.1

pMK145  ICETprom:NosT in pMDCSS.

PMK1S5  GFP-ICET in pENTI

PMKIS6  GFPHICE o in

PMKIS7  ICET:ICE1-NosT in pMDCSS.

PMK1S  ICET-ICE TarmacNoST in pMDCSS.

PMK162  ICET-GFP-ICE s NoST in SMDCE9
PMK163  ICET:GFP-ICE1-NosT in pMDC:

PMKI7  ICETeyin DEN

pUKIT2 S 11 DENTR

PMK73  ICET-ICE ey, eNoST in pMDCSS.

PMKI72  ICET-ICE armussreNOST in BMDCE9

pMK147

P78

PUKI76  SCRMZprom(-3600 to -2300) in pCR2.1

PMK180  SCRMZprom(-3600 to 2300)-NosT in pMDCS9
PMK181  SCRM2:SCRM2-NosT in pMDCSS.

PMK18S  SCRM2-SCRMZ2:mucNoST in pMDCSS.
PMK128  ICETEDNA in pENTR

PMKI30  scimD cDNA i pENTR

PMKI32  dual 35Sprom:n(1-174)EYFP-ICE1 in pE3136
PUKI33  dual 35Sprom:c{175-end)EYFP-ICE1 in pE3130
PMK136  dual 35Sprom:n(1-174)EYFP- scrm-D in pE3134
PMKIS7  dual 35Sprom:n(175-end)EYFP- scrmD in pE3132
PMK217  SCRMZEDNA in pENTR

PMK213  dual 35Sprom:n(1-174)EYFP-SCRM2 in pE3136
PUKZ14  dual 35Sprom:c{175-end)EYFP-SCRMZ n pE3130
PLIPITS

PLIPIT4  dual 35Sprom:c{175-end)EYFP-MUTE n pE3130
PLIPITS  dual 35Sprom:n(1-174)EYFP-FAMA n pE3136
PLIPITE 5-ond)EYFP-F:

pLIP2: 'SCRM2prom(-2536): SCRIM2-GFP in pGWB4.
pLIP238

pLIP23T

dual 35Sprom:n(1-174)EYFP-SPCH in pE3136
-end EYFF

in pMDCs
n OMDCS
ICE1cDNA PENTRID-TOPO
Serm-D cDNA PENTRID-TOPO
ICETcDNA (pK128) PE3136
ICETcDNA (plK128) PE3130
Scrm-D CDNA (pMK130) PE3136
scrm-D CDNA (pMK130) PE3130
‘SCRM2 cDNA PENTRID-TOPO
'SCRI2 CDNA (pMIK217) E3136
'SCRI2 CDNA (pMIK217) PE3130
135 PE3136
MUTE genomic (pLJP135) PE3130
FAMA genomic (pLUP140) PE3136
P PE3130
'SCRNZprom(-2536): SCRMZ o stop. GWE
SPCH genomic (pLIP142) PE3136
P122) PE3130
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process. PCR primer forward1  PCR primer reverset  PCR primer fo. PCR primer re’ restriction enzymes.
PCR, ligation ‘SCRM1-EcoR1F ‘SCRM3endBamt1 o EcoR1, BamH1
PCR, ligation ‘SCRM1-EcoR1F ‘SCRM3endBamt1 o EcoR1, BamH1
PCR, ligation ‘SCRM1-EcoRTF ‘SCRM3endBamt1 o EcoR1, BamH1
PCR, ligation SCRM1-EcoR1F ‘SCRM3endBamH rc EcoR1, BamH1
PCR, TOPO cloning MUTE!-EcoRl nker ~ MUTES09 BamHi1.rc EcoR1, BamHi1
PCR, TOPO cloning 3210_1-EcoR|linker 53210_1095 BamH1.1c EcoR1, BamH1
PCR, TOPO cloning FAMAT-EcoRIfnker  FAMA 1244 BamH1.rc EcoR1, BamH1
PCR, ligation EcoR1, BamH1
PCR, ligation EcoR1, BamH1
PCR, ligation EcoR1, BamH1
PCR, ligation EcoR1, BamH1
PCR, ligation EcoR1, BamH1
PCR, ligation EcoR1, BamH1
PCR, TOPO cloning SCRMSendGW. ‘SCRM3endSTOP.1c
PCR. TOPO clonina SCRMSen: ‘SCRM3endSTOP.1c
PCR, TA cloning ‘SCRMprom-2581Sbf1F  SCRMprom-1Kpn1R.1c
ligation b, Kpnt
PCR, ligation Not1GFP-F. GFPnostop-Not1R rc ot
PCR. lioation Not1GFP-F. GFPnostop-Not R rc Nott
GATEWAY LR reaction
‘GATEWAY LR reaction
‘GATEWAY LR reaction
GATEWAY LR reaction
Site directod mutacenesis  SCRMSendGW. SCRI-DBDMU
Site directod mutacenesis  SCRMSendGW. SCRI-DBDMU
GATEWAY LR reaction
‘GATEWAY LR reaction
PCR, TOPO cloning At1g12860g5endGW  At1g12860g3endSTOP rc:

Atta1286005er

PCR, TA cloring

ligation
GATEWAY LR reaction
GATEWAY LR reaction

PCR, TOPO cloning
PCR, TOPO cloning

GATEWAY LR reaction
‘GATEWAY LR reaction
‘GATEWAY LR reaction
GATEWAY LR reaction
PCR, TOPO cloning

GATEWAY LR reaction
‘GATEWAY LR reaction
GATEWAY LR reaction
GATEWAY LR reaction

reaction
GATEWAY LR reaction

ICE2prom- 13268611

SCRMSendGW.
SCRMSendGW.

1CE2g5endEcoR1GWF

ICEZprom-1Kpn' e

SCRM3endSTOP.1c
‘SCRM3endSTOP.1c

At1g12860g3endSTOP rc:



Supplemental Table 4: List of primers and their DNA sequence used for plasmid construction

SCRM1-EcoR1F
SCRM3endBamH1.rc
SCRM5endGW
SCRM3endSTOP.rc
SCRMprom-2581Sbf1F
SCRMprom-1Kpn1R,rc
Not1GFP-F
GFPnostop-Not1R.rc
SCRM-DBDmutationsF
SCRM-DBDmutationsR.rc
At1g12860g5endGW
At1g12860g3endSTOP.rc
ICE2prom-1326Sbf1F
ICE2prom-1Kpn1.rc
ICE2R581HmutationF
ICE2R581HmutationR.rc
ICE2g5endEcoR1GWF
MUTE1-EcoRlI linker
MUTE609 BamHI1.rc
53210_1-EcoRl linker
53210_1095 BamH1.rc
FAMA1-EcoRI linker
FAMA 1244 BamH1.rc

TGTCAGAATTCGCGATGGGTCTTGACG
AGTCAGGATCCGATCAGATCATACC
CACCATGGGTCTTGACGGAAACAATGG
TCAGATCATACCAGCATACCCTGC
AAGCCTGCAGGACCACCGTCAATAACATCG
AGAGGTACCGCCAAAGTTGACACC
GCTAGCGGCCGCCACCATGGTGAGC
AGCGGCAGCGGCCGCAGCTCC
CCTCTGATGGCTGGGAGGAGAAGGGGGAAGAAG
CCCTTCTCCTCCCAGCCATCAGAGGCTTAGCAG
CACCATGGAGAGTAGAGAGGATTCATTC
TCAAACCAAACCAGCGTAACCTGC
GGTCCTGCAGGTTTCATGAGCTTCC
TACTCTGGTACCCACTTTTATAAATACTAG
CAACTCTGTTTCAGAAACATGCTGCAATGCGTCAG
CTGACGCATTGCAGCATGTTTCTGAAACAGAGTTG
CACCGAATTCATGAACAGCGACGGTGTTTGG
CGGAATTCATGTCTCACATCGCTGTTGAA
CGGGATCCTTAATTGGTAGAGACGATCAC
CGGAATTCATGCAGGAGATAATACCGGAT
CGGGATCCCTAGCAGAATGTTTGCTGAAT
CGGAATTCATGGATAAAGATTACTCGGCA
CGGGATCCTCAAGTAAACACAATATTTCCC



Supplemental Table 5: List of primers and their DNA sequence used for RT-PCR and 5' RACE PCR analysis

Gene Primer name Sequence

ICE1 SCRM 1209F GGAGATGCAATTGATTATCTGAAGG
SCRM 3'END BAMH1.RC AGTCAGGATCCGATCAGATCATACC

SCRM2 SCRM2 2784 CACACTCGACGCTGCTTCAC
SCRM2 3110.rc GAAGCCATTACCTGTAACGG

SPCH 53210 1.GW CACCATGCAGGAGATAATACCG
53210 886.rc CTAGCAGAATGTTTGCTG

MUTE MUTE 1.GW CACCATGTCTCACATCGCTGTTG
MUTE 1486.rc TTAATTGGTAGAGACGATC

FAMA FAMA 1.GW CACCATGGATAAAGATTACTCGG
FAMA 799.rc AGGCATGAGAGATCTAAGG

ACTIN ACT2-1 GCCATCCAAGCTGTTCTCTC
ACT2-2 GCTCGTAGTCAACAGCAACAA

5' RACE PCR of SCRM2
reverse primer ACCCAAGACGCAGCTTCACCGTTA
reverse nested primer AGCCGTCAAGCCAAACAC



