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Fig. S1. Generation of the nog7dis mutant. A) Schematic of the construct designed
to disrupt the endogenous NOG17 gene. Primer pairs used to confirm the absence of
NOG1 expression have been indicated with arrows. B) RT-PCR showing the absence
of the NOG1 transcript in the Ppnog1dis mutant. C) Representative images of 6-week-
old Villersexel wild type, nog7-R and nog1dis plants showing the presence (wild type)
and absence (nog1-R and nog1dis) of gametophores. Scale bars, 1 cm.
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Fig. S2. Bulk segregant analysis and the identification of the causative mutation in
the snog71a mutant. A) An outcrossing event between snog7a and the Reute::mCherry line
yields a diploid sporophyte that undergoes meiosis to produce phenotypically segregating
progeny (phenotypic outcomes highlighted). (B,C) Expected snog7a mutant, SNOG1A WT,
nog1 mutant and NOG1 WT allele frequencies in the mutant (B) and control (C) pools
respectively. D,E) Plots of the SNP index for the mutant pool (D) and control pool (E) across
chromosomes 1 and 8. A SNP index of 0 indicates 100% nog1dis parental contribution and a

SNP index of 1 indicates 100% Reute::mCherry parental contribution.
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FplcB 13720 Fhytozome CTCAGCAGCAGAT GOARATGCARGECATGCACCOGCCTOCTCAGTCATCARCARCTGOAGA 1618

Rogldis CTCAGCAGCAGAT GOARATGCARGECATGCACCOGCCTOCTCAGTATCARCAACTGOAGA 1618
WT CTCAGCAGCAGA T GOARATGC AR GECATGCACCOGCCTOCTCAGTATCARCAACTGOAGA 1618
snagla CTCAGCAGCAGA T GOARATGCARGECATGCACCOGCCTOCTCAGTCATCARCARCTGCAGA 1618

A FAAA D FAAAD A A A FNAA N AR TN AR T NA T ASAd T ASAD NS

Fp3cB 13720 FPhytorome TTCAAGGTACTCC T AGGOOCCACAGG TEOCGCOGCARAATGCTCAGT COCAGDTTCCTC 1678

rogldis TTCRAGETAC T OO TCAGGC COCACAGETGCOGCCGLARMATOC TCAGTCCOAGCCTOCTC 1618
WT TTCAAGGTACTCC T AGGOOCCACAGG TEOCGCOGCARAATGCTCAGTOOCAGDTTCCTC 1615
snagla TTCARAGG TACTCCTTAGGOOCCACAGG TEOCGCOGCAMAATGCTCAGT OOCAGOCTCCTC 1618
AdTAAAATAAAAE LN AdTAMAAATNAAA T NAAAFNAAA T NAAA T NAAdATENAAATENAAAE LA
FplcB 19720 Fhytazoms CGCARC CCCATC T ICATCACC AR CA AT TACAGC TOCAGEOGC CARC TG TARATCAGCCGS 1738
rogldis CGCAAC CCCATC T IO ATCACC AR AR T TACAGC TOCAGEOGCCARC TG TARATCAGCCGS 16158
WT CGCARC CCCATC T I CATCACC AR A AT TACAGCTOCAGEOGCCARC TG TARATCAGCCGS 1618
smagla CGCAAC AT T IO ATCA D AR AR T TACAGC TOCAGEOGCCARC TG TARATCAGCCGS 1618

A FALEAd FRAAAD A A A FN AL FNAA FN AR TN AR TN AA A AA A AAD TN

FpYcB 13720 FPhytozoma ATTCTCAGTACCAANCTCAGC AR GOGC CACCGETTGCTICTTCACATTOCTCGOARGTTC 1798

rogldis ATTCTCAGTACCAANC TCAGCARGOSC CACCGETTGCTTICTTCACATTOOTCGOARAGTTC 1618
WT ATTCTCAGTACCAAAC TCAGCARGOCC CACCGETTGCTICTTCACATTOCTCGOARGTTC 1618
snagla ATTCTCAGTACTAANC TCAGC AR GOCC CACCGGETTGCTICTTCACATTOOTCGOARGTTC 1618

AdEANAdTNAA FAAAdERAAd FRAAd FRAAd FRAAA T AAAA T AAAA T RAAA T AAAAT N

FRpIcB 13720 PhyCazome CATCTTATTATGC O ARG CAACAGCARC TECAGCCTOGACARRCAGCGCCCARCTOCAGCCA 1858

Rogldis CRTCTTATTATGC O ARG CAACAGCARC TECAGCCTOGACARRCAGGCCCARCTOCAGCCA 1618
WT CATCTTATTATGC OO ARG CARCAGCARAC TECAGCOCTOGACARRCAGGCCCARCTOCAGCCA 1618
smagla CATCTTATTATGC OO ARG CARACAGCARC TECAGCCTOGACARRCAGGCCCARCTOCAGCCA 1615

AdFRLAAd FRAAd LA A EMAAAELAAY FAAA FNAAA TR AR T RAA FAAAdFRAAA LA

Fig. S3. Alignment of Pp3c8_19720 genomic DNA sequences. An alignment was
performed with Pp3c8_19720 genomic DNA sequences from Phytozome (theoretical), and
those cloned and sequenced from nog1dis, snog1a and Reute:mCherry (WT). The SNPs
identified in snog71a are indicated in red bold type and highlighted in yellow.
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Fig. S4. Phylogenetic analysis of FLOE-related homologues in the green lineage.
Bootstrap values have been indicated on each branch. Both FLOE1L and FLOE2L clades
have also been indicated. The highlighted regions denote different groups as follows:
chlorophyte algae (pink), charophyte algae (green), mosses (blue), liverworts (red),
lycophytes (purple), gymnosperms (orange) and angiosperms (yellow). FLOE2L-1 has been
indicated in red text, as well as Arabidopsis FLOE1, FLOE2 and FLOES.
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Fig S6. Generation of the snog7a complementation line. A) Schematic of the construct
used to complement the snog7a mutant phenotype, and the resulting targeted locus. B)
Genotyping of the complementation line using SNOG1AGFP_F3 and SNOG1AGFP_R3
primers denoted by purple and green arrows in (A) respectively. The construct is only

detected in the complemented line and not in wild type (tubulin — control).
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Fig. S7. Generation of the nog1/floe2l-1 double disruptant line. (A) Schematic of the
construct used to disrupt the FLOEZ2L-1 locus in the nog7dis mutant, and the resulting
targeted locus. B) Genotyping of the complementation line using snog1a_del_genotyping_F
and snog1a_del_genotyping_R primers denoted by blue and red arrows in (A) respectively
(tubulin — control). C) Relative transcript levels of FLOEZ2L-1 in nog1dis and the nog1dis/
floe2l-1 double disruptant mutant (t test *p<0.05).
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Fig. S8. The snog7a mutant can form a fully functional cuticle. (A-E) Toluidine blue
staining of 2-month-old wild type (A), snog1a (B), nog1dis (C), snog1a complemented with
wild-type FLOEZ2L-1 (D) and the nog1dis/floe2l-1_4 double disruptant (E). Scale bars, 1 mm.
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Fig. S9. Transcriptome comparisons of wild type, nog7dis and the snog7a mutant. A)
Normalized read counts aligned to the NOG17 gene from the RNA-seq experiment. No reads
aligned to NOG1 in nog1dis or the snog7a mutant. B) Normalized read counts for FLOE2L
genes from the RNA-seq experiment — Pp3c8 19720 (FLOE2L-1), Pp3c24 13440
(FLOE2L-2), Pp3c11_23810 (FLOE2L-3) and Pp3c7_1641 (FLOE2L-4) (t test

*p<0.05, **p<0.01, ***p<0.001). C) RT-PCR showing presence of the FLOEZ2L-4 transcript in
wild type.

Development * Supplementary information



Development: doi:10.1242/dev.204508: Supplementary information

A

Comparison upregulated downregulated total no. DEGs % total genes
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Fig. S10. Differential gene expression analysis for RNA-seq data. A) Table showing
results of differential gene expression analysis for RNA-seq data. The number of genes that
were significantly differentially expressed (adjusted p value <0.05) in each comparison. B-D)
Gene Set Enrichment Analysis (GSEA) with Gene Ontology (GO) biological process terms
for nog1dis vs wild type (B), snog1a vs wild type (C) and snog7a vs the nog1dis mutant (D).
For each comparison, there are up to ten of the most significant activated and suppressed
biological processes. The colour indicates the adjusted p-value for the test for enrichment.
Count indicated the number of input genes. Gene ratio is the ratio of input genes to the total
number of genes in the gene set. Note that because P. patens genes were BLASTed again
Arabidopsis for this analysis, there were cases where P. patens had multiple genes mapping

to the same Arabidopsis gene, resulting in some gene ratios exceeding 1.
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Comparison upregulated downregulated total no. DEGs % total genes
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Fig. S11. Differential gene expression analysis (cytokinin response). A) Table showing
results of differential gene expression analysis for RNA-seq data — cytokinin treated
compared to control samples. B-D) Gene Set Enrichment Analysis (GSEA) with Gene
Ontology (GO) biological process terms for wild type (B), nog1dis (C) and the snog1a mutant
(D) treated in the presence or absence of cytokinin (BAP). For each comparison, there are up
to ten of the most significant activated and suppressed biological processes. The colour
indicates the adjusted p-value for the test for enrichment. Count indicated the number of input
genes. Gene ratio is the ratio of input genes to the total number of genes in the gene set. Note
that because P. patens genes were BLASTed again Arabidopsis for this analysis, there were
cases where P. patens had multiple genes mapping to the same Arabidopsis gene, resulting

in some gene ratios exceeding 1.
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Table S1. List of primers used in this study

Generation of the Ppnogldis mutant

Amplification of

5' region upstream of the PpNOGI sequence with KpnI

0OG1.5FKpnI IAAAGGTACCCCATCCATGCACACAACCAA . . . .
restriction site at the 5' end - forward primer
= - n - -
0G1. 5RXhol A AACTCGAGOCTCCGOTCCARACTCCCAC Amplllflc(latlon‘of 5' region upstream of the ?pNOGl sequence with Xhol
restriction site at the 5' end - reverse primer
= - n - -
0G1.3FNotT A AGCGECCGOTAATCTGTGTATGAGTTCAG Ampllflcz?ltlon‘of 3' region downstream of thg PpNOG1 sequence with NotI
restriction site at the 5' end - forward primer
= - n - -
0G1.3RnotT A AGCGECCGOGAGTTATCTAGTT TTGTGGA Ampllflc(.atlon‘of 3' region downstream of thg PpNOG1 sequence with NotI
restriction site at the 5' end - reverse primer
[Primers for RT-PCR
[tubF TGTGCTGTTGGACAATGAG Amplification of a tubulin transcript - forward primer
[t ubR IACATCAGATCGAACTTGTG Amplification of a tubulin transcript - reverse primer
OGl_GSP.F GTTGTAGGTTTGGAGTGGCG Amplification of the PpNOG1 transcript - forward primer
0G1l_GSP.R GCAAGTTGARAAGCCCACCT Amplification of the PpNOGI transcript - reverse primer
0G1_exon3F CCCGGAGCTTATTTCAGTTCG IAmplification of partial PpNOGI transcript - forward primer
0G1_exon5R TGATATTGCTTGCTCCTCATCA IAmplification of partial PpNOGI transcript - reverse primer
Pp3c7_1641 gPCR_F TGCAACGATACCAGGTCCAT Amplification of Pp3c7 1641 (PpFLOE2L-4) gene for RT-PCR - forward primer
[Pp3c7_1641 gPCR_R IATAAGCGAGAACTCCAGGGC Amplification of Pp3c7 1641 (PpFLOE2L-4) gene for RT-PCR - reverse primer
Isnogla mutation verification
pp3c8 19720 int F CAAGGCCTACCGTCTCATCC Amplifiz?ation of a'region withif‘t the Pp3c8719720‘genomic sequence
- — — containing the UV-induced mutations - forward primer
Pp3c8 19720 int R G TGGAGGAGGGACCTCTTGA Amplification of a region within the Pp3c8 19720 genomic sequence

containing the UV-induced mutations

- reverse primer

Generation of snogla complementation lines

Pp3c8_19720.FSall

aaagtcgacATGGATCATGTGGGATCC

Amplification of
restriction site

full-length cDNA transcript
at 5' end - forward primer

(no stop codon)

with SalTl

Pp3c8_19720.R_NOSTOP_HindIII

aaaaagcttCCGGCCATACCAGC

Amplification of
restriction site

full-length cDNA transcript
at 5' end - reverse primer

(no stop codon)

with HindIII

Verification of snogla complementation lines

SNOGLAGFP F3

GCAAGCATGGGGTTTGGAAG

Amplification of
- forward primer

portion of the Pp3c8 19720-GFP sequence

(in Pp3c8 19720 CDS sequence)

from genomic DNA

SNOGLAGFP R3

GCTGAACTTGIGGCCGTTTA

|Amplification of
- reverse primer

portion of the Pp3c8 19720-GFP sequence

(in GFP CDS)

from genomic DNA

Verification of PpFIOE2L-1 disruption lines

snogla_del genotyping F GTCCACCAAGACCACGAAAC Confirmation of 5' integration at the PpFLOE2L-1 locus - forward primer
snogla_del genotyping R CATCAGAGCAGCCGATTGTC Confirmation of 5' integration at the PpFLOE2L-1 locus - reverse primer
Primers for gPCR

Pp3c8_19720_gPCR F2 CAGCAGCAATCACAGGTTCA Amplification of Pp3c8 19720 transcript for gPCR - forward primer
[Pp3c8_19720_gPCR R2 TTCTGTCCTTGCGGTTGTTG Amplification of Pp3c8 19720 transcript for gPCR - reverse primer

E2_gPCR_F4

TACGGACCCTAATCCAGATGAC

Amplification

of a E2 transcript for gPCR -

forward primer

£2 gPCR_R4

CAACCCATTGCATACTTCTGAG

Amplification

of a E2 transcript for gPCR -

reverse primer
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