Supplemental Figures:
Fig. S1: Comparison of Arabidopsis and Physcomitrella HPAT protein sequences. 
(a) Multiple sequence alignment of the three Arabidopsis (At) and two Physcomitrella (Pp) HPATs. Identical residues are marked with ‘*’, conservative substitutions with ‘:’ and semi-conservative substitutions with ‘.’. 
(b) Pairwise comparisons of protein similarity by the Needleman-Wunsch algorithm.

Fig. S2: T-DNA insertion mutations disrupting Arabidopsis HPAT expression
(a) Gene diagrams of the Arabidopsis HPATs and T-DNA insertion alleles. Insertion sites of mutants are marked by triangles and the single pass transmembrane region is marked in grey. 
(b) RT-PCR of seedlings at 7 days post germination showing loss of expression in the null alleles used here. hpat2-3 is a knockdown allele. 
(c) Plants of the indicated genotypes showed no vegetative or reproductive shoot phenotypes. 
 
Fig. S3: Reduced seed set in hpat1 hpat3 is exclusively due to a pollen defect
(a) Dissected mature siliques from WT (top) and hpat1 hpat3/+ (middle) plants do not show empty positions for non-fertilized or aborted ovules. hpat1 hpat3 homozygous double mutants (bottom) however, have many empty silique positions due to non-fertilized ovules.
(b) Pollen-specific promoter (AtSTP9, Schneidereit et al., 2003) driving expression of either HPAT1 or HPAT3 in hpat1 hpat3 double mutant plants is sufficient to restore seed set to WT levels. The number of seeds per silique (mean +/- SD, N=25) is shown for the indicated genotypes including multiple independent first generation (T1) transgenic lines. 

Fig. S4: Generation and phenotypic analysis of hpat1 hpat2 hpat3 triple mutant plants 
(a) Crossing scheme used to generate the hpat1 hpat2 hpat3 triple mutant. hpat1 and hpat3 are linked on chromosome 5, and hpat2 is on chromosome 2. Lesions are marked by ‘*’ and chromosomes without mutant alleles are not shown. We first generated a triple heterozygote F1 with hpat1 and hpat3 in cis, then backcrossed the F1 as a female to hpat1 hpat3 double mutants. From this backcross, we recovered the number of individuals of genotypes shown in b. Recombination between hpat1 and hpat3 yielded the genotypes highlighted in pink. hpat1 hpat2/+ hpat3 individuals (grey boxes) were self-fertilized, and the resulting progeny was genotyped to reveal the expected 1:2:1 segregation ratio for hpat2 (c), and the recovery of hpat1, 2, 3 triple mutant plants, which were confirmed by genotyping. 
(d) Fully expanded, unripe siliques from the primary bolt of WT (left), hpat1 hpat3 double mutant (middle) and hpat1 hpat2 hpat3 triple mutant (right) plants show reduced silique length in the double and triple mutants. 
(e) Quantification of number of seeds per silique (mean +/- SD, N=25) for WT Columbia (black bar), single mutants (dark grey bars), hpat1 hpat3 double mutants with and without addition of WT pollen (light grey bars) and the triple mutant (white bar). 
(f) Histogram of in vitro pollen tube lengths after 8 hours of growth. N=250 tubes for each genotype. 

Fig. S5: Generation of Physcomitrella hpat mutants
(a) Expression level (mean +/- SEM) of HPATa and HPATb across a number of tissue types based on a series of microarray experiments (Hiss et al., 2014). The number of samples per tissue type is shown below. In all tissues, HPATa is more highly expressed than HPATb. The bar to the left marks expression level for the PP_28K Physcomitrella all gene array platform, with medium corresponding to the interquartile range. Data were obtained from Genevestigator (Hruz et al., 2008; www.genevestigator.com). 
(b) To characterize insertion of the selection cassette into the target gene, we genotyped for insertion at the left and right border and internally. A diagram of the insertion region shows the location of genotyping primers (top) with primer numbers corresponding to the genotyping results (bottom). 
(c) Copy number of the insertion was estimated by qPCR for the left flanking region of the transformation construct. In the WT, this region is present in a single copy whereas in mutant lines, multiple insertion events can increase the copy number. Line #41 appears to be a single copy insertion and was chosen for further characterization and as the starting line for generating the hpata hpatb double mutant. 
(d) The selection cassette used to generate mutants contains a GFP-GUS reporter which is broadly expressed in the protonemal network of line hapta #41. 
(e) Plants of the indicated lines 21 days post subculture. Double mutants were generated by knocking out hpatb in the hpata #41 background. hpata #41, hpatb #2 and hpata hpatb #5 were used in subsequent analyses. 
(f) Plant diameter at 21 days post subculture (mean +/- SD). ‘*’ marks significant difference from wild type (WT) at Student’s t-test, p-value <0.05.
(g) RT-PCR for expression of the indicated genes. Ribosomal protein L21 (Reski et al., 1998) was used as a positive control.
 

Fig. S6: hpata phenotypes on various media compositions and hormone treatments
(a) WT (top) and hpata (bottom) plants 21 days post subculture (dps) grown on the indicated media type. Though variation in media composition results in large changes in plant form, hpata is still larger than WT under all tested conditions. 
(b) Protonemal network diameter (mean+/- SD) at 21dps. 
(c) WT (top) and hpata (bottom) plants 21dps grown on standard media supplemented with 1.0m 1-naphthaleneacetic acid (NAA, synthetic auxin) or 6-benzylaminopurine (BAP, synthetic cytokinin). 
(d) Protonemal network diameter (mean +/-SD) at 21dps. In B and D, ‘*’ marks p-value <0.05, ‘**’ marks p-value <0.005, ‘***’ marks p-value <0.0005 based on Student’s t-tests. Scale bar = 1cm.

Fig. S7: Cell wall-associated hyp-arabinosides are not detectable in full hpat loss of function mutants
Cell wall fractions (alcohol insoluble residue, AIR) from the indicated genotypes were hydrolyzed with Ba(OH)2 to cleave peptide backbones but not sugar-hydroxyproline bonds,  freed of Asp, Glu, Arg, Lys, His, run on a high-voltage paper electropheretogram at pH 2.0 and stained with isatin/ninhydrin. DPN-lysine (circled) was added as an internal marker to monitor relative migration between samples and a tomato cell-culture sample, an abundant source of hyp-oligoarabinosides, was run for comparison along with separate marker mixtures. WT and single mutants have weak, but detectable Hyp-oligoarabinoside signal, however, this signal is not visible in the Arabidopsis triple mutant or the Physcomitrella double mutant samples. 

Fig. S8: FEI1 related genes are up- and down-regulated in hpata
(a) Relative expression level of selected genes differentially expressed in hpata (table S3 and S4) determined by qRT-PCR using independent RNA samples in triplicate. Genes marked with green and red background are similar to Arabidopsis FEI1. 
(b) Maximum parsimony phylogenetic tree of Arabidopsis and Physcomitrella FEI-like proteins based on full-length protein sequences with bootstrap values for 1000 replicates given in nodes. The two differentially expressed Physcomitrella genes are marked by red (down-regulated) and green (up-regulated).

Fig. S9: Cell wall structure is not grossly altered in hpata hpatb mutants
Transmission electron micrographs of WT (a and b) and hpata hpatb mutant (c and d) protonemal filaments. The approximate areas magnified in b and d are marked with boxes in a and c. a and c and b and d at same magnification.


Fig. S10: The Physcomitrella genome encodes LRX-like extensin chimeras
(a) Maximum parsimony phylogenetic tree of the Arabidopsis and Physcomitrella LRX gene family along with Pex1 from maize. Phylogeny is based on the conserved N-terminal region excluding the extensin like region with bootstrap values for 1000 replicates given in nodes. Physcomitrella sequences are indicated with green, and those expressed in pollen are marked in blue (Baumberger et al., 2003b). 
(b) Diagrams of Arabidopsis LRX1 and the LRX-like proteins from Physcomitrella identified by Ser(Pro)4 motif search.
(c) The two protein models not identified as high Ser(Pro)4 containing (table S5) have smaller Ser- and Pro-rich regions containing fewer Ser(Pro)4 motifs. Several of the Physcomitralla sequences also contain C-type lectin domains at the C-terminus and all share a Cys rich region with LRX1.
[bookmark: _GoBack]Supplemental Tables:
Table S1. Transmission rate of hpat1 hpat3 mutations
Crosses between the indicated genotypes were carried out, and the resulting progeny was genotyped for the heterozygous mutation. N is the total number of progeny analyzed, and statistical significance was determined by 2 test for deviation from the expected value of 50% for unbiased transmission. 

Table S2. Physcomitrella genes containing Ser(Pro)3-5 motifs
Provided as a separate .xls file. The full Physcomitrella v1.6 proteome was searched for protein sequences containing Ser(Pro)5, Ser(Pro)4, Ser(Pro)3 or Ser(Pro)2 motifs using a custom Perl script. All proteins containing three or more Ser(Pro)3 motifs are shown. 

Table S3. List of genes down-regulated in Physcomitrella hpat mutants
Provided as a separate .xls file. Genes identified as significantly differentially expressed at FDR<10% for hpata vs. WT comparisons are reported.

Table S4. List of genes up-regulated in Physcomitrella hpat mutants
Provided as a separate .xls file. Genes identified as significantly differentially expressed at FDR<25% for hpata vs. WT comparisons are reported.

Table S5. Enriched categories of differentially expressed genes
Provided as a separate .xls file. 

Table S6. Primer sequences used in this study
Provided as a separate .xls file.
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