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Figure S1. Phenotypic characterization of ad1 alleles.  

(a) The tassel phenotype of A619, rel2-ref and rel2-ref;ad1-224 original M2 family. (b) The 

tassel phenotype of wild type sibling and ad1-ref mutants. (c) The seedling phenotype of 

wild type sibling and ad1-ref mutants. (d) The original ad1-9.2121 allele in ra1-63.3359 

Mo17 background. (e) The ad1-9.2121 allele in BC3(B73). (f) Mature ear phenotype of 

ad1-9.2121 mutants. No visible defects is observed. (g) Tassel spikelets of wild type and 

ad1-224 mutants. Scale bars, 1 cm. (h) Images of glumes in wild type and ad1-224 mutant 

tassels. Scale bars, 0.1 cm. (i) Quantification of the glume length of wild type and ad1-

224 mutants (n≥20). Error bars show SD; **p<0.001. (j) SEM image showing the second 

leaf (Lf2) fused to the surface of first leaf (Lf1) along the edge in ad1-224 mutants. (k) 

SEM showing a macrohair fused to epidermal cells in ad1-224 mutants. Scale bars in J 

and K, 100μm. (l) SEM images of immature ears in wild type and ad1-ref. The glume of 

adjacent spikelets are fused in ad1-ref mutants. Right image is higher magnification of 

the area framed in left panel. Scale bars, 500μm. Arrows point to regions of fusion events. 
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Figure S2. Expression analysis of the KCS gene family in maize.  

(a) Sequence of the insertion in the ad1-ref allele at position +947. In red, partial coding 

sequence. (b) Quantitative RT-PCR of AD1 in different maize tissues. The y axis shows 

the fold change relative to embryo expression levels. Error bars show SD, n=3. (c) In situ 

hybridizations of AD1 sense control probe in embryo (left panel) and tassel (right panel). 

Scale bar, 200 μm. (d) RNA-seq expression levels of KCS genes in different tissues, from 

Stelpflug et al. 2016. (e) Confocal images of YFP-AD1 shows co-localization with the ER 

marker mCHERRY-CNX1 in N. benthamiana leaf epidermal cells. Scale bars, 50μm.  
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Figure S3. Neighbor-joining phylogenetic tree of maize (GRMZM) and Arabidopsis (AT) 

KCS family proteins. Numbers represent reliability levels based on 1000 boostrap 

replications.  
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Figure S4. Cuticular wax analysis in ad1-ref mutants.  
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(a) Total wax coverage and amount of each wax class in ad1-ref mutants and wild type 

leaves. The inset shows the less abundant wax classes at a different scale to more clearly 

visualize significant differences. (b-g) Concentration of individual components in each 

wax class. primary alcohol (b), fatty acid (c), aldehyde (d), alkane (e), wax ester (f) and 

alicyclic (g). Means of 4 replicates and SD are reported. *p<0.05; **p<0.01, Student’s test. 

(h) SEM images of epicuticular wax crystals on the third leaves in A619, ad1-224, WT-

sibling and ad1-ref samples used for the analysis. Scale bars, 5μm.  
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Figure S5. Analysis of FDL1 function.  

(a) SEM images of epicuticular wax crystals on the third leaves in wild type and fdl1-Mu. 

Scale bars, 5μm. (b) Water loss assays. Error bars show SD, n=3. (c) Chlorophyll leaching 

assays. Error bars show SD, n=3. (d,e) mRNA in situ hybridizations using FDL1 sense 

control (d) and antisense probes (e). Expression pattern in embryo (d) and tassel (e); the 

right image is a higher magnification of the area framed in the left panel. Scale bars, 

200μm.  
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Figure S6. Double ad1-ref;fdl1-Mu mutant analysis.  

(a) SEM images of epicuticular wax crystals on the third leaves in wild type, ad1-ref, fdl1-

Mu and ad1-ref;fdl1-Mu. Scale bars, 5μm. (b) Water loss assays of dark-acclimated 

plants. Error bars show SD, n=3. (c) Chlorophyll leaching assays. Extracted chlorophyll 

contents at individual time points were expressed as percentages of that at 24 h after 

initial immersion. Error bars show SD, n=3. (d) Mature leaf fusion defects in single and 

double ad1 fdl1 mutant adult plants. (e) Phenotype of single and double mutant plants 

exposed to drought stress.  
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Figure S7. FDL1 DNA binding analysis.  

(a) Distribution of FDL1 peaks within gene features. (b) Comparison of DAP-seq identified 

motifs for ZmMYB94 and AtMYB94 and AtMYB96 (O’Malley et al., 2015). ZmMYB94 and 

AtMYB94 show highly similar motifs with minor nucleotide variants. (c) Alignment of AD1 

5’UTR region from maize reference genome inbred line B73 and two additional inbred 

lines, Mo17 and W22. Region containing CCAACC motifs (highlighted in green; 

numbered) are conserved across inbreds. (d) EMSA showing GST-FDL1 directly binds 

to the promoter of AD1. Mutation of three of the four CCAACC motifs shown in (c) 

abolishes the interaction. Competition with unlabeled probe shows specificity of 

interaction. (e) Comparison of AD1 and selected KCS genes expression levels between 

wild type and fdl1-Mu. The maize UBIQUITIN gene was used as reference. Values are 

means ± SD (n=3). *p<0.001, Student’s two-tail t-test.  
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Figure S8. Genome browser screenshots of FDL1 binding.  

(a) Genome browser screenshots showing location of FDL1 binding events in several 

KCS and other cuticular wax related biosynthesis genes. Screenshots showing FDL1 

binding in cutin biosynthesis related genes (b), cuticular transporters (c), genes related to 

fatty acid biosynthesis and regulation (d), genes encoding cell wall modifying enzymes 

(e), a gene regulating phospholipid biosynthesis (f), and genes involved in drought or 

desiccation tolerance (g). In all panels, 200bp peak regions are shown as green intensity 

bars under the green FDL1 binding peaks. A negative control sample (affinity tag only) is 

shown as a gray colored peak track under the green FDL1 peak track.  

 

 
  



 14 

 
 
Figure S9. Analysis of FDL1 expression and binding targets.  

(a) FDL1/ZmMYB94 and closely related MYB transcription factors are expressed in many 

tissues throughout development. ZmMYB162 is directly bound by FDL1 and up-regulated 

in fdl1-Mu coleoptiles. ZmMYB83 and ZmMYB123 are directly bound by FDL1 in DAP-

seq. Tissue specific RNA-seq data from Stelpflug et al. (b) Differentially expressed genes 

in fdl1-Mu mutant coleoptiles related to phenylpropanoid metabolism. Genes that were 

directly bound by FDL1 in DAP-seq are shown in bold. 
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Table S1. List of primers used in this study. 
 

 

 

 
  



 16 

 
 
Table S2. List of genes involved in cuticle formation directly bound by FDL1 in DAP-seq.  
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