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Supplementary Information  1 

 2 

Supplementary Figure S1: MyA-treatment delays Dictyostelium development. 3 
Developmental phenotypes, in the absence of MyA (control), showing fruiting body 4 
morphology at 48 hours, from top-down view and individual fruiting bodies (side view 5 
insert). Development in the presence of MyA (100 µM) was restored at 48 hours. 6 
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Supplementary Figure S2: MyA growth resistance screen. (A) D. discoideum growth 11 
resistance screens are commonly used to provide an unbiased search for genes controlling 12 
sensitivity to bioactive compounds. Here, different mutants are represented by different colours. 13 
Following exposure to a compound that reduces cell growth, two mutants (coloured red and 14 
yellow) continue growth, suggesting genes lost in these mutants regulate to sensitivity. (B) For 15 
each mutant, after compound exposure, fold change in levels of each mutant identified through 16 
next generation REMI-sequencing (REMI seq) (Gruenheit et al., 2019) provides a readout for 17 
resistance or sensitivity. (C) Following the third round of screening, a resistance check was 18 
performed using 5 x 105 cells per ml of WT GFP expressing cells grown together with 5 x 105 19 
cells from the final round of screening for 48 hours in 100 µM of MyA. The ratio of WT GFP 20 
expressing cells to REMI-seq cells was calculated using a BD FACSCanto cell analyzer. A 21 
decrease in WT-GFP cells and an increase in REMI cells shows the presence of resistant 22 
mutants. (D)  Mutant sequencing read counts which correlates towards mutant abundance was 23 
plotted for MyA treatment against control pools. Those mutants which showed a significant 24 
increase in growth against control pools were deemed to show selective resistance to MyA. This 25 
supplementary figure refers to main Figure 2. 26 
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Supplementary Figure S3: MyA resistance mutants identified in growth resistance screen. 38 
Following MyA growth resistance screen, 125 mutants were identified showing enhanced growth 39 
(green, resistant) or reduced growth (red, sensitive), shown here with Dictybase gene ID, gene 40 
name (if known), GO terminology, and potential A. thaliana homologue and accession number. 41 
This supplementary figure refers to main Figure 2. 42 
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Supplementary Figure S4: String analysis of all MyA resistant mutants. String Analysis for all 53 
proteins ablated in 112 MyA resistant mutants identified during mutant library screening. Lines 54 
connecting individual mutants indicate connectivity. This supplementary figure refers to main Figure 55 
2. 56 
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Name Accession Description Organism 

ACTACCOXI M97961.1 AdAco1 Actinidia deliciosa 

HQ293205 HQ293205.1 AdAco2 Actinidia deliciosa 

HQ293207 HQ293207.1 AdAco3 Actinidia deliciosa 

HQ293209 HQ293209.1 AdAco4 Actinidia deliciosa 

HQ293211 HQ293211.1 AdAco5 Actinidia deliciosa 

NM_127517 NM_127517.5 AtAco1 Arabidopsis thaliana 

NM_104918 NM_104918.5 AtAco2 Arabidopsis thaliana 

NM_101073 NM_101073.3 AtAco3 Arabidopsis thaliana 

NM_106382 NM_106382.3 AtAco5 Arabidopsis thaliana 

NM_100380 NM_100380.4 AtEFE Arabidopsis thaliana 

AY154649 AY154649.1 BpAco2 Betula pendula 

X97992 X97992.1 BpAco3 Betula pendula 

X97994 X97994.1 BpAco5 Betula pendula 

XM_010490852 XM_010490852.2 CsAco1 Camelina sativa 

XM_637519 XM_637519.1 DdAco1 Dictyostelium discoideum AX4 

AB291210 AB291210.1 DmAco1 Dictyostelium mucoroides 

HNNACC L29405.1 HaAco1 Helianthus annuus 

HAU62554 U62554.1 HaAco2 Helianthus annuus 

HAU62555 U62555.1 HaAco3 Helianthus annuus 

AB158345 AB158345.1 LsAco1 Lactuca sativa 

AB158346 AB158346.1 LsAco2 Lactuca sativa 

AB158347 AB158347.1 LsAco3 Lactuca sativa 

AF049888 AF049888.1 OsAco1 Oryza sativa 

X85747 X85747.1 OsAco1 Oryza sativa Indica Group 

AF049889 AF049889.1 OsAco2 Oryza sativa 

PETACO1A L21976.2 PhAco1 Petunia x hybrida 

PETACO2A L21977.1 PhAco2 Petunia x hybrida 

PETACO3A L21978.1 PhAco3 Petunia x hybrida 

PETACO4A L21979.1 PhAco4 Petunia x hybrida 

RpACO1 Y10034.1 RpAco1 Rumex palustris 

AF041479 AF041479.1 RpAco2 Rumex palustris 
Supplementary Figure S5. Phylogenetic analysis of Dictyostelium and plant ACO proteins. 71 
(A) Neighbor-joining phylogentic tree is based on similarity of proteins. Alignment of sequences 72 
and neighbough joining tree was constructed in Geneious R.9 using Jukes-Cantor as the genetic 73 
distance model. Scale bar indicates bootstrap values (100 replications).  (B)  Protein sequences 74 
used for phylogenetic analysis.  75 
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Supplementary Figure S6. Tertiary structure analysis of D. discoideum ACO enzymes and 77 
MyA binding. Space-filling model of D. discoideum ACO enzyme, shown with binding by existing 78 
ACO inhibitors AIB (pink), POA (green) and MyA (light blue) within the catalytic pocket. 79 
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Supplementary Figure S7: Genetic ablation of D. discoideum acoA gene. (A) Schematic of 89 
Dictyostelium ACO gene showing location of Crispr guides and (B) Crispr guide sequences. (C, 90 
D) Schematic showing mutated site (red triangle) and sequence analysis for two independent 91 
mutations, leading to (E) a frame shift from AA80. (F) Both independent mutants show common 92 
block in development at the mound stage (size bar = 1mm). (G) Growth sensitivity of Wild type 93 
(Ax3) and Aco- cells were analysed as described in the methods. Growth rates were calculated, 94 
for each MyA concentration in cell type, and used to provide the secondary plot shown in Figure 95 
3. Data represents 3 biological repeats analysed with 3 technical repeats. This supplementary 96 
figure refers to main Figure 2. 97 
 98 
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Supplementary Figure S8: MyA regulates D. discoideum development through loss 102 
of ethylene.  (A) To quantify developmental effects of MyA, expression of specific 103 
developmental genes can be monitored, including (B) csA (Contact site A), (C) cAR1 104 
(cAMP receptor 1) and (D) AcoA. Here, wild type cells, in solvent only conditions, or with 105 
MyA (100 µM) alone or in the presence of CEPA, were allowed to develop for the 106 
indicated time periods, RNA was extracted, and gene expression determined using 107 
quantitative PCR, expressed as absolute copy number. Data is derived from 3 108 
independent experiments analysed in triplicate, and shown as mean ± SEM, with 109 
statistical analysis performed using a Student’s t-test comparing WT with WT + MyA with 110 
** (red) P<0.01, and WT + Mya with WT + MyA + CEPA ** (black) P< 0.01 and 111 
***P<0.001 at the point of greatest difference.   112 
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Supplementary Figure S9: Dose dependent reduction in A. thaliana endosperm rupture 123 
following ethylene inhibition by AIB. This supplementary figure refers to main Figure 5. 124 
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Supplementary Figure S10: MyA inhibits ethylene response in A. thaliana seedlings.  (A, B) 127 
To provide further evidence for the effect of MyA on inhibition of ethylene production in A. thaliana 128 
Col-0 seedlings, root and hypocotyl growth was assess in the presence of increased ethylene by 129 
addition of ACC (5 and 10 M) and with the addition of MyA (25 µM) or AIB (2mM), or through 130 
CEPA treatment ± MyA (300 M)(n=3). Statistical analysis is shown for root (brown asterisk) and 131 
hypocotyl (green hash) comparing ACC with corresponding MyA or AIB treatments or comparing 132 
MyA with MyA and CEPA. (C) Schematic showing the effects of MyA on A. thaliana seedling 133 
growth, reducing effects of ACC-dependent ethylene production by ACO, and reducing seedling 134 
growth with effects partially rescued by exogenous ethylene provided by CEPA. Statistical 135 
analysis performed using a Student’s t-test for control and the lowest concentration of compounds 136 
showing an effect (brown asterisk for root, green hatch for hypocotyl) *** or ###P<0.001. Data 137 
derived from three independent experiments, with at least 5 seedlings per experiments shown as 138 
mean ± SEM. 139 
  140 
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Supplementary Figure S11: MyA blocks ethylene promoted Apical Hook curvature. MyA, 4B 143 
and 16B treatment of A. thaliana seedlings was assessed for the inhibition of apical hook curvature 144 
as part of the ethylene triple response after 4 days of growth. MyA caused a concentration 145 
dependant decrease in the bothACC promoted ACC induced apical hook curvature. Images shows 146 
representative seedling from 3 independent experiments, each with 5 seedlings. Ethylene response 147 
can be seen for ACC treatment, with increased root hair density and length together with an 148 
exaggerated apical hook. Scale bar = 0.3 mm. Data represents average and SEM (error bars) 149 
shown with statistical analysis performed using a student t test. *** Indicate P<0.005). Statistical 150 
analysis is performed for Acc treatment against Acc plus MyA, 4B and 16B treatment. Apical hook 151 
angle was measured as Angle X shown in (A). 152 
.  153 
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Supplementary Figure S12: In silico analysis of novel compounds (ETHi) binding to Petunia 158 
Aco, showing similes, Pubchem ID, binding pocket, full fitness, delta G for 83 compounds related 159 
to MyA.This supplementary figure refers to main Figure 7. 160 
 161 
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Supplementary Figure S13: Bioactivity analysis of novel ethylene inhibitors (ETHi) for efficacy in 167 
reducing the phenotype identified in blocking ethylene production in D. discoideum. Compounds 168 
predicted by molecular modelling to bind to the plant ACO enzyme (Supplementary. Fig. 7) were 169 
tested for developmental delay effects in D. discoideum, to mimic that shown for established 170 
ethylene inhibitors and MyA, blocking development at the mound stage, where ‘***’ =  delayed to 171 
mounds (MyA-like) , ‘**’ = mostly mounds several breakthrough, ‘*’ = less delayed development 172 
and ‘-’ = no effect on development. Compounds are listed as preliminary names, activity related 173 
to inhibition of development, MolPort ID, and IUPAC name. This supplementary figure refers to 174 
main Figure 7. 175 
 176 
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 182 
Supplementary Figure S14: Second round of bioactivity analysis of novel ethylene inhibitors 183 
(ETHi) for efficacy in reducing the phenotype identified in blocking ethylene production in D. 184 
discoideum. A. Compounds identified in the first round of testing (Sup. Fig. 13) were used to 185 
identify related compounds, that were tested for developmental delay effects in D. discoideum, to 186 
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mimic that shown for established ethylene inhibitors and MyA, blocking development at the 187 
mound stage, where ‘***’ =  delayed to mounds (MyA-like) , ‘**’ = mostly mounds several 188 
breakthrough, ‘*’ = less delayed development and ‘-’ = no effect on development. Compounds are 189 
listed as preliminary names, activity related to inhibition of development, MolPort ID, and IUPAC 190 
name. B. and C. Compound structures are indicated for highly potent and intermediary potency 191 
respectively. This supplementary figure refers to main Figure 7. 192 
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