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Figure S1 (a) Heatmap showing betalain metabolite accumulation in Hylocereus undatus fruit pulp and A4.

sydowii H-1 pellets. (b-e) MS/MS fragmentation patterns (m/z values) of Gomphrenin-I (b), Isobetanin (c),

Isogomphrenin I (d), and Isophyllocactin (e).
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Figure S2 Metabolomic evidence for betalain biosynthesis in A. sydowii H-1. KEGG pathway enrichment

analysis of differential metabolites between H. undatus and WT (a), WT and A4sDODAI (b), WT and

OE::AsDODAI (c), and WT and A4dsMYBI (d).
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Figure S3 Copper transporter mutation leads to the inability of A. sydowii H-1 to synthesise spore
pigment and violet pigment. (a) Phenotypes of wild-type (WT) and copper transporter mutant strain (T3)
on potato medium (PDA) and fermentation medium (FM); (b) Intracellular tyrosinase enzyme activity and
violet pigment accumulation curve (ODs3snm) of WT and T3 strains after 2, 4, 6, and 8 days of culture in FM
medium; (c) Extracellular tyrosinase enzyme activity of WT and T3 strains after 2, 4, 6 and 8 days of culture

in FM medium.
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S4 Functional characterization of AsSDODA1 and AsTYRs. (a) Phylogenetic analysis of DODA

and LigB from plants, bacteria, and fungi. (b) Molecular docking results of ASDODAT1 and AsLigB with L-

DOPA. (c) Cu(A) and Cu(B) binding sites of AsTYRs (EVM0003851.1, EVM0000393.1, EVM0008360.1,

EVMO0012054.1, EVM0012179.1). (d) Molecular docking result of AsTYRs and tyrosine.
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Figure S5 (a) Schematic diagram of gene knockout and overexpression validation methods. Deletion strains
were verified by primer F1 and R1 to amplify fragment of upLB+hyg+RB. Overexpression strains were
verified by primer Y1 and Y2 to amplify fragment of gene and part of prf-HU2-EGFP vector. (b) PCR
amplification of genome to verify gene knockout strains. (c) PCR amplification results of genome to verify

overexpression strains.
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Figure S6 Influence of AsTYRs and AsDODAI1 on the growth and development of A. sydowii H-1. (a)

Colony diameter (cm) of AsTYRs and AsDODAI mutants. (b) Subcellular localization of AsTYRI1-3 and

AsDODAL.
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Figure S7 Promoter analysis of AsTYRs and AsDODAI. (a) PlantCARE analysis of AsTYRs and AsDODA 1

promoters to identify putative bHLH and MYB binding sites. (b) PCR amplification of AsTYRs and

AsDODA I promoters. (b) Selfactivation assays of the promoters of AsTYRs and AsDODAI.



Supplementary Table

Table S1 AsMYB gene number and type of A. sydowii H-1

Class Gene ID in A.sydowii H-1 Gene Name
2R-MYB EVMO0005360.1 AsMYB3
2R-MYB EVM0002366.1 AsMYB4
1IR-MYB EVM0002572.1 AsMYB?2
1R-MYB EVM0003129.1 AsMYB7
1R-MYB EVM0003866.1 AsMYBI8
2R-MYB EVMO0005044.1 AsMYB6
1R-MYB EVM0005581.1 AsMYB19
1IR-MYB EVM0006390.1 AsMYB9
2R-MYB EVMO0006427.1 AsMYBI1
1R-MYB EVM0006674.1 AsMYBI1
1IR-MYB EVMO0007054.1 AsMYBI10
1R-MYB EVM0007296.1 AsMYBS
1R-MYB EVM0009338.1 AsMYB13
IR-MYB EVMO0010893.1 AsMYB14
1R-MYB EVM0011303.1 AsMYBI15
2R-MYB EVMO0011581.1 AsMYBI2
2R-MYB EVMO0011646.1 AsMYBI16
1R-MYB EVM0012563.1 AsMYBI17
2R-MYB EVM0007782.1 AsMYBS




Table S2 Identified genes participating in the betanin synthesis pathway

Enzyme G D 2d_FP 2d_FP 2d_FP 8d_FP 8d_FP 8d_FP Gene
ene
name KM KM KM KM KM KM Name
EVMO00121
9.1 8.19 23.06 25.38 0.97 0.15 0.64 AsTYRS
EVMO00120
41 79.91 45.15 29.85 9.54 6.13 14.94 AsTYR2
) EVMO00083
Tyrosinase 60.1 4.28 4.88 5.14 107.83 96.26 97.24 AsTYR3
(EC i
EVMO00054
1.10.3.1) 14.1 11.09 10.96 10.85 6.56 6.13 6.93 AsTYR6
EVMO00038
511 6.58 5.24 5.35 4.04 2.24 2.07 AsTYR3
EVMO00003
93.1 0.29 0.15 0.04 300.35 26.42 240.09 AsTYRI
Dopa 4,5-
dioxygenase EVMO00083
(EC 16.1 14.1 16.94 18.09 16.26 4.88 20.49 AsDODAI

1.13.11-)




Table S3 Primers for Gene Knockout and Overexpression Vector Construction

Primer name

Sequence

KOCZ-prf-hu2-F
KOCZ-prf-hu2-R
CZHYG-F
CZHYG-R
CZ8360-LB-F
CZ8360-LB-R
CZ8360-RB-F
CZ8360-RB-R
CZ3851-LB-F
CZ3851-LB-R
CZ3851-RB-F
CZ3851-RB-R
CZ393-LB-F
CZ393-LB-R
CZ393-RB-F
CZ393-RB-R
CZ8319-LB-F
CZ8319-LB-R
CZ8319-RB-F
CZ8319-RB-R
CZ12179-LB2 F
CZ12179-LB2 R
CZ12179-RB2_F
CZ12179-RB2 R
CZ12054-LB_F
CZ12054-LB R
CZ12054-RB_F
CZ12054-RB R
CZ5414-LB F
CZ5414-LB R
CZ5414-RB F
CZ5414-RB R
prf-hu2-EGFP-lin-F

gagctcgaattcactggecgt
aagcttcgtgactcccttaat
actagtcgggggatcctctag
gggcccatcgatgatcaggee
acggccagtgaattcgagctc AGAGCAGTCTAGAAGTGGACT
ggcctgatcatcgatgggcccCGTGGAAGCACCAGCG
ctagaggatccccegactagt AGAGATTGTTTACTGGTTTACACC
attaagggagtcacgaagcttGAGGTGAGGATGGAGAGAAT
acggccagtgaattcgagctcGGCGGCCGCAATCGA
ggcctgatcatcgatggecccGTAAGGTTGGGCCAATGTC
ctagaggatcccccgactagtCTTCACAAATCAGATTTGGTTT
attaagggagtcacgaagcttTCATGTTGAATTATAACTAACCAGTG
acggccagtgaattcgagctc ATCGCTTCGATTCGGC
ggcctgatcatcgatgggcccGGCTATATCGATCTATTGTCGA
ctagaggatcccccgactagtCCAAGAATGGATATTGCTATATT
attaagggagtcacgaagcttGCTAGTAGAATGCTGCGAC
acggccagtgaattcgagctc AAGATGGAAGAGCGGCA

ggcctgatcatcgatgggccc TGGAAGTTATAGATCTGATTAGATAC

ctagaggatccccegactagtTGCCAAGAAACCCATCAC
attaagggagtcacgaagcttAAGAGATCGAACTCGGT
acggccagtgaattcgagcetcgattccgacggecccca
ggcctgatcatcgatgggeccgggagagcetectggecaa
ctagaggatcccccgactagtccctcgacgacatgeagtat
attaagggagtcacgaagcttaagaaggccttgggcgtg
acggccagtgaattcgagctccgtegtgcgaagaattc
ggcctgatcatcgatgggcccccctgecatgaccaag
ctagaggatcccccgactagtgggcaaaacctggatattc
attaagggagtcacgaagcttaagggaaggegageag
acggccagtgaattcgagctcaaagacatggeacgtct
ggcctgatcatcgatgggecctttgaatgetgttcggtaac
ctagaggatcccccgactagtggectgtcatgatcatgg
attaagggagtcacgaagcttgaacccactgccagga
gctgaggacttaatggteag
tgatgtctgetcaagegg

prf-hu2-EGFP-lin-R
prf-hu2-EGFP-TrpC-F
prf-hu2-EGFP-TrpC-R

aagaaggattacctctaaacaagt

acttgtttagaggtaatccttctt

OE-5414cds_F
OE-5414cds R
OE-12179¢cds_F
OE-12179cds R
OE-3851cds F
OE-3851cds R

cttgagcagacatcaATGCATTTGTCCCTCACG
cattaagtcctcagcCTATACATAAATATAACAATACCTA
cttgagcagacatcaATGCGTTTCTCACTCACTGC
cattaagtcctcagc TTAAAGATAGACATAGCAAAAAGGC
cttgagcagacatcaATGACTCGCGGGGCT
cattaagtcctcagcTCAAGCAGAGTCATAGGTGT



OE-8360cds_F
OE-8360cds_R
OE-393cds_F
OE-393cds R
OE-12054cds_F
OE-12054cds R
OE-8319cds_F
OE-8319cds_R

cttgagcagacatcaATGTTACTCACGAGAAAAGCA
cattaagtcctcagcCTACTCAAGAATACTCCTATCATACT
cttgagcagacatcaATGTTTTCAAGAATGTCTTCA
cattaagtcctcagcCTAATCATAAATATAGCAATA
cttgagcagacatcaATGACAGTCCTCTGGTTTC
cattaagtcctcagc TCACTCGTATTGCGCGC
cttgagcagacatcaATGACAGACCAGTTCGCTTT
cattaagtcctcagcCTATAACTTATCCCCCTTACTCTTC




