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1. The numbers at the nodes indicate the levels of bootstrap support based on Kimura 

distance and the neighbour-joining method. 

 

Figure S1. The numbers at the nodes indicate the levels of bootstrap support based on Kimura 

distance and the neighbor-joining method. 

2. Homologous evolutionary relationship of key genes in the upstream flavonoid 

synthesis pathway. Evolutionary analysis was performed using MEGA X. Clustal W was 

used to compare each protein sequence. Based on the Poisson model, the phylogenetic 

tree was constructed by NJ (Neighbor-joining) method and evaluated with bootstrap 

value 5000. In order to further confirm the Protein homology, the similarity search of Hid-

den Markov model (HMM) (E value <1e-5) was used to identify the characteristic Protein 

family (Pfam) domains contained in the two closest phylogenetic protein sequences. Rel-

evant protein sequences were submitted to InterProScan 5 for conserved domain search. 

(1).CHI：  

> KALODDLK_00111 tRNA 5-methylaminomethyl-2-thiouridine biosynthesis bi-

functional protein MnmC 

MIGAGIAGASVAYFLGRAGAQVTVVDAGAHRASDVPSALINPVRGQSGGVDAR-

ALDGMRFT-

WTLLRDLKAAGHAVPHAQLGVLRPIPDDRARARFERNLPAALNHAWLSSADAPEPL

APGWGHVLHLPDGGWVDGPAFTRALVQASGAQVVTGRAQDW-

TARTVTLAGGDTLSGDAV-

VFCGGSVGVTWRGEAATHRRGTLLTLDRAVTRVPLSFGAYLAPDARGGVLGATFETPS

PTWTPDGLPLASLGWLLGKGAALTDLRGARVTGHWTGTRLSGLNAG-

PQGGGTWWLTGLSSKGFLLGPLLAAELASELMSAARPG 

> WP_029242752.1 FAD-dependent oxidoreductase [Pseudomonas viridiflava] 

MSTLFETDALIIGGGIVGASAALALALKGKRVALLERDFCGSHSSGVNY-

GGVRRQGRPLSQLPLSQRAHHIWGNLRDLIGIDGEYQRSGHLKLARSDQDMYALRAY

AQASQGFGLDLQLLDRAELRARF-

PWAGDVAVGASLCADDGHANPRLVSPAFARAAR-

LAGAQVFEQAQVTQVNHDGQAFIVETANGLKLRAPWLLNCAGAWAGQLAAQFNE

PVPMYSGHPAMLVTEPLPMFMDVSTGVEGGGIYARQVARGNCVLGGGQGFALD-

PAR-

TRPGQAAVLDILRNAVELYPPLKGAQAIRTWSGTEGYLPDREPVLGPSLAQPGLLHGF
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GFAGAGFQIGPAAGEALAEWVCAGHSSISLDAFSIGRFRTEQALSITDSTLIVSPRSA-

PEPVSNVIPLHRGRSPL 

 

 

(2).CHS:   

>KALODDLK_00431 1,3,6,8-tetrahydroxynaphthalene synthase 

MRRMPLTPHLRALVTGTPPHLTPQTQVQEAARTLFPRMAARPQLLDVFT-

NAMIDTRALARPLEWYLTPRGFGEKNAVFVQEARALTRRLAQEALAAAQITPADVD

AVVVVNTSGISAPSLDADLIEHLGINRHAARLPVWGLGCAGGASGLARAADLVRA-

GYR-

RVLYVAVELCSLTLVHGDETKSNFVGTALFSDGGAAAVLTHPDEPGPAPLAELCGAYST

LIEDSEDIMGWDVVDEGLKVRFSRDIPTLVRG-

MMQGNVQAALSAHGWCPTQIGTYVVHPGGVKVLSAYEEALNLPAGALDASRHVLR

HYGNMSSVTVLFVLQETLRAHPQGRALLSAMGPGFSAEHVLLNFP 

>CNM35526.1 chalcone synthase [Mycobacterium tuberculosis] 

PPHLTPQTQVQEAARTLFPRMAARPQLLDVFTNAMIDTRALARPLEWYLT-

PRGFGEKNAVFVQEARALTRRLAGEALDAAQITPANVDAVVVVNTSGISAPSLDADLI

EHLGINRHAARLPVWGLGCAGGASGLARAADLVRAGYRRVLYVAVELCSLT-

LVHGDETK-

SNFVGTALFSDGGAAAVLTHPDEPGPAPLAELCGAYSTLIENSEDIMGWDVVDEGLKV

RFSRDIPTLVRGMMQGNVQAALSAHGWCPTQVGTYVVHPGGVKVLSAYEEAL-

NLPAGAL-

DASRHVLRHYGNMSSVTVLFVLEETLRAHPQGRALLTAMGPGFSAEHVLLNF 
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(3).F3H: 

>KALODDLK_02511 Catechol-2,3-dioxygenase 

MTTDSVLPASTHVGAVHLNVRDLNGTAAFYATLLGLSATTLTETDVTLAAHGT-

PLLHL-

HAAPDLPRAPVSRPGLYHTAFLLPTRAALGRWLAHAARLGHRIGSGDHLVSEAFYLN

DPEGNGIEVYADRPRDTWTWRDGQVQMDTKAVDAAAVLASAGIDPATLDGTAP-

FTAPQGTTVGHVHLKVGSAAQAARWYADTLGLDVVADLGSAAFLSWGGYHHHVG

LNEWHSAGQPAPSTPAAGLAGVTFHAPDLGALRAHLAGRADVQNEGGHLTLRD-

PWGNRVTVAQ 

>svs:117847667 K00475 naringenin 3-dioxygenase [EC:1.14.11.9] | (RefSeq) flavanone 

3-dioxygenase 1 isoform X1 (A) 

MLLYKAAAQAAYGVRYEQQPSAFRSTIIDREAAARTTTTMAPASSAAPFLPT-

TASSEAT-

LPPSFVREEDERPKVPHDSFSDEVPVISLDGIGGGERRAEIRARVAAACEDWGIFQVVD

HGVDAALVAEMARLARDFFALPPQEKLRFDMSGGKKGG-

FIVSSHLQGEAVQDWREIVTY-

FSYPVKARDYSRWPDKPAAWRAVVEQYSEQLVGLSCKLLGVLSEAMGLEAGALAEA

CVEMDQKVVVNFYPRCQQPDLTLGLKRHTDPGTITLLLQDLVG-

GLQATRDGGRTWITVQPVEGAFVVNLGDHGHFLSNGRFKNADHQAVVNSECSRLSI

ATFQNPAPDATVYPLAVREGEAPILDEPITFAEMYRRKMARDIE-

VAKLKKQARAAAEKQQVQVQMPQQSASEEFAVPKPESLDEILA 
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(4).4CL: 

>KALODDLK_02763 30S ribosomal protein S12 

VCTRVYTTTPKKPNSALRKVCRVRLTNGFEVTSYIGGEGHNLQEHSVILIRG-

GRVKDLPGVRYHTVRGALDCSGVKDRKQARSKYGVKRPKA 

>BAE77949.1 30S ribosomal subunit protein S12 [Escherichia coli str. K-12 substr. 

W3110] 

MCTVVKTTTPKKPNSALRKIARVRLSSAFEVTAYIPGEGHNLQEHSVVLIRG-

GRVKDLPGVRYHIVRGSLDTQGVKDRNKSRSKYGTKKPKA 

 

 

(5).C4H: 

>KALODDLK_01569 Putative cytochrome P450 139 

GYDIPAESKILVNAWFLANDPKQWVRPDEFRPERFLGEEKAV-

KADGNDFRFVPFGVGRRSCPGIILALPIIGITLGRL 

> ACE88962.1 cinnamic acid 4-hydroxylase, partial [Phyllostachys edulis] 

GVRLPRGALALYSPYLSGRDPAVWDRPDEFDPGRWAGKPPAWAYLPFGG-

GERLCLGMHLAQMLIHDALAAL 
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(6).F3’5’H(CYP75A): 

>KALODDLK_01569 Putative cytochrome P450 139 

AVMKEVLRLHPILPLMVPHCPSESCVVGGYTIPKGARVFVNVWAIHRDPSI-

WENPTEFDPERFVDGKGDYSGKDFTYFPFGSGRRICAGIAMAERMVMFSLASL 

> PSS11496.1 Flavonoid 3',5'-hydroxylase [Actinidia chinensis var. chinensis] 

AALKEVLRLYPPGWMGSRRLSRDLIWGGVRLPRGALALYSPYLSGRD-

PAVWDRPDEFDPGRWAGKPPAWAYLPFGGGERLCLGMHLAQMLIHDALAAL 

 

 

(7).DFR: 

>KALODDLK_01230 dTDP-glucose 4,6-dehydratase 

VLVTGASGFVGSWLVMKLLQAGYTVRATVRDPANVGKTKPLMDLP-

GATERLSIW-

KADLAEEGSFHDAIRGCTGVFHVATPMDFLSKDPENEVIKPTVEGMISIMRACKEAGT

VRRIVFTSSAGTVNLEERQRPVYDEES-

WTDVDFCRRVKMTGWMYFVSKTLAEKAALAYAAEHGLDLVTIIPTLVVGPFISASMPP

SLITALA 

>sp|P51108.1|DFRA_MAIZE RecName: Full=Dihydroflavonol 4-reductase; 

Short=DFR; AltName: Full=Dihydrokaempferol 4-reductase; AltName: Full=Flavanone 4-

reductase; Short=FNR 

VAVTGAEGFIGSHLVETLVRSGARVRAMVLYNSFGSWGWLDDLPPEILEH-

VEVVLGDVRD-

PVSVREFMRGAEVVYHLAALIAIPYSYAAPHSYVQTNVVGTLNVLEAARDLQTPRLV
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HTSTSEVYGTARSVPITERHPLQGQSPYSATKI-

AADKLVEAYHLSFGLPVVTLRPFNTYGPRQSARAVIPTIISQIA 

 

 

(8). FLS: 

> KALODDLK_01423 2,3-dihydro-2,3-dihydroxybenzoate dehydrogenase 

SSKVWLITGTSSGFGRSLVSSVLARGDRVIATSRSLEPIQHLKGTND-

NLRLLQLDVTAGEEL-

LQCKMKEAVSSWGRIDVLVNNAGSCHLGILEEGGSALLRRQYEVNVFGLLDVTNACL

PHLRAQTEATIVVMGSRSAWTCENMGIGPYGSSKAAVHAVAETLSVEVAPFNIR-

VLIVEPSAFRTRMVR 

> KAF7344498.1 Flavonol synthase [Mycena sanguinolenta] 

TARVALVTGAAQGIGAAVASALAARGARVLATDRQPIPPDLAAQPGVMPY-

PLDVTDPRAAEQAVAHAEATLGPLTDLVNVAGVLRPGPLTDLSDEDWHATFAVNTSG

VFFVSRAATRVMRARGRGSVVTVGSNAAHVPRTGMGAYASSKAAAAHL-

TRTLGLELAGSGVRCNLVSPGSTDTPMQR 

 

 

(9).ANS: 

>KALODDLK_01230 dTDP-glucose 4,6-dehydratase 
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KTACVTGGSGYIGSALIKLLLEKGYAVKTTVRNPDDMEKNSHLKDLQKLG-

PLTVFRADMDEEGSFDDAVAGCDYVFLVAAPLHFEAQDPEKEQIEPAIQGTLNTMRSC

VKAGTVRRVILTSSVAAVYFRPDLLGDGHGHVLDEDSWSDVDFLRAHKPPT-

WSHCVSKVLLEKEAGRFAEEHGISLVTILPVIVVGAAPAPKARSSIVDCLSMLS 

> BAU68558.1 3-deoxyanthocyanidin synthase [Sorghum bicolor] 

KLVAVTGAEGFIGSHLVETLVRSGARVRAMVLYNSFGSWGWLDDLPPEILEH-

VEVVLGDVRD-

PVSVREFMRGAEVVYHLAALIAIPYSYAAPHSYVQTNVVGTLNVLEAARDLQTPRLV

HTSTSEVYGTARSVPITERHPLQGQSPYSATKI-

AADKLVEAYHLSFGLPVVTLRPFNTYGPRQSARAVIPTIISQIA 

 

 

(10).BZ1: 

> KALODDLK_00889 O-mycaminosyltylonolide 6-deoxyallosyltransferase 

QVELFVTHGGLNSTYEGLAAGKPLVVMPFFGDQPVNAQHIVNKGL-

GAQVDPWTLTAAKLTRAIEAQLADREAA 

> XP_013906137.1 Anthocyanidin 3-O-glucosyltransferase [Monoraphidium neglec-

tum] 

RVAAAVHHGGAGTTAAGLAAGVPNVVVPFFGDQPFWGDRV-

QRLGVGPAPVPRRALNERTLADALTRAVTDAGMRDRAAA 
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(11).F3’M:  

>KALODDLK_01569 Putative cytochrome P450 139 

AVMKESLRLHPPAPLLVPHCPSEDSLLGGFRVPKGSRVFVNVWAIHRDPT-

LWENPTEFDP-

DRFVNGGVDYSGNDFSYLPFGSGRRMCAGMAMAERMVMYSLTTLLHSFNWELPKG

EKLDLSEQFGIVLKKKLPLI 

> XP_031376784.1 flavonoid 3'-monooxygenase CYP75B137-like [Punica granatum] 

AALKEVLRLYPPGWMGSRRLSRDLIWGGVRLPRGALALYSPYLSGRD-

PAVWDRPDEFDPGRWAGKPPAWAYLPFGGGERLCLGMHLAQMLIHDALAALPPLH

AVRGDATPLPGLTLGPRGPLI 

 

 

(12).R06611(Flavonol 3-O-glucosyltransferase):  

>KALODDLK_00889 O-mycaminosyltylonolide 6-deoxyallosyltransferase 

PAEEVVAWLDACPPRSVVYVCFGSQYTPTEKQGRA-

LAAALERSGVRFVWAIGGGGAV-

VPEGFEGRVVEILNHVAVGAFVTHCGWNSVLEAVAAGVVLLAWPMRADQFANARL

VVEELGVAVRVGEGEEGTPEPEDLARVMAEAVAEVAWPEMRVRAAALGRK 

>XP_029116545.1 flavonol 3-O-glucosyltransferase UGT89B1-like [Elaeis guineensis] 

PPPALEAFLNSGPPPVSIGFGSMTTPDPQVTTRAVVAALARSGQRAVLLSGWG-

GLSAADVPDTVFVTDSVPHDWLFPRVAAAVHHGGAGTTAAGLAAGVPNVVVPFFG

DQPFWGDRVQRLGVGPAPVPRRALNERTLADALTRAVTDAGMRDRAAALGAR 
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(13).UGT75C1(Cyanidin 3-O-glucoside 5-O-glucosyltransferase):. 

>KALODDLK_02100 Beta-glucosidase. 

DRLDFPKHFIFGASSCAYQVEGAAFEDGRTLSTFDIAAHSGHLPGNG-

DITSDEYHKYKEDVELMVETGLDAYRFSISWSRLIPNGRGPVNPKGLEYYNNLVNALL

TKGTQPHVTLLHSDLPQALRDEYGGLFISPKFIDDFVAYADVCFREFGDRVLHWTT-

FNE-

ANFLAFGDENTPASALYLSAHHLLLAHASATRLYRENYQASQRGFIGINVYAYDFIPET

NTEVDVIAAKRARDFFIGWFVQPLMNGEYPLTMRKNGGPRLPKFTPNETELLTGSYD-

FIGL-

NYYTAKTVKDDPVMLTVEPRNYYTDQGLISSYLGNIDPYQGHPFFNTPWGLHDVLQQ

FKQVYGNPPVYIHENGEVGDHDADYDKLINDIPRVEYLQGHIRAVLDA-

VRNGSNVKGYFVWSFLDMYELMYGTKFTFGLYYIDFNDPKLTRHPKLSQKWYSRFL. 

>sp|E3W9M2.1|AA5GT_DIACA RecName: Full=Cyanidin 3-O-glucoside 5-O-glu-

cosyltransferase (acyl-glucose). 

DPARFPARFTWGVATSSYQIEGAPREDGKGPSIWDTFCRTPGKVRGGDTGDVAC-

DH-

YHRLDSDLDMIRDLGVNAYRFSISWPRILPHGRGAVNQAGLDFYQRLVDGLLTRGITP

WATLYHWDLPQTLEDEGGWTVRGTAEAFGTYSAVVAAALGDRVKHFITLNEP-

WCSAYLGYGI-

GIHAPGRHDLRASFAATHHLLVGHGRAMQAIRGQAPGAQAGITLNLHHTYPATDTP

ADRAAAYRMDGFQNRWYLDPVYGRGYPQDMVDLLGDL-

SPQAQGLVLPGDTELMGQPTD-

FLGVNMYSRAVGQDAPGEGFLHARQIRPEGSAYTGFDWEVAPDSLTDLLVRLQEDYA

PDAIYITENGSTYPDVADEDGNVNDLERTQYLTEHLAATQEALARGAKVAGY-

FAWSLMDNFEWAEGYDKRFGIVHVDFDTQVRTPKLSGRTYRDFL. 
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(14). AA5GT: 

>KALODDLK_02100 Beta-glucosidase 

DRLDFPKHFIFGASSCAYQVEGAAFEDGRTLSTFDIAAHSGHLPGNG-

DITSDEYHKYKEDVELMVETGLDAYRFSISWSRLIPNGRGPVNPKGLEYYNNLVNALL

TKGTQPHVTLLHSDLPQALRDEYGGLFISPKFIDDFVAYADVCFREFGDRVLHWTT-

FNE-

ANFLAFGDENTPASALYLSAHHLLLAHASATRLYRENYQASQRGFIGINVYAYDFIPET

NTEVDVIAAKRARDFFIGWFVQPLMNGEYPLTMRKNGGPRLPKFTPNETELLTGSYD-

FIGL-

NYYTAKTVKDDPVMLTVEPRNYYTDQGLISSYLGNIDPYQGHPFFNTPWGLHDVLQQ

FKQVYGNPPVYIHENGEVGDHDADYDKLINDIPRVEYLQGHIRAVLDA-

VRNGSNVKGYFVWSFLDMYELMYGTKFTFGLYYIDFNDPKLTRHPKLSQKWYSRFL 

>sp|E3W9M2.1|AA5GT_DIACA RecName: Full=Cyanidin 3-O-glucoside 5-O-glu-

cosyltransferase (acyl-glucose) 

DPARFPARFTWGVATSSYQIEGAPREDGKGPSIWDTFCRTPGKVRGGDTGDVAC-

DH-

YHRLDSDLDMIRDLGVNAYRFSISWPRILPHGRGAVNQAGLDFYQRLVDGLLTRGITP

WATLYHWDLPQTLEDEGGWTVRGTAEAFGTYSAVVAAALGDRVKHFITLNEP-

WCSAYLGYGI-

GIHAPGRHDLRASFAATHHLLVGHGRAMQAIRGQAPGAQAGITLNLHHTYPATDTP

ADRAAAYRMDGFQNRWYLDPVYGRGYPQDMVDLLGDL-

SPQAQGLVLPGDTELMGQPTD-

FLGVNMYSRAVGQDAPGEGFLHARQIRPEGSAYTGFDWEVAPDSLTDLLVRLQEDYA

PDAIYITENGSTYPDVADEDGNVNDLERTQYLTEHLAATQEALARGAKVAGY-

FAWSLMDNFEWAEGYDKRFGIVHVDFDTQVRTPKLSGRTYRDFL 
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HPLC results 

In Figure S2c, Eluting peaks of calibrator were observed at 4.4min, 5.9min and 6.2min, 

represent quercetin, kaempferol and isopurine respectively. The production of flavonoid 

during fermentation is determined by its peak area (mAU) and its properties can be de-

termined by the time of peaking. Figure S2a shows the content of each substance in the 

blank medium, three flavonoids were not detected. Figure S2b represents bacterial fer-

mentation broth, quercetin was identified. 

 

Figure S2. In FS2(c), Eluting peaks of calibrator were observed at 4.4min, 5.9min and 6.2min, rep-

resent quercetin, kaempferol and isopurine respectively. The production of flavonoid during fer-

mentation is determined by its peak area (mAU) and its properties can be determined by the time 

of peaking. FS2(a) shows the content of each substance in the blank medium, three flavonoids 

were not detected. FS2(b) represents bacterial fermentation broth, quercetin was identified. 
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LC-MS detection quality control. 

The repeatability of metabolite extraction and instrument detection can be judged by 

analyzing the overlap of mass spectrometry total ion chromatograms (TIC diagram) of 

three QC samples. Figure S3 shown the TIC of three QC samples in positive ion and neg-

ative ion modes, which reflected the reliability of sample preparation process and LC-MS 

detection.  

 

 

Figure S3. The repeatability of metabolite extraction and instrument detection can be judged by 

analyzing the overlap of mass spectrometry total ion chromatograms (TIC diagram) of three QC 

samples. FS3 shown the TIC of three QC samples in positive ion and negative ion modes, which 

reflected the reliability of sample preparation process and LC-MS detection. 

Based on metabolite database analysis, we performed qualitative analysis of all de-

tected ion types. In the multi-peak diagram of MRM metabolite detection in multi reaction 

monitoring mode, the samples that can be detected in positive ion and negative ion modes 

are displayed, and the peaks of different colors represent different metabolites (Figure 

S4). After filtering the blank control signal, there were relatively many kinds of 
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metabolites in the sample, and the number of peaks with strong signal was moderate, 

which was an ideal microbial experimental model. 

 

Figure S4. Based on metabolite database analysis, we performed qualitative analysis of all de-

tected ion types. In the multi-peak diagram of MRM metabolite detection in multi reaction moni-

toring mode, the samples that can be detected in positive ion and negative ion modes are dis-

played, and the peaks of different colors represent different metabolites (FS4). After filtering the 

blank control signal, there were relatively many kinds of metabolites in the sample, and the num-

ber of peaks with strong signal was moderate, which was an ideal microbial experimental model. 

positive ion modes 

 
negative ion modes 

 


