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Abstract: MYB transcription factors are involved in the regulation of various secondary metabolites
biosynthesis. Gardenia jasminoides Ellis is the commonly used Chinese herbal medicine, and its main active
ingredient is geniposide. Here, leaves and flower buds at different developmental stages of G. jasminoides were
used to explore MYB transcription factors related to geniposide biosynthesis based on genome and transcriptome
analysis. Transcriptome data analysis showed that, different from the expression of the common pathway genes for
terpenoid biosynthesis, the expression level of genes in the specific pathway of geniposide biosynthesis was
significantly higher in flower buds than in leaves, which was the same as the organ accumulation pattern of this
component. And the promoter regions of geraniol synthase, iridoid synthase and geniposidic acid methyltransferase
involved in the specific pathway all contained multiple MYB-binding sites. A total of 105 MYB transcription
factors were obtained by annotating the coding genes of G. jasminoides, which were divided into 68 1R-MYB, 33
R2R3-MYB, 3 3R-MYB and 1 atypical MYB transcription factor according to the number of conserved domain.
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Based on the analysis of phylogenetic tree and quantitative real-time PCR, three candidate MYB transcription

factors related to geniposide biosynthesis were selected, including potential positive regulation factor GGMYB23

and negative regulation factors GJMYB31 and GjMYB73. The results of this study will lay a foundation for

searching the regulation of geniposide biosynthesis and further analysis of the quality formation mechanism of

G. jasminoides, so as to promote the breeding of excellent varieties of G. jasminoides.
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Table 1

permission from reference!”, copyright (2021) Elsevier B. V.

Genes involved in the biosynthetic pathway of iridoid glycosides. Sequences of GAMTI and GAMT2 genes were used with

Gene Gene name Accession ID/reference
DXS 1-Deoxy-D-xylulose-5-phosphate synthase Q38854
DXR 1-Deoxy-D-xylulose-5-phosphate reductoisomerase ARUO08103
CMS 4-Diphosphocytidyl-2-C-methyl-D-erythritol synthase Q5N8G1
CMK 4-Diphosphocytidyl-2-C-methyl-D-erythritol kinase 081014
MCS 2-C-Methyl-D-erythritol-2,4-cyclodiphosphate synthase QI9CAKS
HDS 4-Hydroxy-3-methylbut-2-enyl diphosphate synthase F4KO0ES8
HDR 4-Hydroxy-3-methylbut-2-enyl diphosphate reductase Q94B35
AACT Acetoacetyl-CoA thiolase AAMO00280
HMGS 3-Hydroxy-3-methylglutaryl CoA synthase P54873
HMGR 3-Hydroxy-3-methylglutaryl CoA reductase P43256
MVK Mevalonate kinase P46086
PMK 5-Phosphomevalonate kinase Q9C6T1
MVD Mevalonate-5-diphosphate decarboxylase 023722
1S Iridoid synthase MN120556
182 Iridoid synthase 2 MN120557
154 Iridoid synthase 4 MN120558
GPPS Geranyl diphosphate synthase AHAS82035
GES Geraniol synthase QCT83300
10 Iridoid oxidase AHK60833
SHGO 8-Hydroxygeraniol oxidoreductase AHK60836
GI0H Geraniol 10-hydroxylase Q8VWZ7
GAMTI Geniposidic acid methyltransferase 1 [9]

GAMT?2 Geniposidic acid methyltransferase 2 [9]
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Table 2 Primers for qRT-PCR of MYB transcription factor genes in Gardenia jasminoides. MYB: v-myb avian myeloblastosis viral onco-

gene homolog

Gene Forward primer (5'—3') Reverse primer (5'—3")
Actin TCCTCTTCCAGCCTTCTATC GCTCATACGGTCAGCAATAC
GJMYB9 TACTCGTACGAAGAGGTGAG GTTTACGACCTGGAATTCTCC
GJMYBI6 GTGTTAGTGCAGGGTCTTAC TGCGTTTCCAGACTCTAATG
GjMYBI19 CAGTTCAATGCCACCTCTAA AGGATGGCTACTGTTGATATTG
GJMYB23 GGACGAAAGTCAAGACTCTAAG TTGTGTTCCAATACTCCTCAAT
GJMYB31 CATGGAAGCAGCAAGTTTAAG GACTGTGGAAGTCCAATAGATAG
GJMYB73 GCCCAATACGATAAGGAGAC GTAGTTGGGATACGGAACAC
GJMYB76 CGAATGCCTCTTCCTTCTTC AGGCTAATGGATGGCTTTATAC
GJMYBI101 CTCCTCATCATCGTCCATTTC CAGCTGGCTGCATTATTCT
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Figure 1 Genes involved in the biosynthetic pathway of geniposide and their expression in Gardenia jasminoides. A: Terpene biosynthetic
pathway. G3P: Glyceraldehyde 3-phosphate; DXP: 1-Deoxy-D-xylulose-5-phosphate; MEP: 2-C-Methyl-D-erythritol-4-phosphate; CDP-ME:
4-(Cytidine 5'-diphospho)-2-C-methyl-D-erythritol; CDP-MEP: 2-Phospho-4-(cytidine 5'-diphospho)-2-C-methyl-D-erythritol; MECPP: 2-
C-Methyl-D-erythritol-2,4-cyclodiphosphate; HMBPP: 1-Hydroxy-2-methyl-2-butenyl-4-diphosphate; HMG-CoA: 3-Hydroxy-3-methylglu-
taryl CoA; MVA: Mevalonate; MVP: Mevalonate phosphate; MVPP: Mevalonate diphosphate; IPP: Isopentenyl pyrophosphate; DMAPP:
Dimethylallyl pyrophosphate; B: Specific step in the biosynthetic pathway of iridoid glycoside in Gardenia jasminoides. Red arrows repre-
sent catalytic steps that have been elucidated in Gardenia jasminoides; C: Expression heatmap of the genes involved in the biosynthetic path-
way of geniposide. YL: Young leaf; ML: Mature leaf;, SFB: Small flower bud; LFB: Large flower bud; FPKM: Fragments per kilobase of
exon per million; D: Distribution of MYB transcription factors binding sites in the promoter of the specific pathway genes for geniposide

biosynthesis. The promoter sequence was 2 000 bp upstream of the transcription start site
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Figure 2 Chromosome location of MYB transcription factor genes in Gardenia jasminoides
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Table 3 The classification of MYB transcription factor genes in Gardenia jasminoides. AA size: The number of amino acid

Gene name Gene ID Class AA size Gene name Gene ID Class AA size
G/MYBI GjlP4T24 1R 552 GJMYB54 Gj9A610T144 IR 124
GjMYB2 Gj1A24T33 IR 147 GjMYB55 Gj9X626T25 IR 314
G/MYB3 GjlP524T10 1R 280 GJMYB56 Gj9A636T100 IR 243
GjMYB4 Gj1P528T16 1R 779 GjMYB57 Gj9A654T110 IR 204
GJMYBS5 Gj2A357T40 IR 257 GJMYBS58 Gj9A661T106 IR 239
GjMYB6 Gj2P379T15 R2R3 586 GjMYB59 Gj9X666T65 R2R3 369
GjMYB7 Gj2A386T122 IR 642 GiMYB60 Gj9A682T134 IR 112
G/MYBS Gj2P388T19 1R 993 GJMYB61 GjoP698T16 IR 176
GjMYB9 Gj2A393T78 1R 97 GjMYB62 Gj9A770T55 R2R3 307
GJMYBI0 Gj2A400T31 IR 912 GJMYB63 Gj9ATTAT63 IR 265
GjMYBI11 Gj2P448T7 1R 293 GjMYB64 Gj9A778T112 Atypical 1099
GjMYBI2 Gj3A273T7 IR 134 GjMYB65 Gj9A798T79 R2R3 267
G/MYBI13 Gj4A31T63 1R 596 GJMYB66 GjoP800T24 IR 551
GjMYBI14 Gj4A284T28 R2R3 372 GjMYB67 Gj9A829T62 IR 323
GjMYBI15 Gj5A22T109 1R 267 GJMYB68 Gj9A839T43 IR 191
GjMYBI16 Gj5A229T11 IR 210 GjMYB69 Gj9A839T49 IR 172
GiMYBI17 Gj6P85T6 IR 463 GJMYB70 Gj9P839T9 IR 943
G/MYBI8 Gj6A273T22 R2R3 437 GJMYB71 Gj9AB42T63 IR 614
GjMYBI19 Gj6P295T8 IR 308 GjMYB72 Gj9A842T65 IR 183
GJMYB20 Gj7A210T21 R2R3 491 GJMYB73 Gj9X870T42 IR 91
GjMYB21 Gj7A210T23 R2R3 487 GjMYB74 Gj9X871T92 IR 38
GjMYB22 Gj7P308T5 IR 495 GJMYB75 Gj9A887TI113 IR 301
G/MYB23 Gj7A335T61 1R 77 GJMYB76 GjoP925T22 IR 410
GjMYB24 Gj7P355T9 IR 71 GjMYB77 Gj9X971T52 R2R3 267
GJMYB25 Gj7P357T7 1R 222 GJMYB78 Gj9X980T34 IR 94
GjMYB26 Gj7A357T62 R2R3 336 GjMYB79 Gj9X981T83 IR 93
GjMYB27 Gj7P357T10 R2R3 243 GJMYBS80 Gj9X995T40 R2R3 334
GjMYB28 Gj7A405T102 1R 464 GiMYBS81 Gj9P1015T8 R2R3 1812
GjMYB29 Gj8A42T41 R2R3 335 GjMYBS2 Gj9A1031T85 R2R3 232
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GjMYB31 Gj8A308T22 1R 204 GjMYB84 Gj9P1051T18 R2R3 518
GjMYB32 Gj8E331T0 IR 145 GJMYBS8S5 Gj9A1052T114 R2R3 290
GjMYB33 Gj8A382T92 1R 38 GiMYB86 Gj9P1069T25 IR 309
GjMYB34 Gj8P396T16 IR 1397 GiMYB87 Gj9A1083T89 R2R3 271
GJMYB35 Gj9ATTT5 1R 280 GJMYB88 Gj9A1088T92 IR 336
GjMYB36 Gj9P11T26 IR 1293 GjMYBS89 Gj10A273T124 IR 497
GjMYB37 Gj9A69T86 R2R3 297 GJMYB90 Gjl10P276T12 R2R3 400
GjMYB38 Gj9AT76T57 3R 560 GiMYB91 Gj10A280T93 IR 293
GjMYB39 Gj9A81T123 IR 278 GjMYB92 Gj10P280T27 R2R3 223
GJMYB40 Gj9A87T89 1R 552 GJMYB93 Gj10P280T28 R2R3 203
GjMYB41 Gj9A130T84 R2R3 1027 GjMYB94 Gj10X286T42 IR 528
GjMYB42 Gj9X141T53 1R 107 GJMYB95 Gj10X300T28 IR 86
GjMYB43 Gj9P154T10 IR 433 GjMYBY6 Gj10X304T40 R2R3 354
GjMYB44 Gj9A202T95 IR 487 GJMYB97 Gjl1A117T23 R2R3 295
GjMYB45 Gj9A212T108 R2R3 529 GJMYB98 Gjl11A233T32 R2R3 491
GjMYB46 Gj9A213T96 R2R3 308 GjMYB99 Gj11A233T34 R2R3 487
GjMYB47 GjoP220T9 1R 697 GJMYBI100 Gjl11X253T23 IR 118
GjMYB48 Gj9A225T92 1R 89 GiMYB101 Gj11A376T83 R2R3 316
GjMYB49 Gj9A286T43 IR 185 GJMYB102 Gjl11A408T77 R2R3 348
GjMYB50 Gj9A312T88 3R 981 GiMYB103 Gj11A411T50 IR 454
GjMYBS51 Gj9A564T94 R2R3 246 GiMYB104 Gjl11A417T81 IR 333
GjMYB52 Gj9A584T54 R2R3 278 GJMYBI105 Gjl11A433T110 IR 205
GjMYB53 Gj9A610T142 1R 300
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Figure 3 Sequence analysis of MYB transcription factors in Gardenia jasminoides. A: The phylogenetic tree of GjMYBs; B: The motif

distribution of GjMYBs; C: Four conserved motifs of GGMYBs
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Figure 4 Analysis of MYB transcription factors related to geniposide biosynthesis. A: Phylogenetic tree and expression pattern of

expressed G/MYB genes; B: Tertiary structures of selected eight GIMYB transcription factors
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Figure 5 Relative expression levels of selected MYB transcription factor genes related to geniposide biosynthesis in Gardenia jasminoides
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