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Tables 

Table S1 The preimer and its base sequence 

Preimer Sequence（5＇to 3＇） 

DXS-F 

DXS-R 

DXR-F 

DXR-R 

10HGO-F 

10HGO-R 

G10H-F 

G10H-R 

GPPS-F 

GPPS-R 

qDXS-F 

qDXS-R 

qDXR-F 

qDXR-R 

q10HGO-F 

q10HGO-R 

qG10H-F 

qG10H-R 

qGPPS-F 

qGPPS-R 

qTIP41-F 

qTIP41-R 

AAAAAAGTAGAAAACTGTTGGTATC 

CTTTTCCGATTACCAGAGTT 

ACTTCCAACAGTTACTTCAG 

TTAATCCCCACCACAATC 

TGAGAATCAAATCAAAAAAAG 

AAACAAGAAAATAAAAACGG 

GCGACGTAAACGGCCACAAG 

GAAGTAACCATTTCAGCCAAG 

ATGATGTCTGTAAGGGGGCTG 

TTCATTTGTTCTTGTGATGACTCTC 

CCTCGGACGAGGCAGAACTAT 

CCACTCTCTCCCCTTCAATCAG 

ATTTGGCTTACGCTGCTGG 

TTCTGCTCGGTGCTTATCG 

GCCTGGGCACGAGATTG 

TGAGTATTTGTTTGGGGCAGTA 

GTAATGCTTGGTTCGCTTTTG 

GGAGTGGTTGAGCCTTCTGC 

TCCTGCTATCTAGAGCTTGTGTGGC 

ACGCTGATCTGATGTAGTTGTCATT 

TGGCTCAGAGTTGATGGAGTGCT 

CTCTCCAGCAGCTTTCTCGGAGA 

 

 

 



Table S2 The co-occurrence on DXS/DXR/10HGO/G10H/GPPS synthase family of R. glutinosa 

No.of 

queries 

matched 

Plant Organism 

Gene Co-occurrence 

DXS DXR 10HGO G10H GPPS 

5 
Aquilegia coerulea Citrus clementine Citrus sinensis Erythranthe guttata Eucalyptus grandis Gossypium raimondii Malus domestica Morus notabilis Nelumbo nucifera Nicotiana 

sylvestris Nicotiana tomentosiformis Populus trichocarpa Prunus mume Prunus persica Pyrus x bretschneideri Ricinus communis Solanum lycopersicum Theobroma cacao Vitis vinifera 
     

4 

Beta vulgaris  

Cicer arietinum  

Cucumis sativus  

Fragaria vesca  

Glycine max  

Linum usitatissimum  

Manihot esculenta  

Phaseolus vulgaris 

Solanum tuberosum   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 

Aegilops tauschii 

Amborella trichopoda 

Arabidopsis lyrata 

Arabidopsis thaliana 

Boechera stricta 

Brachypodium distachyon 

Brassica oleracea 

Brassica rapa  

Camelina sativa 

Capsella grandiflora 

Capsella rubella 

Carica papaya 

Cucumis melo 

Eutrema salsugineum 

Hordeum vulgare 

Leersia perrieri 

Medicago truncatula 

Musa acuminata 

Oryza barthii 

Oryza brachyantha 

Oryza glaberrima 

Oryza glumipatula 

Oryza nivara 

Oryza punctata 

Oryza rufipogon 

Oryza sativa 

Panicum virgatum 

Phoenix dactylifera 

Physcomitrella patens 

Selaginella moellendorffii 

Setaria italic 

Sorghum bicolor 

Tarenaya hassleriana 

Zea mays 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
Arabis alpina 

Triticum aestivum 

 

 

 

 

 

 

 

 

 

 

1 

Chlorella variabilis 

Coccomyxa subellipsoidea 

Micromonas pusilla 

Oryza meridionalis 

Ostreococcus lucimarinus 

Ostreococcus tauri 

Triticum urartu  

Volvox carteri 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rate of gene co-ocurrence (%) 87.5% 94.4% 38.9% 30.6% 90.3% 

The symbol  indicates the presence of relative genes for DXS, DXR, 10HGO, G10H, GPPS of R. glutinosa.



Table S3 Some homologous proteins on DXS/DXR/10HGO/G10H/GPPS synthase family of R. glutinosa 

Species Accession Number 
Identity (%) 

DXS DXR 10HGO G10H GPPS 

Aquilegia coerulea 

Aquca_026_00112.1 85.2     

Aquca_002_00164.1  82.2    

Aquca_026_00015.1   66.5   

Aquca_152_00005.1    55.9  

Aquca_007_00559.1     72.3 

Citrus clementina 

XP_006419702.1 88.1     

XP_006439818.1  79.5    

XP_006426239.1   67.7   

XP_006440464.1    56.3  

XP_006448990.1     73.5 

Citrus sinensis 

XP_006489186.1 88.1     

XP_006476776.1  79.3    

XP_006466345.1   68.0   

XP_006477330.1    55.9  

XP_006468063.1     73.1 

Erythranthe guttata 

Migut.G00229.1.p 88.9     

Migut.I00013.1.p  85.0    

Migut.H02275.1.p   71.7   

Migut.H00477.1.p    79.9  

Migut.G00061.1.p     87.3 

Eucalyptus grandis 

XP_010024490.1 87.2     

XP_010027708.1  83.8    

XP_010052660.1   66.1   
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XP_010050611.1    56.4  

XP_010056939.1     74.5 

Gossypium raimondii 

Gorai.011G184200.1 83.2     

Gorai.006G189200.1  83.5    

Gorai.008G089500.1   67.8   

Gorai.006G211100.1    56.2  

Gorai.011G047900.1     80.9 

Malus domestica 

XP_008340868.1 86.6     

XP_008374435.1  82.9    

XP_008384197.1   65.6   

XP_008389841.1    58.1  

XP_008371630.1     70.3 

Morus notabilis 

XP_010105036.1 87.1     

XP_010101212.1  82.4    

XP_010095885.1   69.5   

XP_010108078.1    56.6  

XP_010090457.1     76.7 

Nelumbo nucifera 

XP_010279602.1 85.9     

XP_010243034.1  83.9    

XP_010244709.1   67.1   

XP_010277464.1    54.6  

XP_010275055.1     73.8 

The homologs for DXS, DXR, 10HGO, G10H, GPPS of R. glutinosa were searched from 72 species of plants, and were all obtained from 19 species of plants. The homologs in the above 9 

species had high similarity with DXS/DXR/10HGO/G10H/GPPS synthase of R. glutinosa 
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Table S4 Correlation analysis between the content of total iridoid glycosides and expression 

levels of related enzymes genes 

Gene name 

85-5 total iridoid glycosides Jinjiu total iridoid glycosides 

Correlation 

coefficient 
Significance 

Correlation 

coefficient 
Significance 

DXS 0.265 0.666 0.365 0.557 

DXR -0.415 0.487 -0.991 0.001
**

 

10HGO 0.110 0.860 -0.517 0.372 

G10H 

GPPS 

0.275 

-0.906 

0.654 

0.034
*
 

-0.155 

-0.447 

0.804 

0.450 

statistical significance was determined by a two-sided t-test: * P < 0.05, ** P < 0.01. 

Table S5 The genomic DNA methylation levels of R. glutinosa root  

Band Type (MSAP) 

Growth periods  

I  II  III  IV  V  

I 45 29 35 29 24 

II 19 22 31 20 20 

III 17 19 18 18 16 

Total bands 81 70 84 67 60 

Methylation bands 36 41 49 38 36 

Total methylation% 20.99% 27.14% 21.43% 26.87% 26.67% 

MSAP% 44.44% 58.57% 58.33% 56.72% 60.00% 

Note: I belts were present in both EcoRI/Hpa II and EcoRI/Msp I digestion combination. II belts 

werepresent only in EcoRI/Hpa II. III belts were present only in EcoRI/Msp I. 

Total bands= I +II+III, methylated bands= II+ III,total methylated ratio(%)=III/( I+II+ 

III)*100%,MSAP(%)=(II+III)/( I +II+ III) *100%. 

Table S6 The genomic DNA methylation levels of R. glutinosa leaf  

Band Type (MSAP) 

Growth periods 

I II III IV V 

I 36 53 37 31 37 

II 22 25 19 23 28 

III 19 21 21 19 28 

Total bands 77 99 77 73 93 



Methylation bands 41 46 40 42 56 

Total methylation% 24.68%  21.21%  27.27%  26.03%  30.11%  

MSAP% 53.25%  46.46%  51.95%  57.53%  60.22%  

Note: I belts were present in both EcoRI/Hpa II and EcoRI/Msp I digestion combination. II belts 

werepresent only in EcoRI/Hpa II. III belts were present only in EcoRI/Msp I. 

Total bands= I +II+III, methylated bands= II+ III,total methylated ratio(%)=III/( I+II+ 

III)*100%,MSAP(%)=(II+III)/( I +II+ III) *100%. 

Table S7 Effects of 5-azaC on the levels of genomic DNA methylation in R. glutinosa root 

Band Type (MSAP) 
I 

CK 15μM 30μM 50μM 100μM 250μM 

I 56 54 54 50 59 66 

II 29 27 36 38 47 33 

III 18 23 27 24 30 47 

Total bands 103 104 117 112 136 146 

Methylation bands 47 50 63 62 77 80 

Total methylation% 17.48% 22.12% 23.08% 21.43% 22.06% 32.19% 

MSAP% 45.63% 48.08% 53.85% 55.36% 56.62% 54.79% 

Band Type (MSAP) 
II 

CK 15μM 30μM 50μM 100μM 250μM 

I 26 24 38 29 33 29 

II 27 26 30 33 30 29 

III 23 21 29 23 18 30 

Total bands 76 71 97 85 81 88 

Methylation bands 50 47 59 56 48 59 

Total methylation% 30.26% 29.58% 29.90% 27.06% 22.22% 34.09% 

MSAP% 65.79% 66.20% 60.82% 65.88% 59.26% 67.05% 

Band Type (MSAP) 
III 

CK 15μM 30μM 50μM 100μM 250μM 

I 44 27 30 33 35 27 

II 44 30 20 24 20 30 



III 18 32 32 29 14 14 

Total bands 106 89 82 86 69 71 

Methylation bands 62 62 52 53 34 44 

Total methylation% 16.98% 35.96% 39.02% 33.72% 20.29% 19.72% 

MSAP% 58.49% 69.66% 63.41% 61.63% 49.28% 61.97% 

Band Type (MSAP) 
IV 

CK 15μM 30μM 50μM 100μM 250μM 

I 29 23 24 27 39 41 

II 32 45 23 26 33 29 

III 15 29 23 32 26 21 

Total bands 76 97 70 85 98 91 

Methylation bands 47 74 46 58 59 50 

Total methylation% 19.74% 29.90% 32.86% 37.65% 26.53% 23.08% 

MSAP% 61.84% 76.29% 65.71% 68.24% 60.20% 54.95% 

Band Type (MSAP) 
V 

CK 15μM 30μM 50μM 100μM 250μM 

I 26 33 36 42 30 39 

II 23 23 11 18 32 20 

III 12 18 20 26 26 20 

Total bands 61 74 67 86 88 79 

Methylation bands 35 41 31 44 58 40 

Total methylation% 19.67% 24.32% 29.85% 30.23% 29.55% 25.32% 

MSAP% 57.38% 55.41% 46.27% 51.16% 65.91% 50.63% 

Table S8 Effects of 5-azaC on the levels of genomic DNA methylation in R. glutinosa leaf 

Band Type (MSAP) 

I 

CK 15μM 30μM 50μM 100μM 250μM 

I 47 48 48 39 65 66 

II 27 30 26 18 15 21 

III 17 29 23 24 12 20 



Total bands 91 107 97 81 92 107 

Methylation bands 44 59 49 42 27 41 

Total methylation% 18.68% 27.10% 23.71% 29.63% 13.04% 18.69% 

MSAP% 48.35% 55.14% 50.52% 51.85% 29.35% 38.32% 

Band Type (MSAP) 
II 

CK 15μM 30μM 50μM 100μM 250μM 

I 57 39 42 42 36 32 

II 35 39 33 36 29 20 

III 33 44 39 18 36 20 

Total bands 125 122 114 96 101 72 

Methylation bands 68 83 72 54 65 40 

Total methylation% 26.40% 36.07% 34.21% 18.75% 35.64% 27.78% 

MSAP% 54.40% 68.03% 63.16% 56.25% 64.36% 55.56% 

Band Type (MSAP) 
III 

CK 15μM 30μM 50μM 100μM 250μM 

I 32 41 27 39 53 41 

II 23 30 18 30 23 26 

III 30 14 39 36 29 26 

Total bands 85 85 84 105 105 93 

Methylation bands 53 44 57 66 52 52 

Total methylation% 35.29% 16.47% 46.43% 34.29% 27.62% 27.96% 

MSAP% 62.35% 51.76% 67.86% 62.86% 49.52% 55.91% 

Band Type (MSAP) 
IV 

CK 15μM 30μM 50μM 100μM 250μM 

I 26 23 26 26 47 47 

II 32 21 27 24 26 24 

III 20 18 18 23 18 18 

Total bands 78 62 71 73 91 89 

Methylation bands 52 39 45 47 44 42 

Total methylation% 25.64% 29.03% 25.35% 31.51% 19.78% 20.22% 



MSAP% 66.67% 62.90% 63.38% 64.38% 48.35% 47.19% 

Band Type (MSAP) 
V 

CK 15μM 30μM 50μM 100μM 250μM 

I 47 42 41 39 45 38 

II 38 18 23 20 17 12 

III 32 30 30 21 21 29 

Total bands 117 90 94 80 83 79 

Methylation bands 70 48 53 41 38 41 

Total methylation% 27.35% 33.33% 31.91% 26.25% 25.30% 36.71% 

MSAP% 59.83% 53.33% 56.38% 51.25% 45.78% 51.90% 



Figures 

 

(a)DXS 

 



 

(b)DXR 

 

(c)10HGO 

 

 

 

 



 

(d)G10H 

 

(e)GPPS 

Fig. S1 The CDS and amino acid sequences of DXS/DXR/10HGO/G10H/GPPS synthase genes 

in R.glutinosa 

(a), (b), (c), (d) and (e)represent the CDS and amino acid sequences of DXS(MG764508), DXR (MG764509), 

10HGO (MH102394), G10H (MK559439) and GPPS (MG770219), respectively. 
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(e) GPPS 

Fig.S2 Sequence alignment of DXS/DXR/10HGO/G10H/GPPS synthase in R. glutinosa, 

(a) DXS, (b) DXR, (c) 10HGO, (d) G10H and (e) GPPS
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(a) DXS 



 

(b) DXR 



 

(c) 10HGO 



 

(d) G10H 

 



 

(e) GPPS 

 

Fig.S3 Phylogenetic analysis of DXS/DXR/10HGO/G10H/GPPS synthase in R. glutinosa. 

(a) DXS, (b) DXR, (c) 10HGO, (d) G10H and (e) GPPS



     

(a)                                           （b） 



 

Fig. S4 The co-occurrence on DXS/DXR/10HGO/G10H/GPPS synthase family of R. glutinosa 

(a) Gene co-occurrence of DXS/DXR/10HGO/G10H/GPPS synthase in the organisom, (b) the co-occurrence of DXS/DXR/10HGO/G10H/GPPS synthase in plants. Similarity Scale: the color 

denotes, for each gene of DXS/DXR/10HGO/G10H/GPPS synthase, the similarity of its best hit in a given STRING genome. Clade Coverage: for groups of genomes that are collapsed in the 

phylogenetic tree, two distinct colors indicate the lowest and highest similarity observed within that clade. 

 
Fig. S5 5mC content of R.glutinosa 

statistical significance was determined by a two-sided t-test: * P < 0.05. 

 



 

 

Fig.S6 Methylation banding pattern 

a: Both H and M have bands and no methylation occurs; b: HpaII has bands and MspI no bands, external methylation of single-stranded DNA; III: HpaII no bands 

and MspI has bands, internal methylation of double-stranded DNA. 

 

 

 



 


