
 

 

 

 

SUPPLEMENTARY FILES 

 
Evolutionary Insights into the Enzymes involved in the Biosynthesis of the Volatile 

Organic Compounds Isoprene and Pinene in Plants 

 
SUPPLEMENTARY TABLE 1 
List of Plants Emitting VOCs 

1. Acacia leucophloea/ Vachellia leucophloea 

2. Adhatoda vasica 

3. Albizia lebbeck 

4. Atrocarpus heterophyllus 

5. Azadirachta indica 

6. Bombax ceiba 

7. Butea monosperma 

8. Casuarina equisetifolia 

9. Citrus limon 

10. Cocos nucifera 

11. Dalbergia sissoo 

12. Diospyros melanoxylon 

13. Eucalyptus globulus 

14. Ficus benghalensis 

15. Ficus religiosa 

16. Hibiscus rosasinensis 

17. Lantana camara 

18. Madhuca longifolia 

19. Mangifera indica 

20. Morus alba 

21. Peltophorum pterocarpum 

22. Psidium guajava 

23. Pterocarpus marsupium 

24. Pterospermum acerifolium 

25. Schleichera oleosa 

26. Syzygium jambolanum/ Syzygium cumini 

27. Tecoma stans 

28. Tectona grandis 
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Name of 

Plant 

Common 

Name 

Family Type of 

Plant 

VOC 

produced 

Area of 

growth in West Bengal 

Reference 

Acacia 

leucophloea/ 

Vachellia 

leucophloea 

White 

Bark 

Acacia 

Mimosaceae Deciduous Moderate 

emitter – 

Isoprene, 

pinene, other 

VOCs 

Murshidabad, Birbhum, 

Bankura, Purba 

Bardhaman, Paschim 

Bardhaman, Purba 

Medinipur, 
Paschim Medinipur 

(1) 

Adhatoda 

vasica 

Malabar 

Nut/ 

Adulsa/ 

Vasaka 

Acanthaceae Evergreen High emitter 

- Isoprene, - 

pinene, other 

VOCs 

Kakrajhore forest in West 

Medinipur, 

West Rarrh region, Lower 

Bengal 

(2, 3) 

Albizia 

lebbeck 

Shirish Mimosaceae Deciduous Moderate 

emitter - 

Isoprene, - 

pinene, other 
VOCs 

Plains of West Bengal (4) 

Atrocarpus 
heterophyllus 

Jackfruit Moraceae Evergreen tree High emitter 

- Isoprene, 
monoterpenes 

Throughout West Bengal (5, 6) 

Azadirachta 

indica 

Neem Meliaceae Deciduous Moderate 

emitter - 

Isoprene, - 

pinene, other 
VOCs 

Widespread (7) 

Bombax 

ceiba 

Malabar 

silk 

cotton 

tree/ 
Shimul 

Malvaceae Deciduous Moderate 

emitter - 

Isoprene, 

monoterpenes 

Throughout plains to 800m (8) 

Butea 

monosperma 

Flame of 

the forest 

tree/ 

Palash 

Fabaceae Deciduous High emitter - 

Isoprene 

Purulia, West Medinipore (9 – 11) 

Casuarina 

equisetifolia 

Australia 

n pine 

Casuarinacea 

e 

Evergreen High emitter 

- Isoprene, - 

pinene, other 

VOCs 

Throughout West Bengal (12) 

Citrus limon Lemon Rutaceae Deciduous Moderate 

emitter 

- Isoprene, - 

pinene, other 

VOCs 

Red lateritic zone of West 

Bengal 

(13) 

Cocos 

nucifera 

Coconut Arecaceae Evergreen High emitter - 

Isoprene 

Purba Bardhaman,Howrah, 

24 Parganas, Midnapore 

(14) 



Dalbergia 

sissoo 

Shisham Papilionaceae Deciduous High emitter 

- Isoprene, - 

pinene, other 

VOCs 

South West Bengal (4) 

Diospyros 

melanoxylon 

East 

Indian 

ebony/ 

Kendu 

Ebenaceae Deciduous or 

evergreen, , 

depending on 

habitat 

Moderate 

emitter - 

Isoprene, 

monoterpenes 

South West Bengal (4) 

Eucalyptus 

globulus 

Gum 

tree/Strin 

gybark 

Myrtaceae Mostly 

Evergreen 

High emitter 

- Isoprene, - 

pinene, other 

VOCs 

Laterite soils of South and 

South Western Districts 

(4) 

Ficus 

benghalensis 

Banyan Moraceae Evergreen Moderate 

emitter – 

Isoprene, - 

pinene, other 
VOCs 

Throughout West Bengal (15) 

Ficus 

religiosa 

Sacredfig Moraceae Deciduoustree High emitter - 

Isoprene, - 

pinene, other 

VOCs 

From the coast up to 

1200m, Bankura 

(16) 

Hibiscus 

rosasinensis 

Hibiscus Malvaceae Evergreen High emitter - 

Isoprene, - 

pinene, other 

VOCs 

Hooghly, Purba and 

Paschim Bardhaman, 

Birbhum 

(17) 

Lantana 

camara 

Lantana Verbenaceae Evergreen 

shrub 

High emitter - 

Isoprene, - 

pinene, other 

VOCs 

Howrah, purba and 

Paschim Bardhaman, 

Birbhum 

(18) 

Madhuca 

longifolia 

Mahua Sapotaceae Evergreen to 

semi- 

evergreen 

High emitter - 

Isoprene 

Purulia, Bankura, West 

Midnapore and Jhargram. 

(19) 

Mangifera 

indica 

Mango Anacardiacea 

e 

Evergreen High emitter - 

Isoprene, - 

pinene, other 

VOCs 

Murshidabad and Malda 

districts 

(20) 

Morus alba White 

mulberry 

Moraceae Deciduous High emitter - 

Isoprene, - 
pinene, other 

VOCs 

Birbhum (21) 

Peltophorum 

pterocarpum 

Yellow 

flame 

tree/ 

Radhach 

ura 

Fabaceae Deciduous High emitter - 

Isoprene 

Birbhum (22) 

Psidium 

guajava 

Guava Myrtaceae Evergreen High emitter - 

Isoprene, - 

pinene, other 

VOCs 

North and South 24 

Parganas, Nadia 

(23) 

Pterocarpus 

marsupium 

Malabar 

kino/ 

Venkai 

Fabaceae Deciduous High emitter - 

Isoprene, 

monoterpenes 

Wild and also planted in 

South Bengal 

(24) 



Pterospermu 
macerifolium 

Kanak 

Champa 

Sterculiaceae Deciduous Moderate 

emitter - 

Isoprene, - 

pinene, other 
VOCs 

Eastern districts of Bengal (25) 

Schleichera 

oleosa 

Kusum Sapindaceae Deciduous Moderate 

emitter – 

Isoprene, - 

pinene, other 

VOCs 

Found throughout the 

hotter parts of south West 

Bengal, in red lateritic soil. 

(4) 

Syzygium 

jambolanum 

/ Syzygium 

cumini 

Malabar 

plum 

Myrtaceae Evergreen High emitter - 

Isoprene, - 

pinene, other 

VOCs 

Throughout West Bengal (26) 

Tecoma 

stans 

Yellow 

bells 

Bignoniaceae Semi- 

evergreen 

shrub 

Moderate 

emitter – 

Isoprene, - 

pinene, other 
VOCs 

Purba and Paschim 

Bardhaman 

(27) 

Tectona 

grandis 

Teak Lamiaceae Deciduous High emitter - 

Isoprene 

Lower Hill forests in North 

Bengal, Jhargram 

(28) 
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SUPPLEMENTARY TABLE 2 
Data for enrichment profile – MEP Pathway 

 

Name of Enzyme 
Number of families common to gene-specific and 

protein-specific trees 

Common 

families 

 
 

Isoprene Synthase 

 
 

5 

Salicaceae 

Euphorbiaceae 

Fabaceae 

Lamiaceae 

Poaceae 

Isopentenyl Diphosphate 

Isomerase 

 
3 

Brassicaceae 

Lamiaceae 

Nyssaceae 

Hydroxymethylbutenyl 

diphosphate reductase 
0 N/A 

Hydroxymethylbutenyl 

diphosphate synthase 
0 N/A 

Methylerythritol 2,4- 

cyclodiphosphate synthase 
0 N/A 

CDP-ME kinase 2 
Lamiaceae 

Solanaceae 

Diphosphocytidylyl methyl 

erythritol synthase 
2 

Brassicaceae 

Poaceae 

1-deoxyxylulose-5-phosphate 

reductoisomerase 
0 N/A 

1-deoxyxylulose 5-phosphate 

synthase 
1 Solanaceae 



Data for enrichment profile – MVA Pathway 

Name of Enzyme 
Number of families common to gene-specific and 

protein-specific trees 

Common 

families 

Pinene Synthase 2 
Lamiaceae 

Pinaceae 

 

 

 

 

 

Geranyl diphosphate synthase 

 

 

 

 

 

13 

Apocynaceae 

Asteraceae 

Brassicaceae 

Cannabaceae 

Fabaceae 

Lamiaceae 

Lauraceae 

Magnoliaceae 

Pinaceae 

Plantaginaceae 

Rosaceae 

Solanaceae 

Vitaceae 

Mevalonate pyrophosphate 

decarboxylase/ 

Diphosphomevalonate 

decarboxylase 

 
1 

 
Brassicaceae 

Phosphomevalonate kinase 1 Brassicaceae 

Mevalonate 5 kinase 1 Brassicaceae 

3-hydroxy-3-methylglutaryl- 

CoA reductase/ HMG CoA 

reductase 

 
4 

Solanaceae 

Poaceae 

Brassicaceae 

Malvaceae 

3-hydroxy-3-methylglutaryl- 

CoA synthase/ HMG CoA 

synthase 

 
0 

 
N/A 

Acetoactyl CoA thiolase 0 N/A 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SUPPLEMENTARY 3 

- PHYLOGENETIC TREES 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

METHYLERYTHRITOL PHOSPHATE (MEP) 

PATHWAY 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

GENBANK PHYLOGENETIC TREES 



Deoxyxylulose 5-phosphate (DXP) Synthase 
 

 

 

HQ450862.1 Haematococcus pluvialis 1-deoxyxylulose 5-phosphate synthase (dxs) mRNA partial cds 

 

KC954699.1 Populus tomentosa 1-deoxyxylulose 5-phosphate synthase (CLA1) mRNA partial cds 

 

AB205044.1 Chrysanthemum x morifolium DXS mRNA for 1-deoxyxylulose 5-phosphate synthase complete cds 

 

AJ011840.2 Catharanthus roseus mRNA for 1-deoxyxylulose 5-phosphate synthase 

 

BU765415.1 sas18c06.y1 Gm-c1080 Glycine max cDNA clone SOYBEAN CLONE ID: Gm-c1080-3972 5 similar to TR:O82676 O82676 1-DEOXYXYLULOSE 5-PHOSPHATE SYNTHASE mRNA sequence 

 

BU765423.1 sas18d06.y1 Gm-c1080 Glycine max cDNA clone SOYBEAN CLONE ID: Gm-c1080-4020 5 similar to TR:O82676 O82676 1-DEOXYXYLULOSE 5-PHOSPHATE SYNTHASE mRNA sequence 

 

GE471352.1 OAQQ1061 Oldenlandia affinis leaf cDNA library Oldenlandia affinis cDNA clone OAQQ1061 5 similar to 1-deoxyxylulose 5-phosphate synthase mRNA sequence 

 

BE037034.1 MP13A10 MP Mesembryanthemum crystallinum cDNA 5 similar to 1-deoxyxylulose 5-phosphate synthase mRNA sequence 

 

EB696277.1 NecGex 309H03 Ornamental tobacco (LxS8) post-fertilization Floral nectary cDNA library Nicotiana langsdorffii x Nicotiana sanderae cDNA clone NecGEx Clone 309H03 similar to UP|O82676 (O82676) 1-deoxyxylulose 5-phosphate synthase partial (56 ) mRNA sequence 

 

CX066001.1 UFPtC01 107 Cold-induced subtractive cDNA library Citrus trifoliata cDNA clone C107 similar to 1-deoxyxylulose 5-phosphate synthase mRNA sequence 

 

AL751049.1 AL751049 RS Pinus pinaster cDNA clone RS03E04 similar to 1-DEOXYXYLULOSE 5-PHOSPHATE SYNTHASE mRNA sequence 

 

GE470354.1 OAQQ0063 Oldenlandia affinis leaf cDNA library Oldenlandia affinis cDNA clone OAQQ0063 5 similar to 1-deoxyxylulose 5-phosphate synthase mRNA sequence 

 

GE471227.1 OAQQ0936 Oldenlandia affinis leaf cDNA library Oldenlandia affinis cDNA clone OAQQ0936 5 similar to 1-deoxyxylulose 5-phosphate synthase mRNA sequence 

 

FJ459894.1 Amomum villosum 1-deoxy-D-xylulose 5-phosphate reductoisomerase (DXR) mRNA complete cds 

 

GE470643.1 OAQQ0352 Oldenlandia affinis leaf cDNA library Oldenlandia affinis cDNA clone OAQQ0352 5 similar to 1-deoxyxylulose 5-phosphate synthase mRNA sequence 

62 

53 

61 

75    

12 
30 

22 

66 

48 

20 

22 

46 



Deoxyxylulose 5-phosphate (DXP) Reductoisomerase 

 

 
 

KU664603.1 Achillea millefolium subsp. millefolium 1-deoxyxylulose 5-phosphate reductoisomerase (dxr) mRNA partial cds 
 
 
 
 
 
 
 

AB205045.1 Chrysanthemum x morifolium DXR mRNA for 1-deoxyxylulose 5-phosphate reductoisomerase complete cds 
 
 
 
 
 
 
 

FJ752422.1 Ageratina adenophora 1-deoxyxylulose 5-phosphate reductoisomerase (dxr) mRNA partial cds 
 
 
 
 
 
 
 

KF925530.1 UNVERIFIED: Centella asiatica 1-deoxyxylulose 5-phosphate reductoisomerase-like (DXR) mRNA partial sequence 
 
 
 
 
 
 
 

FJ459894.1 Amomum villosum 1-deoxy-D-xylulose 5-phosphate reductoisomerase (DXR) mRNA complete cds 

89 

84 



Diphosphocytidylyl methyl erythritol (CDP-ME) Synthase 
 

 

 



Diphosphocytidylyl methyl erythritol (CDP-ME) Kinase 
 

 

 

 

 
 



Methylerythritol 2,4-cyclodiphosphate (ME-cPP) Synthase 
 

 

 

 

 

 

 

 

 

 

 



Hydroxymethylbutenyl diphosphate (HMBPP) Synthase 
 

 

 

 

 



Hydroxymethylbutenyl diphosphate (HMBPP) Reductase 

 

 
JQ014628.1 Camellia sinensis hydroxymethylbutenyl diphosphate reductase (HDR) mRNA complete cds 

 
 
 

 

MH125258.1 Camellia sinensis Hydroxymethylbutenyl diphosphate reductase mRNA complete cds 
 
 
 

 

JQ014629.1 Camellia sinensis hydroxymethylbutenyl diphosphate synthase (HDS) mRNA complete cds 
 
 
 

 

DQ864495.1 Camptotheca acuminata hydroxymethylbutenyl diphosphate reductase (HDR) mRNA complete cds 
 
 
 

 

KP645372.1 Paeonia lactiflora cultivar Taohuafeixue hydroxymethylbutenyl diphosphate reductase (HDR) mRNA complete cds 
 
 
 

 

EU908200.1 Oncidium hybrid cultivar hydroxymethylbutenyl diphosphate reductase (HDR) mRNA complete cds 
 
 
 

 

EU908201.1 Oncidium hybrid cultivar hydroxymethylbutenyl diphosphate reductase (HDR) gene complete cds 

96 

76 

91 

100 



Isopentenyl diphosphate Isomerase 
 

 



Isoprene Synthase 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

UNIPROT PHYLOGENETIC TREES 



Deoxyxylulose 5-phosphate (DXP) Synthase 
 

 

 

 



Diphosphocytidylyl methyl erythritol (CDP-ME) Synthase 
 

 

 

 
 



Diphosphocytidylyl methyl erythritol (CDP-ME) Kinase 
 

 

 

 

 

 



Methylerythritol 2,4-cyclodiphosphate (ME-cPP) Synthase 
 

 

 

 

 



Isopentenyl diphosphate Isomerase 
 

 



Isoprene Synthase 



55 

27 

12 

16 
17 

27 

22 

21 

95 

13 

42 

97 

1 

66 

96 

8 

18 

0 

95 

61 

38 

84 

8 

98 

0 

86 

38 

83 

97 

9 

14 

3 

84 

99 

16 

8 

99 

16 

26 

29 

57 

34 

40 

77 

61 

12 

5 

2 

19 

3 

67 

23        1 

99 

54 

4 

74 

15 

85 

97 

0 

30 

98 

72 

99 

4 

84 

99 

99 

92 

82 

55 

94 

55 

96 

73 

34 

82 

30 

98 

56 

35 

76 

29 

28 

10 

99 

40 

23 

8 

 

sp|P53800|FDFT NICBE Squalene synthase OS=Nicotiana benthamiana OX=4100 PE=2 SV=1 

 
 

 

sp|P53799|FDFT1 ARATH Squalene synthase 1 OS=Arabidopsis thaliana OX=3702 GN=SQS1 PE=1 SV=1 

 
 

 

sp|A0A1P7Y0C9|SQS8 PANGI Squalene synthase 8 OS=Panax ginseng OX=4054 GN=SS8 PE=2 SV=1 

 
 

 

sp|A0A1P7Y0D4|SQS11 PANGI Squalene synthase 11 OS=Panax ginseng OX=4054 GN=SS11 PE=2 SV=1 

 
 

 

sp|C9E894|SQS2 PANGI Squalene synthase 2 OS=Panax ginseng OX=4054 GN=SS2 PE=2 SV=1 

 
 

 

sp|D2K762|SQS3 PANGI Squalene synthase 3 OS=Panax ginseng OX=4054 GN=SS3 PE=2 SV=1 

 
 

 

sp|A0A1P7Y0A2|SQS10 PANGI Squalene synthase 10 OS=Panax ginseng OX=4054 GN=SS10 PE=2 SV=1 

 
 

 

sp|O48666|SQS1 PANGI Squalene synthase 1 OS=Panax ginseng OX=4054 GN=SS1 PE=2 SV=1 

 
 

 

sp|A0A1P7Y0D0|SQS13 PANGI Squalene synthase 13 OS=Panax ginseng OX=4054 GN=SS13 PE=2 SV=1 

 
 

 
sp|A0A1P7Y0A8|SQS12 PANGI Squalene synthase 12 OS=Panax ginseng OX=4054 GN=SS12 PE=2 SV=1 

 
 

 

sp|A0A2I7G3B3|ADH2 TANCI Alcohol dehydrogenase 2 OS=Tanacetum cinerariifolium OX=118510 GN=ADH2 PE=1 SV=1 

 
 

 
sp|Q6EPN6|ISPF ORYSJ 2-C-methyl-D-erythritol 2 4-cyclodiphosphate synthase chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=ISPF PE=1 SV=1 

 
 

 
sp|Q9CAK8|ISPF ARATH 2-C-methyl-D-erythritol 2 4-cyclodiphosphate synthase chloroplastic OS=Arabidopsis thaliana OX=3702 GN=ISPF PE=1 SV=1 

 
 

 

sp|Q9M4W3|ISPF CATRO 2-C-methyl-D-erythritol 2 4-cyclodiphosphate synthase chloroplastic OS=Catharanthus roseus OX=4058 GN=ISPF PE=2 SV=1 

 
 

 

sp|P69834|ISPD ARATH 2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase chloroplastic OS=Arabidopsis thaliana OX=3702 GN=ISPD PE=1 SV=1 

 
 

 

sp|Q5N8G1|ISPD ORYSJ 2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=ISPD PE=2 SV=1 

 
 

 

sp|P14891|HMDH1 ARATH 3-hydroxy-3-methylglutaryl-coenzyme A reductase 1 OS=Arabidopsis thaliana OX=3702 GN=HMG1 PE=1 SV=1 

 
 

 

sp|A0A0U2U4F3|BAMS1 BARVU Beta-amyrin synthase 1 OS=Barbarea vulgaris OX=50459 GN=LUP5 PE=1 SV=1 

 
 

 

sp|O82140|BAMS1 PANGI Beta-amyrin synthase 1 OS=Panax ginseng OX=4054 GN=OSCPNY1 PE=1 SV=1 

 
 

 

sp|A0A0S2IHL6|BASM1 KALSE Beta-amyrin synthase 1 OS=Kalopanax septemlobus OX=228393 GN=BAS1 PE=1 SV=1 

 
 

 

sp|Q08IT1|DADIS PANGI Dammarenediol II synthase OS=Panax ginseng OX=4054 GN=DDS PE=1 SV=1 

 
 

 

sp|O82146|BAMS2 PANGI Beta-amyrin synthase 2 OS=Panax ginseng OX=4054 GN=OSCPNY2 PE=2 SV=1 

 
 

 

sp|Q8H1F7|IPK ARATH Isopentenyl phosphate kinase OS=Arabidopsis thaliana OX=3702 GN=IPK PE=1 SV=1 

 
 

 

sp|Q6EJ97|ISPS PUEML Isoprene synthase chloroplastic OS=Pueraria montana var. lobata OX=3893 GN=ISPS PE=1 SV=1 

 
 

 

sp|Q9AR86|ISPS POPCN Isoprene synthase chloroplastic OS=Populus canescens OX=80863 GN=ISPS PE=1 SV=1 

 
 

 

sp|Q50L36|ISPS POPAL Isoprene synthase chloroplastic OS=Populus alba OX=43335 GN=ISPS PE=1 SV=1 

 
 

 

sp|Q7XAS7|ISPS POPTM Isoprene synthase chloroplastic OS=Populus tremuloides OX=3693 GN=ISPS PE=3 SV=1 

 
 

 

sp|I7C6E8|C7A52 PANGI Beta-amyrin 28-monooxygenase OS=Panax ginseng OX=4054 GN=CYP716A52v2 PE=1 SV=1 

 
 

 

sp|I7CT85|C7A53 PANGI Protopanaxadiol 6-hydroxylase OS=Panax ginseng OX=4054 GN=CYP716A53v2 PE=1 SV=1 

 
 

 

sp|H2DH16|C7A47 PANGI Dammarenediol 12-hydroxylase OS=Panax ginseng OX=4054 GN=CYP716A47 PE=1 SV=2 

 
 

 

sp|Q8W3U4|HRT2 HEVBR Rubber cis-polyprenyltransferase HRT2 OS=Hevea brasiliensis OX=3981 GN=HRT2 PE=1 SV=1 

 
 

 

sp|P49351|FPPS1 LUPAL Farnesyl pyrophosphate synthase 1 OS=Lupinus albus OX=3870 GN=FPS1 PE=2 SV=1 

 
 

 

sp|P49352|FPPS2 LUPAL Farnesyl pyrophosphate synthase 2 OS=Lupinus albus OX=3870 GN=FPS2 PE=2 SV=1 

 
 

 
sp|Q09152|FPPS1 ARATH Farnesyl pyrophosphate synthase 1 mitochondrial OS=Arabidopsis thaliana OX=3702 GN=FPS1 PE=2 SV=2 

 
 

 

sp|Q43315|FPPS2 ARATH Farnesyl pyrophosphate synthase 2 OS=Arabidopsis thaliana OX=3702 GN=FPS2 PE=2 SV=1 

 
 

 

sp|P49353|FPPS MAIZE Farnesyl pyrophosphate synthase OS=Zea mays OX=4577 GN=FPS PE=2 SV=1 

 
 

 
sp|Q4JHN6|FPS PANGI Farnesyl pyrophosphate synthase OS=Panax ginseng OX=4054 GN=FPS PE=2 SV=1 

 
 

 

sp|P0C565|CHRYS TANCI Bifunctional chrysanthemol synthase chloroplastic OS=Tanacetum cinerariifolium OX=118510 GN=CDS PE=1 SV=2 

 
 

 

sp|Q7XYS8|CHRDS ARTSI Monoterpene synthase FDS-5 chloroplastic OS=Artemisia spiciformis OX=235357 GN=FDS-5 PE=1 SV=1 

 
 

 

sp|Q7XYT0|FPPS2 ARTSI Farnesyl diphosphate synthase 2 OS=Artemisia spiciformis OX=235357 GN=FDS-2 PE=1 SV=1 

 
 

 

sp|O64905|FPPS HELAN Farnesyl pyrophosphate synthase OS=Helianthus annuus OX=4232 GN=FPS1 PE=2 SV=1 

 
 

 

sp|O24241|FPPS1 PARAR Farnesyl pyrophosphate synthase 1 OS=Parthenium argentatum OX=35935 GN=FPS1 PE=2 SV=1 

 
 

 

sp|O24242|FPPS2 PARAR Farnesyl pyrophosphate synthase 2 OS=Parthenium argentatum OX=35935 GN=FPS2 PE=2 SV=1 

 
 

 

sp|P49350|FPPS ARTAN Farnesyl pyrophosphate synthase OS=Artemisia annua OX=35608 GN=FPS1 PE=1 SV=2 

 
 

 

sp|Q7XYS9|FPPS1 ARTSI Farnesyl diphosphate synthase 1 OS=Artemisia spiciformis OX=235357 GN=FDS-1 PE=1 SV=1 

 
 

 

sp|P37272|PSY CAPAN Bifunctional 15-cis-phytoene synthase chromoplastic OS=Capsicum annuum OX=4072 GN=PSY1 PE=1 SV=1 

 
 

 

sp|P08196|PSY1 SOLLC Phytoene synthase 1 chloroplastic OS=Solanum lycopersicum OX=4081 GN=PSY1 PE=1 SV=2 

 
 

 

sp|P37273|PSY2 SOLLC Phytoene synthase 2 chloroplastic (Fragment) OS=Solanum lycopersicum OX=4081 GN=PSY2 PE=2 SV=1 

 
 

 

sp|P37271|PSY ARATH Phytoene synthase chloroplastic OS=Arabidopsis thaliana OX=3702 GN=PSY1 PE=1 SV=2 

 
 

 

sp|Q9SSU8|PSY DAUCA Phytoene synthase chloroplastic OS=Daucus carota OX=4039 GN=PSY PE=2 SV=1 

 
 

 

sp|Q2QLV9|PSY2 ORYSJ Phytoene synthase 2 chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=PSY2 PE=1 SV=1 

 
 

 

sp|Q6EI12|PSY2 MAIZE Phytoene synthase 2 chloroplastic OS=Zea mays OX=4577 GN=PSY2 PE=1 SV=1 

 
 

 

sp|P49293|PSY CUCME Phytoene synthase chloroplastic OS=Cucumis melo OX=3656 GN=PSY PE=2 SV=1 

 
 

 

sp|P53797|PSY NARPS Phytoene synthase chloroplastic OS=Narcissus pseudonarcissus OX=39639 GN=PSY PE=2 SV=1 

 

 
sp|Q52QW5|PSY ONCHC Phytoene synthase chloroplastic OS=Oncidium hybrid cultivar OX=141207 GN=PSY PE=2 SV=1 

 
 

 

sp|Q5Z5B7|PSY1 ORYSJ Phytoene synthase 1 chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=PSY1 PE=1 SV=1 

 
 

 

sp|P49085|PSY1 MAIZE Phytoene synthase 1 chloroplastic OS=Zea mays OX=4577 GN=PSY1 PE=1 SV=2 

 
 

 

sp|B0KZ40|PSY3 MAIZE Phytoene synthase 3 chloroplastic OS=Zea mays OX=4577 GN=PSY3 PE=1 SV=1 

 
 

 
sp|B6UV92|PSY3 ORYSJ Phytoene synthase 3 chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=PSY3 PE=1 SV=1 

 
 

 

sp|Q94B35|ISPH ARATH 4-hydroxy-3-methylbut-2-enyl diphosphate reductase chloroplastic OS=Arabidopsis thaliana OX=3702 GN=ISPH PE=1 SV=1 

 
 

 
sp|F8QQQ7|MVD2 PANGI Diphosphomevalonate decarboxylase 2 OS=Panax ginseng OX=4054 GN=MVD2 PE=2 SV=1 

 
 

 

sp|Q8W250|DXR ORYSJ 1-deoxy-D-xylulose 5-phosphate reductoisomerase chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=DXR PE=2 SV=2 

 
 

 

sp|Q9XES0|DXR MENPI 1-deoxy-D-xylulose 5-phosphate reductoisomerase chloroplastic OS=Mentha piperita OX=34256 GN=DXR PE=2 SV=2 

 
 

 

sp|Q9XFS9|DXR ARATH 1-deoxy-D-xylulose 5-phosphate reductoisomerase chloroplastic OS=Arabidopsis thaliana OX=3702 GN=DXR PE=2 SV=2 

 
 

 

sp|F4K0E8|ISPG ARATH 4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase (ferredoxin) chloroplastic OS=Arabidopsis thaliana OX=3702 GN=ISPG PE=1 SV=1 

 
 

 

sp|Q6K8J4|ISPG ORYSJ 4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase (ferredoxin) chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=ISPG PE=2 SV=1 

 
 

 

sp|Q8S948|SPS1 ARATH Solanesyl diphosphate synthase 1 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=SPS1 PE=1 SV=1 

 
 

 

sp|Q76FS5|SPS2 ARATH Solanesyl diphosphate synthase 2 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=SPS2 PE=1 SV=1 

 
 

 

sp|Q75HZ9|SPS2 ORYSJ Solanesyl-diphosphate synthase 2 chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=SPS2 PE=1 SV=2 

 
 

 

sp|Q0INZ4|SPS3 ORYSJ Probable solanesyl-diphosphate synthase 3 chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=SPS3 PE=3 SV=2 

 
 

 

sp|Q5HZ00|SPS3 ARATH Solanesyl diphosphate synthase 3 chloroplastic/mitochondrial OS=Arabidopsis thaliana OX=3702 GN=SPS3 PE=1 SV=1 

 
 

 

sp|Q653T6|SPS1 ORYSJ Solanesyl-diphosphate synthase 1 mitochondrial OS=Oryza sativa subsp. japonica OX=39947 GN=SPS1 PE=1 SV=1 

 
 

 

sp|Q9LUD9|GGPP3 ARATH Geranylgeranyl pyrophosphate synthase 3 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=GGPP3 PE=1 SV=1 

 
 

 

sp|Q9LRR0|GGPP8 ARATH Putative geranylgeranyl pyrophosphate synthase 8 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=At3g14510 PE=5 SV=2 

 
 

 

sp|Q9LUE1|GGPP9 ARATH Geranylgeranyl pyrophosphate synthase 9 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=GGPPS9 PE=1 SV=1 

 
 

 

sp|Q9LHR4|GGPPC ARATH Geranylgeranyl pyrophosphate synthase 12 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=At3g32040 PE=2 SV=1 

 
 

 

sp|Q9LIA0|GGPPB ARATH Geranylgeranyl pyrophosphate synthase 11 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=At3g29430 PE=2 SV=1 

 
 

 

sp|O04046|GGPP2 ARATH Heterodimeric geranylgeranyl pyrophosphate synthase large subunit 2 OS=Arabidopsis thaliana OX=3702 GN=GGPPS2 PE=1 SV=2 

 
 

 

sp|Q9SLG2|GGPP4 ARATH Geranylgeranyl pyrophosphate synthase 4 OS=Arabidopsis thaliana OX=3702 GN=GGPP4 PE=2 SV=1 

 
 

 

sp|O22043|GGPP6 ARATH Geranylgeranyl pyrophosphate synthase 6 mitochondrial OS=Arabidopsis thaliana OX=3702 GN=GGPP6 PE=2 SV=2 

 
 

 

sp|Q9LJY2|GGPPA ARATH Geranylgeranyl pyrophosphate synthase 10 mitochondrial OS=Arabidopsis thaliana OX=3702 GN=At3g20160 PE=1 SV=1 

 
 

 

sp|P34802|GGPP1 ARATH Heterodimeric geranylgeranyl pyrophosphate synthase large subunit 1 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=GGPPS1 PE=1 SV=2 

 
 

 
sp|Q43133|GGPPS SINAL Geranylgeranyl pyrophosphate synthase chloroplastic/chromoplastic OS=Sinapis alba OX=3728 GN=GGPS1 PE=1 SV=1 

 
 

 
sp|Q9ZU77|GGPP7 ARATH Geranylgeranyl pyrophosphate synthase 7 chloroplastic OS=Arabidopsis thaliana OX=3702 GN=At2g18620 PE=2 SV=1 

 
 

 

sp|A0A0U3BRC5|GFDPS LEUCN Geranylfarnesyl diphosphate synthase chloroplastic OS=Leucosceptrum canum OX=694369 GN=GFDPS PE=1 SV=1 

 
 

 

sp|P80042|GGPPS CAPAN Geranylgeranyl pyrophosphate synthase chloroplastic OS=Capsicum annuum OX=4072 GN=GGPS1 PE=3 SV=1 

 
 

 

sp|Q94ID7|GGPPS HEVBR Geranylgeranyl pyrophosphate synthase chloroplastic OS=Hevea brasiliensis OX=3981 GN=GGPS PE=1 SV=1 

 
 

 

sp|Q42698|GGPPS CATRO Geranylgeranyl pyrophosphate synthase chloroplastic OS=Catharanthus roseus OX=4058 GN=GGPS1 PE=3 SV=1 

 
 

 

sp|O48651|SQE1 PANGI Squalene monooxygenase SE1 OS=Panax ginseng OX=4054 GN=SQE1 PE=2 SV=1 

 
 

 

sp|O22567|DXS1 ORYSJ 1-deoxy-D-xylulose-5-phosphate synthase 1 chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=CLA1 PE=2 SV=2 

 
 

 

sp|O78328|DXS CAPAN Probable 1-deoxy-D-xylulose-5-phosphate synthase chloroplastic OS=Capsicum annuum OX=4072 GN=TKT2 PE=2 SV=1 

 
 

 

sp|Q38854|DXS ARATH 1-deoxy-D-xylulose-5-phosphate synthase chloroplastic OS=Arabidopsis thaliana OX=3702 GN=DXS PE=1 SV=2 

 
 

 

sp|Q6YU51|DXS2 ORYSJ Probable 1-deoxy-D-xylulose-5-phosphate synthase 2 chloroplastic OS=Oryza sativa subsp. japonica OX=39947 GN=Os07g0190000 PE=2 SV=1 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

MEVALONIC ACID (MVA) PATHWAY 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GENBANK PHYLOGENETIC TREES 



 



 



 



 



 



 



 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UNIPROT PHYLOGENETIC TREES 



 

Acetoacetyl CoA thiolase 
 
 
 
 



 
 
 
 
 
 
 

HMG CoA synthase 
 
 
 
 

 



HMG CoA reductase 
 



 

Mevalonate 5 kinase 
 

 



 
 
 

Phosphomevalonate kinase 
 
 
 



 
 

Diphosphomevalonate decarboxylase 
 

 



Geranyl diphosphate synthase 
 



Pinene synthase 
 


