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Figure S1. Exon/intron Structures of forty terpenoid biosynthesis-related genes.
Heavy black lines represent exons. Thin black lines represent introns. Unknown
sequences in the 5" or 3' regions of SmMCPS3, SmCPS4, SmCPS5 and SmKSL2 are
indicated by “***’ whereas unknown sequences in introns are indicated by “//”.
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Figure S2. Conserved domains (black boxes) of enzymes involved in terpenoid
biosynthesis in S. miltiorrhiza. Conserved domains were predicated by searching
Pfam HMMs. Names of conserved domains are shown below the black boxes.
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Figure S3. Sequence alignment of DXS proteins from Salvia miltiorrhiza,
Arabidopsis thaliana and Populus trichocarpa. DXSs included are A. thaliana
AtDXS1 (At4g15560), AtDXS2 (At3g21500), AtDXS3 (At 5G11380), P. trichocarpa
PtDXS1(XP_002312717), PtDXS2A (XP_002303416), PtDXS2B (XP_002331678),
PtDXS3 (XP_002308644), S. miltiorrhiza SmDXS1 (ACF21004), SmDXS2
(ACQ66107), SMDXS3 (JN831116), SmDXS4 (JN831117), SmDXS5 (JN831118).
The consensus thiamine pyrophosphatase - binding motif (GDGAMTAG...... VILND)
and the pyridine binding domain (DRAGLVGAD...... VMAPSD) was indicated by

Lkkik?
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Figure S4. Sequence alignment of AACT proteins from S. miltiorrhiza and A.
thaliana. AACTs included are A. thaliana AtAACT1 (Atbg47720), AtAACT2
(At5g48230), S. miltiorrhiza SMAACT1 (ABV08820), SMAACT?2 (JN831101). The
peroxisomal targeting signal 1 (PTS1) related motif (SAL) presented in the carboxy
terminus of AtAACT1 is boxed.
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Figure S5. Sequence alignment of HMGR proteins from S. miltiorrhiza and
various other plants. Proteins included are Arabidopsis thaliana AtHMGR1
(CAA33139), AtHMGR2 (AAA67317), Solanum tuberosum StHMGR1 (AAA93498),
StHMGR2 (AAB52551), StHMGR3 (AAB52552), Capsicum annuum CanHMGR?2
(AAD28179), and four S. miltiorrhiza SMHMGRSs. The putative HMG-CoA-binding
sites (EMPIGYVQIP and TTEGCLVA), NADP(H)-binding sites (DAMGMNM and
GTVGGGT) and N-linked glycosylation sites (N-X-S/T ) are indicated by “***’. The

N-glycosylation site (NST) is boxed.
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Figure S6. Sequence alignment of MK proteins from S. miltiorrhiza, Arabidopsis
thaliana and Catharanthus roseus. Proteins included are A. thaliana AtMK
(NP_198097), C. roseus CrMK (ADR65111), and S. miltiorrhiza SmMMK (JN831104).
The peroxisomal targeting signal 2 (PTS2) related nonapeptide (KIILAGEHA) is
indicated by “***’,
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Figure S7. Sequence alignment of PMK proteins from S. miltiorrhiza, Arabidopsis
thaliana and Catharanthus roseus. Proteins included are A. thaliana AtPMK

(NP_174473), C.

roseus CrPMK (ADRG65112), and S. miltiorrhiza SmPMK

(JN831095). The PTS2 related nonapeptide (DVKLTSPQL/M) is indicated by “***’.
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Figure S8. Sequence alignment of MDC proteins from S. miltiorrhiza, Arabidopsis
thaliana and Catharanthus roseus. Proteins included are A. thaliana AtMDC
(NP_174473), C. roseus CrMDC (ADR65113), and S. miltiorrhiza SmMDC
(JN831105). The PTS2 related nonapeptide (SVTLDPXHL) is indicated by ****’.
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Figure S9. Sequence alignment of IDI proteins from S. miltiorrhiza and
Arabidopsis thaliana. Proteins included are A. thaliana AtIDI1 (NP_197148), AtIDI2
(NP_186927), and two S. miltiorrhiza SmIDIs.The PTS1 related motif (HKL) is
indicated by “***’,
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Figure S10. Sequence alignment of GPPS proteins from S. miltiorrhiza and
various other plants. GPPS proteins inlucled are Solanum lycopersicum SIGPPS
(ABB88703), Catharanthus roseus CrGPPS (ACC77966), Mentha x piperita
MpGPPS.LSU (AF182828), Antirrhinum majus AmGPPS.LSU (AAS82860),
MpGPPS.SSUI (AF182827), AmGPPS.SSUI (AAS82859), rice OsGPPS.SSUII
(EAY87007), Arabidopsis thaliana AtGPPS.SSUIl (At4g38460), and five S.
miltiorrhiza GPPSs. The FARM (the first aspartate-rich motif, DDLPCMD), SARM
(the second aspartate-rich motif, DDXXD) and CXXXC motifs are indicated by

fkkhkT
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Figure S11. Sequence alignment of GGPPS proteins from S. miltiorrhiza and
various other plants. GGPPS proteins included are A. thaliana AtGGPPS
(AAM65107), Croton sublyratus CsGGPPS (BAA86284), and three S. miltiorrhiza
SMGGPPSs. The FARM (the first aspartate-rich motif, DDLPCMD), SARM (the
second aspartate-rich motif, DDXXD) and CXXXC motifs are indicated by “***’,
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Figure S12. Sequence alignment of FPPS proteins from S. miltiorrhiza and
various other plants. FPPS proteins included are Hevea brasiliensis HbFPPS
(AAM98379), Mentha x piperita MpFPPS (AF384040), Vitis vinifera VVFPPS
(AAX76910), and the S. miltiorrhiza SmFPPS. The FARM (the first aspartate-rich
motif, DDIMD) and SARM motifs (the second aspartate-rich motif, DDXXD) are

indicated by “***’,
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Figure S13. Phylogenetic relationships of DXRs form S. miltiorrhiza and various
other plants. DXR proteins included are S. miltiorrhiza SmMDXR (ABJ80680), Hevea
brasiliensis HbDXR1 (AAS94121), HbDXR2 (ABF18928), A. thaliana AtDXR
(AED97658), Populus trichocarpa PtDXR (XP_002318048), Zea mays ZmDXR
(CAC03581), Mentha x piperita MpDXR (AF116825), rice OsDXR (AF367205), H.
vulgare HYDXR (CAE47438), C. stellatopilosus CsSDXR (ABO38177), P. densiflora
PADXR (ACC54558), G. biloba GbDXR (AAR95700), Taxus x media TmDXR
(AAUB7836), and T. cuspidate TcDXR (AAT47184). E. coli ECDXR (NP_414715)
was used as an out group.
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Figure S14. Phylogenetic relationships of MCTs form S. miltiorrhiza and various
other plants. MCT proteins included are S. rebaudiana SrMCT (ABB88837), S.
miltiorrhiza SMMCT (JN831096), A. thaliana AtMCT (NP_565286), H. brasiliensis
HobMCT (BAF98291), R. communis RcMCT (XP_002519366), rice OsMCT
(BAD82245), Z. mays ZmMCT (NP_001140440), Taxus x media TmMCT
(ABUA48538), G. biloba GbMCT (AAZ80386), and P. sitchensis PtMCT (ACN40114).
E. coli ECMCT (XP_001698942) was used as an out group.
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Figure S15. Phylogenetic relationships of CMKs form S. miltiorrhiza and various
other plants. CMK proteins included are G. biloba GbCMK1 (AAZ80384),
GbCMK?2 (DQ102359), A. thaliana AtCMK (BT000208), L. esculentum LeCMK
(AAB49936), S. miltiorrhiza SMCMK (ABP96842), rice OsSCMK (NP_915832), Z.
mays ZmCMK (NP_001149138), S. bicolor SbCMK (XP_002456497), M. piperita
MpCMK (CAB65292), H. brasiliensis HbCMK (BAF98293), and R. communis
RbCMK (XP_002523216). E. coli ECCMK (NP_415726) was used as an out group.
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Figure S16. Phylogenetic relationships of MDSs form S. miltiorrhiza and various
other plants. MDS proteins included are SrMDS (S. rebaudiana, ABG23395),
RvMDS (R. verticillata, ABV89583), HbMDS1 (H. brasiliensis, BAF98294),
AtMDS1 (A. thaliana, NP_850971), OsMDS (O.sativa, BAD29384), SbMDS (S.
bicolor, XP_002452756), ZmMDS (Z,mays, NP_001150687), GbMDS (G. biloba,
ABL77405), TmMDS (Taxus x media, ABU48537), and S. miltiorrhiza SmMDS
(JN831097). CrMDS (C. reinhardtii, XP_001690985) was used as an out group.
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Figure S17. Phylogenetic relationships of HDSs form S. miltiorrhiza and various
other plants. HDS proteins included are AtHDS1 (A. thaliana, NP_200868.2),
HbHDS (H. brasiliensis, BAF98296), AtHDS2/GcpE protein (BAB09833), CarHDS
(C. roseus, AAO24774), GbHDS (G. biloba, ABB78087), VVHDS1 (V. vinifera,
XP_002285130), SIHDS (S. lycopersicum, AF435086), SrHDS (S. rebaudiana,
ABG75916.2), OsHDS (O. sativa, AAO72576), ZmHDS (Z. mays, ACL53652),
SbHDS (S. bicolor, XP_002454137), and S. miltiorrhiza SmHDS (JN831098).
CrHDS (C. reinhardtii, XP_001690937) was used as an out group.
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Figure S18. Phylogenetic relationships of HDRs form S. miltiorrhiza and various
other plants. HDR proteins included are PtHDR (P. trichocarpa, XP_002305413),
HbHDR1 (H. brasiliensis, ACG55683), HbHDR2 (H. brasiliensis, BAF98297),
AtHDR (A. thaliana, NP_567965), CarHDR (C. roseus, ABI30631), PKHDR (P.
kurrooa, ABM89226), PitHDR (P. taeda, AB026588), PidHDR (P. densiflora,
ACC54561), GbHDR1 (G. biloba, ABC84344), GbHDR2 (G. biloba, ABB78089),
GbHDR3 (G. biloba, ABB78090), OsHDR (O. sativa, NP_001051167), ZmHDR (Z.
mays, NP_001169300), SbHDR (S. bicolor, XP_002463933), and two S. miltiorrhiza
SmHDRs. NsHDR (Nostoc sp. PCC 7120, NP_485028) was used as an out group.
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Figure S19. Phylogenetic relationships of AACTs form S. miltiorrhiza and various
other plants. AACT proteins included are ZmAACT (Z. mays, ACF85124),
ZMAACT-c1 (ACG34735), ZmAACT-c2 (NP_001148667), OsAACT (O. sativa,
NP_001041797), AtAACT1 (A. thaliana, AT5G47720), AtAACT2 (AT5G48230),
PtAACT (P. sitchensis, XP_002308755), HbAACT1 (H. brasiliensis, BAF98276),
HbAACT?2 (AF429383), HDAACT3 (BAF98277), RSAACT (R. sativus, CAA55006),
PKAACT (P. kurrooa, ABC74567), PSAACT1 (P. sitchensis, ACN40771), PSAACT2
(ACN41149.1), NtAACT-cl (N. tabacum, AAU95618), NtAACT-pl (AAU95619),
and two S. miltiorrhiza SMAACTSs. SCAACT (S. cerevisiae, P41338.3) was used as an
out group.
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Figure S20. Phylogenetic relationships of HMGSs form S. miltiorrhiza and
various other plants. HMGS proteins included are BjJHMGS1 (B. juncea, AF188639),
BjHMGS2 (AF188640), BJHMGS3 (AF148847_1), OsHMGS (O. sativa,
0s08g0544900), SIHMGS (S. lycopersicum, ABX55778), HOHMGSL1 (H. brasiliensis,
AF429389), HbHMGS2 (AAS46245.1), HbHMGS3 (BAF98279), TmMHMGS (Taxus
x media, AAT73206), CrHMGS (C. roseus, AEC13715), PSHMGS (P. sylvestris,
CAA65250), SmMHMGS (S. miltiorrhiza, ACV65039), RcHMGS (R. communis,
XP_002509692), SbHMGS (S. bicolor, XP_002468628), ZmHMGS (Z. mays,
ACG33137). SCHMGS (S. cerevisiae, P54839) was used as an out group.
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Figure S21. Phylogenetic relationships of MKs form S. miltiorrhiza and various
other plants. MK proteins included are OsMK (O. sativa, 0s10g0329300), AtMK1
(A. thaliana, NP_198097), AtMK2 (L77688), HbMK (H. brasiliensis, AF429384),
ZmMK (Z. mays, ACG46416), PsMK (P. sitchensis, ACN40231), SbMK (S. bicolor,
XP_002453181), RcMK1 (R. communis, XP_002512365), RcMK2 (XP_002529655),
CrMK (C. roseus, ADR65111), and SmMK (S. miltiorrhiza, JN831104). ScMK (S.

cerevisiae, P24521) was used as an outgroup.
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Figure S22. Phylogenetic relationships of PMKs form S. miltiorrhiza and various
other plants. PMK proteins included are OsPMK (O. sativa, 0s03g0253100),
AtPMK1 (A. thaliana, NP_174473), AtPMK2 (NP_001185124), AtPMK3
(BAD43274), HbPMK1 (H. brasiliensis, AF429385), ZmPMK1 (Z. mays,
ACG35008), VVPMK (V. vinifera, XP_002275808), CrPMK (C. roseus, ADR65112),

and SmPMK (S. miltiorrhiza, JN831095). ScPMK (S. cerevisiae RM11-1a,
EDV11711) was used as an out group.
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Figure S23. Phylogenetic relationships of MDCs form S. miltiorrhiza and various
other plants. MDC proteins included are VVMDC (V. vinifera, CAN82519), AtMDC1
(A. thaliana, NP_181404), AtMDC2 (NP_566995), ZmMDC1 (Z. mays, ACF86239),
ZmMDC2 (NP_001149256), PsMDC (P. sitchensis, ACN41090), SoMDC (S. bicolor,
XP_002452980), PgMDC (P. ginseng, ADI80345), CrMDC (C. roseus, ADR65113),
OsMDC (O.sativa, BAD27942), GbMDC (G. biloba, AAV32433), and SmMDC (S.
miltiorrhiza, JN831105). ScMDC (S. cerevisiae, P32377.2) was used as an out group.
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Figure S24. Phylogenetic relationships of IDIs form S. miltiorrhiza and various
other plants. IDI proteins included are AtIDI1 (A. thaliana, AF188066), AtIDI2
(NP_186927), AtIDI3 (AF188067), GbIDI (G. biloba, ACU56979), MtIDI (M.
truncatula, ACJ84381), NtIDI1 (N. tabacum, BAB40973), NtIDI2 (BAB40974),
OsIDI1(O. sativa, ABR26078), OsIDI2 (AF188065), PKIDI (P. kurrooa, ABO14800),
PsIDI (P. sitchensis, ACN41037), PtIDI (P. taeda, ACU56978), SbIDI (S. bicolor,
XP_002439804), SIIDI1 (S. lycopersicum, ABX55779), SIIDI2 (ACS34993), HvIDI
(H. wvulgare, BAJ86792), SmIDI1 (S. miltiorrhiza, ABV08818) and SmIDI2
(JN831106). ScIDI (S. cerevisiae, AAB68245) was used as an out group.
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Figure S25. Phylogenetic relationships of CPSs form S. miltiorrhiza and various
other plants. CPS proteins included are HaCPS (H. annuus, CBL42915), SrCPS (S.
rebaudiana, AAB87091), LsCPS (L. sativa, BAB12440), SACPS (S. dulcis,
BABO03594), PsCPS (P. sitchensis, ADB55709), PgCPS (P. glauca, ADB55707),
OsCPS1-ent (O. sativa, BAD42449.2), OsCPS2-ent/OsCyc2 (BAD42452),
OsCPS-syn/OsCycl (BADA42451), ZmCPS1 (Z. mays, AAA73960), ZmCPS2
AAT70083), SmCPS1 (S. miltiorrhiza, ABV57835), SmCPS2 (JN831114), SmCPS3
(JN831115), and SmCPS4 (JN831120). AgAc (A. grandis, AAB05407) was used as
an outgroup. Sequences in upstream of the partially conserved motif SPYDTAWVAL
were trimmed.
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Figure S26. Phylogenetic relationships of KS and KSLs form S. miltiorrhiza and
various other plants. Proteins included are NtKS (N. tabacum, AAS98912), SmKS1
(S. miltiorrhiza, ABV08817), SmKSL2 (JN831119), HaKSL2 (H. annuus,
CBL42916), HaKSL3 (CBL42917), SrKS1 (S. rebaudiana, AF097310), CmKS (C.
mollissima, AEF32083), AtKS (A. thaliana, AAC39443), PsKS (P. sitchensis,
ADB55710), PgKs (P. glauca, ADB55708), OsKS1A (O. sativa, AAQ72559),
OsKS1B (AAQ72560), OsKS1C (AAQ72561.1), and ZmKS (Z. mays, AF105149).
AgAc (A. grandis, AAB05407) was used as an out group. About 200 amino acids in
the N-terminal of most KS proteins were trimmed because SmKSL1 lacks those
sequences.
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Figure S27. Expression patterns of forty terpenoid biosynthesis-related genes in
various tissues of S. miltiorrhiza plants. Fold changes of transcript levels in flowers
(FI), leaves (Le), stems (St), root cortices (Rc) and root steles (Rs) of S. miltiorrhiza
plants grown in soil are shown. Transcript levels in flowers were arbitrarily set to 1.
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Figure S28. Expression patterns of forty pterpenoid biosynthesis-related genes in
S. miltiorrhiza plantlets treated with MeJA. Fold changes of transcript levels in
leaves (L) and roots (R) of S. miltiorrhiza plantlets treated with MeJA for 0 and 24
hours. Transcript levels in leaves of plantlets without treatment were arbitrarily set to
1.
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Table S1. Primers used for quantitative real-time RT-PCR.

Gene name Primer name Sequence (5'to 3')
SmUBQ UBQ-F agatgggcggacacttgctgatta
UBQ-R actctccacctccaaagtgatggt
SmDXS1 DXS1-F catgctcttatacggagcttggcca
DXS1-R ggcgtgagtcctgcttccatcagt
SmDXS2 DXS2-F cagcgcccatatttctcatttcttat
DXS2-R gaagactgtcttttcccccaccaat
SmDXS3 DXS3-F ggctccattgggggatttggttca
DXS3-R cactgaagtttgagagcttccatag
SmDXS4 DXS4-F tctctcgacggccttctcgatgct
DXS4-R catcaagagaagagcgtcgcgggt
SmDXS5 DXS5-F gttggtggctttggatcacacgtt
DXS5-R tctctaaagcttctctggatttccaa
SmMDXR DXR-F tggaggcaccatgaccggagttct
DXR-R gggcccactggtcgtagtggatga
SmMMCT MCT-F acctgaaatttgcattgcctgggaa
MCT-R tccttgattgtagccttagcaggaa
SmMCMK CMK-F ccaagagtggtcgggtgagattgg
CMK-R ggggcatgcctcttgtggcttaat
SmMMDS MDS-F ttggccacggatttgaccttcatc
MDS-R tgccctatatctgggagceccaagce
SmHDS HDS-F cgtggtgacgaaccccaagaagag
HDS-R gccagcaccgataaccaagtcgtc
SmHDR1 HDR1-F ctcagaattgcgtggaattccatca
HDR1-R ttaagccgattgcaatacttctgcett
SmHDR2 HDR2-F atcgtattgggttgacagcgagaaa
HDR2-R tatgccgtttgcaatacttcatcgc
SMAACT1 AACTI1-F aaagctctggagctcgggcttaca
AACTI1-R tccaaaccagcattcttgagtgcect
SMAACT?2 AACT2-F gcaatggcagttaaacttggattgga
AACT2-R gagattgctctcggtatcgcaatg
SmMHMGR1 HMGR1-F caataaggaggctcccggatccaa
HMGR1-R acttcatgctcgcaacatccttatt
SMHMGR2 HMGR2-F ctcaacctgctgggagtcaaggga
HMGR2-R ttgagagcttagtaacatctttggaa
SMHMGR3 HMGR3-F caataaggaggctcccggatccaa
HMGR3-R acttcatgctcgcaacatccttatt
SMHMGRA4 HMGR4-F tagcatcacaatcggcttgcctca
HMGR4-R ctcgaccggttgtacttcatgtga
SMHMGS HMGS-F aggactgcagccttcttgcaccag
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CPS5-F
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KSL1-F
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ttcgcaatggccttcttggcatag
ttcgtetgetgetetttgtgttge
agatggcctcccatggatcatctt
tgcatgtcatcgctcaaactgete
tcaattggaatccctcgaccagea
agtgcttgcegceagcttgtatggt
ctggtttcaaccgtgtcacgceatt
gcatccaaatccagacgaagtgea
tttctcgacgtggtcccaccactt
gtgaagtacgtgagccgcegageaa
tttcatgtcagccgcettgggega
atacaaggcggggtattggctcttt
tgcatggtctcaccagtgaccaga
ctgcattgttagaggcatctgtagttt
agcttgggatacgtggtcttgtcg
ccagattgtggacttgtcgagcga
caacacacctggcgtacttcctcaa
gcgtgcgaggaggagategggaat
cctggacttctccactccgatgagt
tcacgagcatctccctctgaccga
gctggeccgactgatctctattata
cgaggccaactacccaaccacacat
tctcctgcacgactcgaaggaggt
tgacttgccgtgcatggatgatgat
cceactgeccttgctatctcagea
gttcgccaagtgcatcggectca
agccttgtgagaatcgaagtgaagg
gcgggtgaggacctggagaaacat
cagggcctttacaaccagccaagaa
ccacatcgccttcagggaagaaat
tttatgctcgatttcgctgegatct
ggtctcatcgecttcaacgaagat
tccttatcctttatgetcccatcca
ggagatgccaattcgaacatcaga
tcaaatatagttgcggcggcecaaa
cggctgecttgggcetacaacaata
tccetggtgacctectectteeea
tagaagatgcagctactttctctget
catcatcttcaccgecgtactgtt
tggaaacagtgtgacccttctgct
gcttgcatacaaataacacccaatect
ttagttttggagggcaagaagagtgt
ctcctgtttggtcgttgagaagaata




Table S2. Conserved motifs of PTs in various plant species.

The first FARM motif The second SARM motif
Different types of PTs

CXXXC motif (DDX3.4p) CXXXC motif (DDXXD)
SmGPPS,SIGPPS,CrGPPS (subunits of
homodimeric GPPSSs) DDVLD DDVLD
SMGPPS.LSU, MpGPPS.LSU, AmMGPPS.LSU
(large subunits of heteromeric GPPSSs) CIAAC DDLPCMD DDILD
SMGPPS.SSUI, MpGPPS.SSUI,
AmMGPPS.SSUI (small subunits of heteromeric  CV/LAAC CGAAC (except

for SmGPPS.SSUI)

GPPSs, typel)
SmGPPS.SSUII.1, OsGPPS.SSUII.1,
SmGPPS.SSUII.2, AtGPPS.SSUII.2 (small CV/IAAC DDLPXXD CSAV/AC
subunits of heteromeric GPPSs, type I1)
SMGGPPS1, SmMGGPPS2, SmMGGPPS3,
AtGGPPS, CsGGPPS CLAAC DDLPCMD DDXXD
SmFPPS, HbFPPS, MpFPPS, VVFPPS DDIMD DDYLD




