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Table S1.

Table S1. Primers used for RT-qPCR in this study

Genes Primers Primer sequence (5’-3’)
Beta-actin Forward primer ggcagtttggacaagagaagacacagtcacc
Reverse primer ttttttgattaaaaaaaaaagctgaaatcataatatttttaat
LaLINS Forward primer atgtcgatcaatatcaacatgcctgcagec
Reverse primer tcatgcgtacggctcgaacagcatg
LaLIMS Forward primer atgtctatcattagcatgcatgtgggaatccttaataggce
Reverse primer ttagggatatggctcgaacatcagggttcca
LaBERS Forward primer atggaggcgagaaggtcggeg
Reverse primer tcatggcatatggaagggtagaacaatgagtgacac
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Table S2.

Table S2. Search for structural homologs of LaLINS using SWISS-MODEL

Rank | PDB

code

GMQE

Identity
(%)

Method

Oligo
State

Ligands

Description

1 1nlz

0.87

64.56

X-ray, 2.3
A

homo-
dimer

6xMG,
2xBTB,
2xPOP

(+)-bornyl diphosphate
synthase; (+)-Bornyl
Diphosphate Synthase:
Complex with Mg and
pyrophosphate from
Salvia officinalis

2 5c05

0.82

58.16

X-ray, 1.6

homo-
dimer

None

Putative gamma-
terpinene synthase;
Crystal Structure of
Gamma-terpinene

Synthase from Thymus
vulgaris

3 | 2j5c

0.74

54.37

X-ray, 2.0

monomer

None

1,8-CINEOLE SYNTHASE;
Rational conversion of
substrate and product
specificity in a
monoterpene synthase.
Structural insights into
the molecular basis of
rapid evolution from
Salvia fruticosa

4 2onh

0.76

51.87

X-ray, 2.7

homo-
dimer

6xMN,
2xFPG,
4xBTB

4S-limonene synthase;
Crystal Structure of
limonene synthase with
2-fluorogeranyl
diphosphate (FGPP)
from Mentha spicata

5 S5uv0

0.76

45.76

X-ray, 2.3

monomer

None

(+)-limonene synthase;
Crystal Structure of (+)-
Limonene Synthase

from Citrus sinensis
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Table S3.

Table S3. Search for structural homologs of LaLIMS using SWISS-MODEL

Rank

PDB
code

GMQE

Identity
(%)

Method

Oligo
State

Ligands

Description

1nlz

0.84

65.81

X-ray, 2.3
A

homo-
dimer

6xMG,
2xBTB,
2xPOP

(+)-bornyl diphosphate
synthase; (+)-Bornyl
Diphosphate Synthase:
Complex with Mg and
pyrophosphate from
Salvia officinalis

5c05

0.79

60.29

X-ray, 1.6
A

homo-
dimer

None

Putative gamma-
terpinene synthase;
Crystal Structure of

Gamma-terpinene
Synthase from Thymus
vulgaris

2j5¢

0.72

55.83

X-ray, 2.0
A

monomer

None

1,8-CINEOLE SYNTHASE;
Rational conversion of
substrate and product
specificity in a
monoterpene synthase.
Structural insights into
the molecular basis of
rapid evolution from
Salvia fruticosa

2onh

0.74

53.06

X-ray, 2.7
A

homo-

dimer

6xMN,
2xF3P,
1xBTB

4S-limonene synthase;
Crystal Structure of
limonene synthase with
2-fluorolinalyl
diphosphate(FLPP) from
Mentha spicata

S5uv0

0.72

46.88

X-ray, 2.3
A

monomer

None

(+)-limonene synthase;
Crystal Structure of (+)-
Limonene Synthase
from Citrus sinensis
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Table S4.

Table S4. Search for structural homologs of LaBERS using SWISS-MODEL

Rank

PDB
code

GMQE

Identity

(%)

Method

Oligo
State

Ligands

Description

5uv0

0.81

48.58

X-ray, 2.3

A

monomer

None

(+)-limonene synthase
Crystal Structure of (+)-
Limonene Synthase
from Citrus sinensis

2j5¢

0.75

45.37

X-ray, 2.0
A

monomer

None

1,8-CINEOLE SYNTHASE
Rational conversion of
substrate and product
specificity in a
monoterpene synthase.
Structural insights into
the molecular basis of
rapid evolution from
Salvia fruticosa

2onh

0.78

44.92

X-ray, 2.7
A

homo-
dimer

6xMN,
2xF3P,
1xBTB

4S-limonene synthase;
Crystal Structure of
limonene synthase with
2-fluorolinalyl
diphosphate(FLPP) from
Mentha spicata

3n0f

0.79

44.38

X-ray, 2.7
A

monomer

None

Isoprene synthase;
Crystal Structure of
Isoprene Synthase from
Grey Poplar Leaves
(Populus x canescens)

609p

0.77

42.96

X-ray, 2.1
A

monomer

1xBFQ,
2xMG

Sesquisabinene B
synthase 1; Wild-type
SasSQS1 Complexed with
Ibandronate from

Santalum album
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Table S5.

Table S5. Primers used for generating site-directed mutants of LaLINS

Primers Primer sequence (5’-3’)
R283A (F) catttgtgGCAgataggcttgtggaaagctacttttg
R283A (R) gcctatcTGCcacaaatgggagtttttcagctagg
D320A (F) catctttaGCAgatgtttacgatatctatggcacgttag
D320A (R) gtaaacatcTGCtaaagatgtgattagggttatgatcttggt
D324A (F) gatgtttacGCAatctatggcacgttagatgaattg
D324A (R) ccatagatTGCgtaaacatcgtctaaagatgtgattaggg
R461A (F) gctcgtgGCActtcccgatgacctaggaaca
R461A (R) cgggaagTGCcacgagcattcccgaaac
T468A (F) cctaggaGCAtcatcgttcgagatggagag
T468A (R) cgatgaTGCtcctaggtcatcgggaagc

Note: Mutagenic regions of the sequence are shown in underlined and bold.
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Table S6.

Table S6. Primers used for generating site-directed mutants of LaLIMS

Primers Primer sequence (5’-3’)
R319A (F) cattcgcgGCAgatcgggttgttgagtcc
R319A (R) cccgatcTGCcgegaatgggagtttttc
D356A (F) gttgtaGCAgatgtttacgatgtatatggtacg
D356A (R) gtaaacatcTGCtacaactgttgctagagcaataatc
D360A (F) gtttacGCAgtatatggtacgttagaggaactg
D360A (R) ccatatacTGCgtaaacatcatctacaactgttgc
R497A (F) gcttctaGCActtcctgatgatctaggaacag
R497A (R) caggaagTGCtagaagcattcctgagagg
T504A (F) gatctaggaGCAgcatcgtttgagttgaagag
T504A (R) cgatgcTGCtcctagatcatcaggaagcec

Note: Mutagenic regions of the sequence are shown in underlined and bold.
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Table S7.

Table S7. Primers used for generating site-directed mutants of LaBERS

Primers Primer sequence (5’-3’)
R254A (F) gttttgccGCAcaccgattggcagag
R254A (R) caatcggtgTGCggcaaaactcatcttttcg
D291A (F) cgataacaGCAgacatatacgacatttatggagc
D291A (R) gtatatgtcTGCtgttatcgtaattagcactgcaatc
D295A (F) catatacGCAatttatggagcgttagaagaac
D295A (R) ccataaatTGCgtatatgtcatctgttatcgtaattag
R432A (F) ggttcttGCActtgcagatgatttgggaac
R432A (R) ctgcaagTGCaagaaccatggatggccaac
T439A (F) gatttgggaGCAtcatcagaagaaatcaaaagagg
T439A (R) ctgatgaTGCtcccaaatcatctgcaag

Note: Mutagenic regions of the sequence are shown in underlined and bold.
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Figure S1.
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Figure S1. Sequence alignments of terpene synthases. The ClustalW default color
scheme is employed, wherein conserved amino acids are depicted with more intense
colors compared to non-conserved ones. The alignment includes the following
reference proteins: Q2XSC5, Lavandula angustifolia (Lavender); Q8H2B4, Mentha
aquatica (Water mint); Q2XSC6, Lavandula angustifolia (Lavender); R4YXWS8, Coffea
arabica (Arabian coffee); Q1XBUS5, Solanum lycopersicum (Tomato, Lycopersicon
esculentum); Q2XSC4, Lavandula angustifolia (Lavender); J7LQ09, Phyla dulcis (Aztec
sweet herb, Lippia dulcis); AOA1C9J6A7, Citrus sinensis (Sweet orange, Citrus
aurantium var. sinensis); Q9SPN1, Artemisia annua (Sweet wormwood); Q9SPNO,
Artemisia annua (Sweet wormwood); A71ZZ1, Cannabis sativa (Hemp, Marijuana);
Q5SBP3, Ocimum basilicum (Sweet basil); F2XFA6, Picea sitchensis (Sitka spruce, Pinus

sitchensis); F2XF93, Picea glauca (White spruce, Pinus glauca).
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Figure S2.

@ B B H1 H2 H3

MSININMPAAAVLR PFRCSQLHVDETRRSGNYR PSAWDENY IOS LNSQYKEKKCLTRLES
1 5 10 15 20 25 30 35 40 45 50 55

g

H4 H5 H6 H7

LIBVKELKGTEKMFAVOOLELIDDSQNLGLSYY FODKTKHI LNLIYNDHKY FYDS EA BSM
61 65 70 75 B0 B85 9 9 100 105 110 115 120

H8 H9 H10 H11l

DLYFTAIGFRLFROHG FKVSQEVFDR FKNENGTY FKHDDTKGLLOLY FAS FLVREGEETL
121 125 130 135 140 145 150 155 160 165 170 175 180

o i H13 H14 .

POAREFATKS LORKLDEDGDG IDANI ESWIRHS LEI PLHWRAQRLEARWFLDAYARR PCH
181 185 190 195 200 205 210 215 220 225 230 235 240

H15 H16 H17 Hl

NPVIFELAKLNFNIVOATQOEELKA LS RWWSS LG LAEKLPFVRDRLVESYFWAIPLFEPH
241 245 250 255 260 265 270 275 280 285 290 295 300

8 H20 H21 H22

QYGYQRKVATKIITLITS LDDVYDIYGTLDELQLFTNLFERWDNAS IGRLPEYLQLFYFA
301 305 310 315 320 325 330 335 340 345 35 355 360

H23 H24

IHNFVSEVAYDILKEKG FTS IVY LORSWVDLLKG YLK EAKWYNSGYTPS LEEY FDNAFMT
361 365 370 375 380 385 390 395 400 405 410 415 420

H25 H26 H27

IGAPPVLSQAYFTIGSSMEK P11 ESMY EYDNI LRVSGMLVRLPDDLGTSS FEMERGDV PK
421 425 430 435 440 445 450 455 460 465 470 475 480

H28 H29 H30

SVQLYMKETNATEEFAVEHVR FLNR FAWKKMNTA FAAGDS PLVS DVVAVAANLGRAAQFM
481 485 490 495 500 505 510 515 520 525 530 535 540

H3l

¢

YFDGDGNOSS LOCWIVSMLFEPYA
541 545 550 555 560

Key:
S e :ulxes labelled H1, H2, ... and strands by their sheets A,

Helix Strand
Motifs: |’ beta turn ¥ gamma turn

Figure S2. Secondary structure of LaLINS.
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Figure S3.

29 £
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v
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IMYKYHDILYLSGMLIRLPDDLGTAS FELKRGDVOKAVOCYMKERNVPENFAREHVKFLI
481 485 490 495 500 505 510 515 520 525 530 535 540

H30 - H31

v ‘l.
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Key:

s . Pl - Helices labelled H1, H2, ... and strands by their sheets A,
SO [ S

Helix Strand
Motifs: | beta turn ¥ gamma turn

Figure S3. Secondary structure of LaLIMS.
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Figure S4.
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9 H20 H21 H22

WhAFa—SF— ST —SN

EELQEFTFAFERWDINS LOLLPEYMOICFIATFNSANEIGYQOILRDOGLNI TPNLKRSWA
301 305 310 315 320 325 330 335 340 345 350 355 360

H23 H24 _ H25
ELSRAYYLFARWFHNGFVPTTDOYLNTAWIS ISGPLLISYGYLTTTNPINNKELKS LEKH
361 365 370 375 380 385 390 395 400 405 410 415 420

H26 H27 H28

RIS ITF — ST — S

PSIIRWPSMVIRIADDIGTSS EEIKRGIVSKS IQCYMNETGCCESDARHHVES LI EVALK
421 425 430 435 440 445 450 455 460 465 470 475 480

H29 ... H

RMNDEITMEKPFKS FDTNAMNIARIS LCFYOYGDGFGKPHSDTIKNIVS LIVLPFHMP
481 485 490 495 500 505 510 515 520 525 530 535

Key:

s . M) - Helices labelled H1, H2, ... and strands by their sheets A
- &

Helix Strand
Motifs: | beta turn ¥ gamma turn

Figure S4. Secondary structure of LaBERS.
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Figure S5.

(a) LaLins
!-II-I-IIIII-Il-I-|I-||II'|I||‘I
(b) LaLimvs |

1[HH Il-I||'|"|||'""'|'||i
(c) LaBERs

T[RRI S TR T

Figure S5. Secondary structure of the three terpene synthases.
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Figure S6.

atgtcgatcaatatcaacatgcctgcagecgecgtectecgeccttttcgetgetcacaactacatgtcgatgaaaccegacgcetecggaaact
accgecccteggettgggattccaactacatccaatctctcaattctcagtataaggaaaagaagtgcttgacaaggctagaagggctgattg
agcaagtgaaggaactgaaggggacaaaaatggaggctgttcaacaattggagttgattgatgactcgcagaatctgggattatcatattat
tttcaagataaaattaaacatatcttgaatttgatatataatgatcacaaatatttttacgatagtgaagctgaaggaatggatttgtattttaca
gctcttggatttagactctttagacaacatggttttaaagtctcccaagaagtatttgatcgtttcaagaacgagaatggtacgtatttcaagcea

cgacgatacaaagggattgttgcagctctacgaagcatcattcctagtgcgagaaggegaagagacactcgaacaagcacgagaatttgec
accaaatccctacaaagaaaacttgatgaggatggtgatggaattgacgecaatatcgaatcatggatccgecactctctggagatceccact

tcattggagggctcagaggctagaggegagatggttcctagatgcttatgegagaaggeccgacatgaaccecgttatcttcgagettgetaa
actcaacttcaatattgtccaagcaacacaacaagaagaattgaaagctctctcgaggtggtggagtagtttaggectagetgaaaaactce
catttgtgagggataggcttgtggaaagctacttttgggctattccactctttgagectcatcaatatggatatcaaagaaaagtggcecaccaa
gatcataaccctaatcacatctttagacgatgtttacgatatctatggcacgttagatgaattgcaactatttacgaacttatttgaaagatggg
ataatgcatcaatcggccgacttcctgaatacttgcaattgttctatttcgcaatccacaactttgtttccgaggtggcttacgacattctcaaag
aaaagggtttcactagtattgtatatttacagagatcgtgggtggatttgctaaaaggatacctaaaagaggcaaagtggtacaatagtgga

tacacgccaagcctcgaggaatatttcgacaacgcattcatgacaataggggeccctecggtactatcgcaagcttatttcacattaggaage
tcgatggagaaaccgatcatcgagagcatgtacgaatatgacaacatacttcgegtttcgggaatgctegtgaggcttcccgatgacctagg

aacatcatcgttcgagatggagagaggcgacgtgccgaaateggtccagetatacatgaaggaaacaaatgctacggaggaggaggegst
ggagcacgtgaggttittgaatcgggaggcgtggaagaagatgaacacggeggaggcggccggtgattctecgttagtgagtgacgtggte
gcggtggeggcegaatcttggaagggcggegcagtttatgtatttcgacggagatggtaaccagtctagtttgcagcagtggattgtgageatg
ctgttcgagccgtacgcatga

Figure S6. Gene sequence of LaLINS
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Figure S7.

atgtctatcattagcatgcatgtgggaatccttaataggectgeagcttataaccatcttcgecaacttggacaggagagcttcaaagecgegee
atgtctcttctactgecgecgecactegecteegggtticttgegecacacaactagaaattaagtcegtcgatgaaaccegacgcetecggaaa
ctacaaccctaccgcttgggatttcaactacatccaatccctcgacaatcagtataagaaagagaggtactcgacaagacacgetgagetga
ctgtgcaagtgaagaagctgctggaggaagaaatggaageggttcaaaagttggaattgattgaggatttgaagaacctgggaatatctta
cccatttaaggacaatatccaacagattttaaatcaaatatataatgagcacaaatgttgccacaacagtgaagtggaagaaaaggatttgt
atttcacggctcttcgattccgactccttagacaacagggttttgaagtctctcaagaagtatttgatcatttcaagaacgagaagggtacaga
tttcaagccaaaccttgctgacgatactaaaggactattgcaactttacgaagcatctttcctattaagagaagcetgaagatacacttgagtta
gctcgacaattttcaaccaaattactgcagaaaaaagtcgatgagaatggtgatgataaaatagaggataatctattattatggattcgeegt
tctttggagctcecgettcattggagggtgcaaaggctagaagcaagagggttcttggatgcttacgttagaaggeccgacatgaatccaatt
gtttttgagctcgecaaactcgacttcaatattacccaagcaacacaacaagaagaactgaaagatctctcgaggtggtggaatagtacagg
ccttgccgaaaaactcccattcgegagggategggttgttgagtectacttctgggeaatgggaacctttgagectcatcaatatggttatcag
agagaacttgtcgccaagattattgctctagcaacagttgtagatgatgtttacgatgtatatggtacgttagaggaactggaactatttacag
atgccattcggagatgggatcgtgaatcaatcgaccaacttccttactacatgcagcetatgcetttttgactgtcaacaactttgttttcgagettg
ctcatgatgttcttaaggataagagtttcaactgcttaccacatttacagagatcgtggctagacttggctgaagcatatctigtcgaggctaag
tggtaccacagtagatatacaccgagcctcgaggaatatctcaatattgcaagagtttcagttacgtgtcccactatagtttcacaaatgtactt
tgcattaccaattccgatagagaaaccggtcatcgagatcatgtacaaataccacgacatactttacctctcaggaatgcttctaaggettect
gatgatctaggaacagcatcgtttgagttgaagagaggtgatgtgcaaaaagcagtccagtgttatatgaaggaaagaaatgttcctgaaaa
tgaggcacgagaacatgtgaagtttctgattcgggaggcgtcgaagcagataaacaccgcgatggegaccgattgtecatttactgaagatt
ttgctgtggctgcagegaatcttggaagagtggegaatttigtgtacgtcgacggagatggttttggegtgcaacactcaaaaatatatgaac
agattggaaccctgatgttcgagccatatccctaa

Figure S7. Gene sequence of LaLIMS
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Figure S8.

atggaggcgagaaggtcggggaatttcgagtccageatctgggacgacgattacattcagtccctaacgagticatatacgggtaaaatgta
cgtagataaatctgagaagctgaaaattgaggtgaagatgatgatggacgaagcaacagatgagttggagcaactcgagcttatcaacgat
ctgcaaaggcttggtatatcttaccacttcaaagatggcatagctaagatgttgaacaacatttataagtcagatagcaaatacatggaaaa
ggacttgcacctcacagctctcaaatttagacttcttagacaacatggatatcgtgttcctcaagatgtttttagtagtttcatggatgatgaagg
aaatttcgaggcctgggtggttgaagacgtgtcagticttgtatctctgtatgaagettcgeacatatcagtggaaggggagagcatattggat
atggcgaaagatttctcatcgcatcatcttactgaaatggtggagcagattggtgaggcegtgtttagccgagcaagtgaagegtacgtiggag
cttccactacactggagagttgggagacttgaagccagatggttcgtacaagectacgagactagacccaactcaaaccccactetggtgga
gctagccaaactagatttcaacatggtacaagccaaataccaggatgagcettaaacgctgttcaaggtggtatgaagaaactggectaccc
gaaaagatgagttttgccagacaccgattggcagagtgtittttgtggtctctgggatttataccagatcctcatcatgggtattcgagggagat
tatgaccaagattgcagtgctaattacgataacagatgacatatacgacatttatggagcgttagaagaacttcaagagttcacagaggcatt
cgagagatgggatatcaattcattggatctccttccagaatacatgcaaatctgtttcttagcaatcttcaactctgcaaatgaattgggttate
aaattctgagggaccaaggcctcaatattatcccaaatctgaagagatcgtgggcagaattgagtagagcttactacttagaagcaagatgg
tttcacaacggatttgtcccaactacagatcagtatctgaatactgcttggatttccatttcgggtectctacttctttectatggetacctcacca
ccacgaatcccataaacaacaaggaactgaagagcectagaaaaacatectagtatcateegttggecatecatggttcttcgacttgeagat
gatttgggaacttcatcagaagaaatcaaaagaggggatgtctcgaaatcaatccaatgctacatgaatgaaacaggatgetgegagges
gatgcccgacatcacgtaaagagtttgattgaggtageattgaagegaatgaacgatgagatattgatggagaagceccttcaagagtttcga
caccaacgccatgaatcttgcacgaatatctctctgcttctatcaatatggtgatggtttcgggaagecccactctgataccatcaagaacttg
gtgtcactcattgttctacccttccatatgecatga

Figure S8. Gene sequence of LaBERS
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Figure S9.

ggcagtttggacaagagaagacacagtcacccattttctgcaagtcaagaacgcattaacaaatggecgaagecgaggatattcagececctt
gtctgtgacaatggaactggaatggtcaaggctggattigetggagatgatgctccaagggecgtcttcectageattgttgggegecctegte
acactggtgtgatggttggcatgggccaaaaagatgcttatgttggtgacgaggctcagtccaagagaggtatattgacattgaagtateega
ttgagcacggaattgtcagcaactgggatgatatggagaaaatatggcatcacacattctacaatgagcttcgtgtagccccagaagageac
ccgattctcttgacagaggctcctcttaatcccaaggecaatcgtgagaagatgactcagatcatgtttgagacctttaatgeccctgecatgta
tgttgctattcaggcagttctctcactctatgecagtggtegtacaactggtattgttctggactctggtgatggtgtgagtcacacagtceccat
ctacgaaggttatgcactccctcatgcaatccttcgtcttgatctggetgggegtgatctcaccgactecctcatgaagatattgaccgagaga
ggctactcattcacaaccactgctgagegggaaattgtgagggacatcaaagagaagcetggcttacattgcactggactacgaacaggage
tggagacagcaaagaccagctccgetgtggagaagaactacgaactgectgatggacaggtcatcactateggtgetgageggttecgetg
ccctgaggttctgttccagecatcaatgatcggaatggaagcetgetggaatccacgagaccacttacaattccatcatgaagtgtgatgtegat
atcagaaaggatctgtacggaaacattgtcctcagtggtgggtegactatgttccceggtattgetgataggatgagcaaggagatcacegcet
ctggctcccageageatgaagattaaggtggtggctccgeccgagaggaagtactctgtctggataggaggttecattttggettctctcage
accttccagcagatgtggattgccaaggcagagtacgacgaatctggeecgtcgategttcacagaaaatgcttctaaggaggagagcetigg
gtgaagagagatttgccctgctgttgctgectgcteatttggtttctgttttagttictggtgttattttactcctctectatgagettttactttttaa
gatttgatgaagctttggacatggtgacagacaatattcatttttccaatttgtagaagagtttgtgtattaaaaatattatgatttcagcttttttt
tttaatcaaaaaa

Figure S9. Sequence of housekeeping gene beta-actin
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