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Supplementary Table 1. Plasmids used in this work

Plasmid Properties Reference

pILGFPE9 Yeast integration plasmid; Puras>KIURA3> Tagrrri- !
Preri>yEGFP>Tuyras

pJAID6A Yeast integration plasmid; Pyras>KIURA3> Tagreri- This work
Preri>yEGFP>Tpki-Pacs:>OsTIRI™> Tyras

pJAIDSZ Yeast integration plasmid; Puras>KIURA3>Tagreri- This work
Preri>AID *>yEGFP> Trcri-Pacs>> OsTIRI?> Turas

pJAID5SVY Yeast integration plasmid; Pyras>KIURA3> Tagreri- This work
Prepi>CUPI-AID*>yEGFP>Tpgki-Pacs>> OsTIRI1%>Tyras

pJAID6JY Yeast integration plasmid; Pyras>KIURA3> Tagreri- This work
Preri>TRX1-AID *>yEGFP> Trcri-Pacs>> OsTIR [P"> Turas

pJAIDSWY Yeast integration plasmid; Puras>KIURA3>Tsereri- This work
Preri>SODI1-AID *>yEGFP> Trcxi-Pacs>™> OsTIR P> Turaz

pJAID5SXY Yeast integration plasmid; Pyras>KIURA3> Tagreri- This work
Preri>mRFP-AID *>yEGFP> Trcxi-Pacs>™> OsTIR P> Turaz

pJAID9L Different from pJAID6A by having different restriction sites; This work
Yeast integration plasmid; Pyras>KIURA3> Tagreri-
Preri>yEGFP>Tpgi-Pacs:>OsTIR1'>Typas

pJAID8Z Yeast integration plasmid; Puras>KIURA3>Tsgreri- This work
Prer; >yEGFP> Trcri-Pacs:>SKP1>OsTIRI?™> Tyrus

pJAIDIL104  Yeast integration plasmid; Pyras>KIURA3> T agreri- This work
Prer; >yEGFP>AID *>CUPI>Trcxi-Pacs>> OsTIR P> Turaz

pJAID9L105  Yeast integration plasmid; Pyras>KIURA3> Tugreri- This work
Prepi>yEGFP>AID*>CUPI1>SV40NSL> Tpok -
PACSQ>OSTIR]0‘Dt> Turas

pJAID8Z104  Yeast integration plasmid; Pyras>KIURA3> Tugreri- This work
Prer; >yEGFP>AID *>CUPI>Trcxi-Pacs>>
SKP]>OST]R]UPI>TURA3

pJAIDS8Z105  Yeast integration plasmid; Pyras>KIURA3> Tugreri- This work
Prer; >yEGFP>AID *>CUPI1>SV40ONSL> Tpck;-
Pucs:>SKPI1>OsTIRI> Typas

pILGFP5V1 Yeast integration plasmid; Puras>KIURA3>Tagreri- This work
Prepi>CUPI-AID*>yEGFP>Tpcki- Turas

pILGFP104 Yeast integration plasmid; Pyras>KIURA3> Tagreri- This work
Prer; >yEGFP>AID *>CUPI1>Tpgii-Turas

pILGFP105 Yeast integration plasmid; Puras>KIURA3>Tagreri- This work
Prer; >yEGFP>AID *>CUPI>SV40ONSL> Trcki- Turas

pML105 Yeast/E. coli shuttle plasmid; 2u URA3 Prpus>Cas9> Tupri- 2
Tsup+s<Swal<Psyrs>

pISKP1-TIR1 Yeast integration plasmid; Puras>KIURA3> Tugreri- Trki- This work

Pics> SKP1>OsTIRI1%">Tyraz



pIT11

pJT11F

pILGFP3

pILGFP1D5

pILGFP1F5

pILGFP1H5

pILGFPY2A

pJTOR

pJTORFR

pIR3DHS

pIR3DHSK

Yeast/E. coli shuttle plasmid; 2u LEU2
Trers>ERG20™"?""> PG a11-PGario>-Partaps-
P6ur2>CILS>Trprai8

Yeast/E. coli shuttle plasmid; 2u LEU2
Trers>ERG20™"?">PGa11-PGar 10> Y-FAST> Tarps-
P6ur2>CILS>Trprai8

Yeast integration plasmid; Puras>KIURA3>Tagreri-
VEGFP>Turas

Yeast integration plasmid; Puras>KIURA3>Tagreri-
YEGFP>Trcki-Turas

Yeast integration plasmid; Pyras>KIURA3> Tagreri-Preri>
(BamHI)yEGFP>Tpcki-Turas

Yeast integration plasmid; Puras>KIURA3>Tsgreri-
Preri>yEGFP>Tpki-Turas

Yeast integration plasmid; Pyras>KIURA3>Tagreri-Preri>Y-
FAST-ErB1.24-yEGFP>Tpgki-Turas

Yeast/E. coli shuttle plasmid; 2u LEU2 Trpr3>ERG20>Pgari-
PGar2>AcNESI>Trpr418

Yeast/E. coli shuttle plasmid; 2u LEU2 Trpr3>ERG20>Pgari-
P6ur2>Y-FAST>ErB1.2A-AcNES1>Trpra18

Yeast integration plasmid; gal80Arm1-Pagreri-KIURA3-Tagreri-
gal804Arm?2

Yeast integration plasmid; gal80Arm1-Prpy-KanMX4-
gal804Arm?2

This work

This work

This work

This work

This work

This work

This work

This work




Supplementary Table 2. Saccharomyces cerevisiae strains used in this work

Strain Genotype Reference

CEN.PK2-1C MATa ura3-52 trp1-289 leu2-3,112 his3A 1 5

CEN.PK113-5D MATa ura3-52 3

ILHA series strains

GH4 CEN.PK113-5D derivative; ura3(1, 704)::KIURA3>Tugreri !

G6A CEN.PK113-5D derivative; ura3(1, 704).:: KIURA3> Tugreri- This work
Prepi>yEGFP> Trek1-Pacs:>OsTIRI™
(Figure 1, yEGFP + TIRI)

G5Z CEN.PK113-5D derivative; ura3(1, 704).:: KIURA3> Tigreri- This work
Prepi>AID *>yEGFP>TPGK1-PAc52>OSTIR]0pt
(Figure 1, AID*-yEGFP + TIR1)

G5V CEN.PK113-5D derivative; ura3(1, 704).:: KIURA3> Tigreri- This work
Prer>CUPI-AID*>yEGFP>Tpgki-Pacs>>OsTIR1
(Figure 1, CUPI1-AID*-yEGFP + TIRI)

G6J CEN.PK113-5D derivative; ura3(1, 704).:: KIURA3> Tugreri- This work
Prepi>TRX1-AID *>yEGFP> TPGK]-PAC52>OST]RIUPI
(Figure 1, TRX1-AID*-yEGFP + TIRI)

G5W CEN.PK113-5D derivative; ura3(1, 704).:: KIURA3> Tugreri- This work
Prepi>SODI1-AID *>yEGFP> TPGK]-PACSZ>OST]RIUPI
(Figure 1, SOD1-AID*-yEGFP + TIRI)

G5X CEN.PK113-5D derivative; ura3(1, 704):: KIURA3> Tagreri- This work
Prepi>mRFP-AID *>yEGFP> TPGK]-PACSZ>OST]RIUPI
(Figure 1, SODI1-AID*-yEGFP + TIRI)

G5Vl CEN.PK113-5D derivative; ura3(1, 704):: KIURA3> Tagreri- This work
Prepi>CUPI-AID *>yEGFP> Trcki
(Figure 1, CUP1-AID*-yEGFP W/O TIRI)

GIL104 CEN.PK113-5D derivative; ura3(1, 704):: KIURA3> Tugreri- This work
Preri>yEGFP>AID*>CUPI1>Tpek1-Pacs:>OsTIR 1
(Figure 1, yEGFP-AID*-CUPI + TIRI)

G87104 CEN.PK113-5D derivative; ura3(1, 704):: KIURA3> Tugreri- This work
Preri>yEGFP>AID*>CUPI1>Tpgk1-Pacs:> SKP1>OsTIRI
(Figure 1, yEGFP-AID*-CUPI + SKPI-TIRI)

G104 CEN.PK113-5D derivative; ura3(1, 704):: KIURA3>Tiereri- This work
Prep>yEGFP>AID*>CUPI1>Trgki
(Figure 1, yEGFP-AID*-CUPI W/O TIRI)

GIL105 CEN.PK113-5D derivative; ura3(1, 704):: KIURA3>Tiereri- This work

Preri>yEGFP>AID*>CUP1>SV40NSL> Trgki-Pacs:>OsTIR1”



G8Z105

G105

G1HS

Y2A-GFP

0401R

0401RS

0l41R

0128R

0138R

LIM401
LIM141
NLD4019R
NLD401
NLD128-1
NLD138

(Figure 1, yEGFP-AID*-CUPI-NLS + TIRI)

CEN.PK113-5D derivative; ura3(1, 704):: KIURA3>Tgreri-
Preri>yEGFP>AID*>CUP1>SV40NSL>Trcki1-
Pcs:>SKPI1>OsTIRI™

(Figure 1, yEGFP-AID*-CUPI-NLS + SKPI-TIRI)

CEN.PK113-5D derivative; ura3(1, 704):: KIURA3>Tgreri-
Preri>yEGFP>AID*>CUP1>SV40NSL>Trcki

(Figure 1, yEGFP-AID*-CUPI W/O TIRI)

CEN.PK113-5D derivative, ura3(1, 704)::KIURA3-Preri-
yEGFP—TpGK1

CEN.PK113-5D derivative; ura3(1, 704)::KIURA3-Prer;-Y-
FAST-24-yEGFP-Tpck:

CEN.PK2-1C derivative;

HMG2K6R(—]52 ,—1)::HIS3-Tervi<EfmvaS<Poari—
Puar10>ACS2>Tycsr—Pgar2> EfimvaE> Tepsi—Peary

pdc5 (=31, 94)::Pcur2>ERG 12> Tnars—Prer:> ERGE> Tippi—
Tprmo<MVDI1<Pupro—Trpr154<IDII <Prer;-TRPI

ERGY(1333, 1335)::Turas- PGar7>MVDI1>Tpryo-
P6ur2>ERG 12> Tnars-Tippi<ERGE<PGari10-Pcar1>1IDI1>Trpri54-
loxP-ble-loxP

0401R derivative; ura3(1, 704):: KIURA3—Tpcki-Pacs:>SKP1I-
OsTIR1

0401R derivative;

ERG20(-32, 3)::CUPI-AID*

ura3(1, 704)::KIURA3—Tpcki-Pacs:>SKPI1-OsTIR1

0401R derivative;

HXK2(1459, 1452)::AID*CUPI

ura3 (1, 704)::KIURA3—Tpcx1-Pacs:>SKPI1-OsTIR1

0401R derivative;

ACCI(0, 0)::CUPI-AID*

ura3 (1, 704)::KIURA3—Tpck1-Pacs:>SKPI1-OsTIR1

0401RS derivative; [pJT11F] gal80::Pigreri>KanMX4> Tigrer:
0141R derivative; [pJT11F] gal80::Pgreri>KanMX4>Tygrer:
0401RS derivative; [pJTIR] gal80::Prpi>KanMX4

0401RS derivative; [pJTORFR] gal80::Prpi>KanMX4
0138R derivative; [pJTOIRFR] gal80.:Prri> KanMX4
0128R derivative; [pJTIRFR] gal80::Prp> KanMX4

This work

This work

This work

This work

This work

This work

This work

This work

This work
This work
This work
This work
This work
This work




Supplementary Table 3: List of primers and PCR fragments used in this work. Pxxx and Txxx indicate
promoter and terminator sequence of gene XXX, respectively; sequences in ifalic and red indicate
sequences complimentary to the DNA template; restriction enzyme sites used in cloning are shown in
bold; 20-mer CRISPR/Cas9 guider sequence is underlined in bold and red.

# Overlap PCR fragment Primer name Sequence (5 =2 37)
extension PCR
fragment
Trcxi-Pripi- Trek; from PPGE9PGK 1ts GATGAATTGTACAAAAGATCTTAAACT
OzTIRIP SGD AGTATTGAATTGAATTGAAATCGATAG
PPGE9PGK 1ta GTTAAATATCCGTAATCTTTAAACAGC
GGCCGCAAATAATATCCTTCTCGAAAGC
Prp; from PPGE9TPI1ps GCTTTCGAGAAGGATATTATTTGCGGC
SGD CGCTGTTTAAAGATTACGGATATTTAAC
PPGE9TPI1pa CTTCTTCTGGGAAATAGGTCATTTTGC
TAGCTTTTAGTTTATGTATGTGTITITTG
OsTIRI, PPGE9TIR1s CAAAAAACACATACATAAACTAAAAG
codon- CTAGCAAAATGACCTATTTCCCAGAAGA
optimised AG
TIRI from PPGE9TIR 1a CCTTCCCTTTGCAAATAGTCCTTTACAA
Oryza sativa AATCTTTACGAAATTTGG
Pycs from PADACS2ps GCTTTCGAGAAGGATATTATTTGCGGC
SGD CGCGATTGCAAGAATTGATCTCC
PADACS2pa CTTCTGGGAAATAGGTCATTTTGCTAG
AATTTATTATTGTATTGATTTACTTTCCTG
AID* codon-  PADUAID*s1 CAATCTAATCTAAGTTTTAATTACAAA
optimised CTCGAGAAAATGCCAAAAGACCCAGCT
minimal auxin AAACC
inducible PADUAID*a GTGAATAATTCTTCACCTTTAGAGGAT
degron from CCCATCTTAACAAAGGCAGCAGCTITCTG
14415 G
CUPI-AID* CUP] from PADUCUPIs CAATCTAATCTAAGTTTTAATTACAAA
SGD CTCGAGAAAATGTTCAGCGAATTAATTA
ACTTC
PADUCUPIla CTTGGCTGGAGGTTTAGCTGGGTCTTT
TGGTTTCCCAGAGCAGCATGACT
AID* (1) PADUAID*s CCAAAAGACCCAGCTAAACCTCCAGCCA
AG
PADUAID*a As above
SODI-AID* SODI from PADUSOD1s CAATCTAATCTAAGTTTTAATTACAAA
SGD CTCGAGAAAATGGTTCAAGCAGTCGCA
GT
PADUSODI1a CTTGGCTGGAGGTTTAGCTGGGTCTTT
TGGGITGGTTAGACCAATGACAC
AID* (1) As above
mRFP-AID* mREP PADDRFPs CAATCTAATCTAAGTTTTAATTACAAA
CTCGAGAAAATGGCTTCCTCCGAAGAC
GT
PADDRFPa CTTGGCTGGAGGTTTAGCTGGGTCTTT
TGGAGCACCGGTGGAGTGACGAC
AID* (1) As above
TRXI-AID* TRX1 PADUTRX1s CAATCTAATCTAAGTTTTAATTACAAA
CTCGAGAAAATGGTTACTCAATTCAAAA
CTG
PADUTRX1a CTTGGCTGGAGGTTTAGCTGGGTCTTT
TGGAGCATTAGCAGCAATGGCTTG
AID* (1) As above



10 AID*-CUPI

11  AID*-CUPI-
SV40ONSL

12

13

14

15

16

17

Trcxi-Pripi-
OzTIR [P
(Xhol) from
pJAID6A

SKPI from
SGD

AID* (2) from
pJAID5SVY

CUPI (1)
from SGD

AID* (2)
CUPI-
SV40NSL

Y-FAST from
a synthetic
gene fragment
with codon
optimised

T PGKI1 from
SGD

P TEF1 from
SGD

P TEF1 from
SGD

Y-FAST-24

from a

synthetic gene

fragment with

codon

optimised
Y-FAST-24

2

PPGE9PGK1ts
PPGE9TIR1al

PAIDSKPI1sl

PAIDSKPladaal

PAIDSKPIlal

PJRRCAIDs

pJRRCAIDa

pJRRCUPIs

pJRRCUP1a

As above
pJRRCUPI1s

pJRRCUPINLSa
da
pJRRCUPINLSa

GA_YFAST PJT
_Fwd
GA_YFAST PJT
_Revl
PPGPGKlts
PPGPGKlta
PPGTEF1ps2

PPGTEF1pa2

PPGTEF1ps2
PPGTEF1pa3

PPGYFASTs1

PPGYFAST2Aa

PNESYFASTs2

PNESYFASTa

As above

CCTTCCCTTTGCAAATAGTCCTCTCGA
GTTACAAAATCTTTACGAAATTTGG

CAGGAAAGTAAATCAATACAATAATA
AAAGCTAGCAAAATGGTGACTTCTAATG
TTGTC

GGTCACCAGCACCAGCACCAGCACCC
AAATCAAAGATACCACGGTCTITCAGCC
CATTCAT
TGTTCAACGACTTCTTCTGGGAAATAG
GTCATAGAAGTAAGGTCACCAGCACCA
GCACCA
GTATGGATGAATTGTACAAAAGATCTC
CAAAAGACCCAGCTAAACC
GATCTATCGATTTCAATTCAATTCAAT
ACTAGTTTACTTAACAAAGGCAGCAGCT
e
TCCTCCGGTGGTCCAGAAGCTGCTGCC
TTTGTTAAGATGTTCAGCGAATTAATTAA
CTTC
GATCTATCGATTTCAATTCAATTCAAT
ACTAGTTTATTTCCCAGAGCAGCATGAC
T

As above

AACCTTTCTTTTCTTCTTAGGTGGGGTA
CATTTCCCAGAGCAGCATGACT
GATCTATCGATTTCAATTCAATTCAAT
ACTAGTTTAAACCTTTCTTTTCTTCTTAG
GTGG
GAATTTTTGAAAATTCAATATAAAATG
GAACACGTTGCITTCGG
AAGCAAAGTATAGGGCTTTATTAAACT
CTTTTAACGAAAACCCAGTAAGAG

GGATGAATTGTACAAAAGATCTTAA
ATTGAATTGAATTGAAATCGATAG
CCCTTTGCAAATAGTCCTACTAGT
AAATAATATCCTTCTCGAAAGC
AAGGGTTGCTCGAGAAAGAGCTC
CAGAAAGCGACCACCCAAC
CAGTGAATAATTCTTCACCTTTAGA
GGATCCCATTTTGTAATTAAAACTTAGAT
TAG

As above

CAGTGAATAATTCTTCACCTTTAGA
CATTTTGTAATTAAAACTTAGATTAG
CTAATCTAAGTTTTAATTACAAAATGG
AACACGTTGCTTTCGGTTC
TGAATAATTCTTCACCTTTAGATGGAC
CTGGGTTAAGTTCAAC

CATAATAAAAAAAATAATTCTTTCAGT
GGATCCAAAATGGAACACGTTGCTTTCG
GITC
CGATTTGCTCTCAATCCGCCATGGTCA
CTATTAAACTCTTTTAACGAAAACCCAG




18  gal80Armi-
Paereri-
KIURA3-

Tugreri-

gal80Arm2

19

20

21

22

23

24

25

26

27

28  Prei-
KanMX4

gal80Arml
from SGD

Pagreri-
KIURA3-
Tygrer: from
pUG72
gal80Arm?2
from SGD

ERG20 guider

CUPI-AID*
donor
(ERG20),
amplified

from
pJAID5VY
Verification of
ERG20 locus

HXK?2 guider

AID*-CUPI
donor

(HXK2),
amplified

from
pJAIDIL104
Verification of
HXK?2 locus

ACCI guider

CUPI-AID*
donor (ACC1),
amplified
from
pJAID5VY

Verification of
ACCI locus

P TPI1 from
SGD

PGAL8Ouarms
PGALS8Ouarma
PGALSOURA3s
PGALSOURA3a
PGALS80Odarms
PGALS80darma

PCRISPRs

PAIDCRISPRER
G20

PCRISPRa

PAIDERG20AID
s

PAIDERG20AID
a

PvERG20s
PvERG20a
PCRISPRs

PAIDCRISPRHX
K2

PCRISPRa
PAIDHXK2AIDs

PAIDHXK2AIDa

PvHXK2s

PvHXK2a
PCRISPRs

PAIDCRISPRAC
Cl-1

PCRISPRa

PAIDACCI1AIDs-
1

PAIDACCI1AIDa
-1

PVACCls-1
PvACCla-1
GA_pURA3_pTP
Il F

GTAAAACGACGGCCAGTGAATTCGTTT
AAACGGCCGCCTCTGCCATG
ATCACTATCTCTTAGCATCTTTAAACAG
AGACATCGTCCG
CGGACGATGTCTCTGTTTAAAGATGCTA
AGAGATAGTGAT
CGAAGATCTCTTGTTGTAGTCCTCGAG
CTTTACAGTCCTGTCTTATTG
CAATAAGACAGGACTGTAAAGCTCGA
GGACTACAACAAGAGATCTTCG
GATTACGCCAAGCTTGCATGCGTTTAA
ACCATTGCATTITATCCTGG
TGAAAGTTGGTGCGCATGTTTCGGCGT
TCGAAACTTCTCCGCAGTGAAAGATAAA
TGATC
GCAGTGAAAGATAAATGATCAACAGG
TATTGGACTGACATGTTTTAGAGCTA
GAAATAGC
ACTTTTTCAAGTTGATAACGGACTAGC
CTTATTTTAACTTGCTATTTCTAGCTCTA
AAAC
TTAACTTTAAAAACTCAACCAACAGGT
ATTGGACTGACATATGTTCAGCGAATTA
ATTAAC
CGTTCAAGAATCTCTCTCTCCTAATTTC
TTTTTCTGAAGC
CTTAACAAAGGCAGCAGCIT
ATAGAGGAAGCAACGGCAGG

GTTCAATGAGTGGGCATACCAGTC
As above

GCAGTGAAAGATAAATGATCTTAAGC
ACCGATGATACCAAGTTTTAGAGCTA
GAAATAGC

As above

AAGAATTGCTGAAGGTAAGTCCGTTG
GTATCATCGGTGCTCCAAAAGACCCAGC
TAAACC
ACCTTCTTGTTGTTCAAACTTAATTTAC
AAATTAAGTTTATTTCCCAGAGCAGCAT
GACT

TGCTGAAGATGGTTCCGGTGC

TATCGTCACGAATAAATCCCGTG
As above

GCAGTGAAAGATAAATGATCGAATAA
GCTTTCTTCGCTCAGTTTTAGAGCTA
GAAATAGC

As above

AACAGCGCAGAAAATTAGAAAAAATC
AAGTTTCTACCATGITCAGCGAATTAATT
AACTT
TCTTCTGTGGAGAAGACTCGAATAAGC
TTTCTTCGCTCATCITAACAAAGGCAGC
AGCIT
TAATAACCGATTCGTCTTCTAGC

GAAGTTCTGTATGTCTTTCTGAG

CCAACTGCACAGAACAAAAACCATTTA
AACTGTGAGGACCTTAATAC




29

KanMX4 from
pUG6

KanMX4
pUG6

pTPIl_R
pTPIl_KANMX-
F
GA_KANR_GAL
80 R
PdGALS0s3

PdGALS80a3

CCATTTTTAGTTTATGTATGTGTTTTTTG

CTACAAAAAACACATACATAAACTAA
AAATGGGTAAGGAAAAGACTCACG
CCGAAGATCTCTTGTTGTAGTCTTAGAA
AAACTCATCGAGCATC
CAGCGTATACAATCTCGATAGTTGGTT
TCCCGTTCTTTCCAGCTGAAGCTTCGTA
CGCTG
CAATAGAAGTCTCAATTTTTGGACTGT
ATAAGGCAGTGATATAGGCCACTAGTG
GATCTG




Supplementary Table 4. Construction of the plasmids used in this work. Numbers refer to DNA
fragments listed in Supplementary Table 3.

Plasmid Construction process

pJAID6A Fragment Tpexi-Pripi-OzTIRI?" (#1) was cloned into Spel site of pILGFPE9
through Gibson assembly to generate pJAID3OR. Pcs2 (#2) was cloned into
Notl/Nhel sites of pAID3OR to replace Prpr; and generate pAID6A.

pJAID5Z Fragment AID* (#3) was cloned into Xhol/BamHI site of pJAID6A through
Gibson assembly to generate pJAID5Z

pJAID5VY Fragment CUPI-AID* (#4) was cloned into Xhol/BamHI sites of pJAID6A
through Gibson assembly to generate pJAID5Z

pJAIDSWY Fragment SODI-AID* (#5) was cloned Xhol/BamHI sites of pJAID6A through
Gibson assembly to generate pJAIDSWY

pJAID5SXY Fragment mRFP-AID* (#6) was cloned Xhol/BamHI sites of pJAID6A through
Gibson assembly to generate pJAIDSWY

pJAIDOJY Fragment TRX1-AID* (#7) was cloned Xhol/BamHI sites of pJAID6A through
Gibson assembly to generate pJAIDSJY

pJAIDI9L Fragement Trxi-Pacs>-OzTIRI% (Xhol; #8) was cloned into Spel site of
pILGFPE9 through Gibson assembly to generate pJAIDIL

pJAID8Z Fragment SKP1 (#9) was cloned Nhel site of pJAIDIL through Gibson
assembly to generate pJAID8Z

pJAIDIL104 Fragment AID*-CUPI (#10) into Spel site of pJAIDIL through Giboson
assembly to generate pJAID9L104

pJAIDI9L105 Fragment AID*-CUP1-SV40NLS (#11) into Spel site of pJAIDIL through
Giboson assembly to generate pJAID9L104

pJAID8Z104 Fragment AID*-CUPI (#10) into Spel site of pJAID8Z through Giboson
assembly to generate pJAID8Z104

pJAID8Z105 Fragment AID*-CUPI1-SV40NLS (#11) into Spel site of pJAID8Z through
Giboson assembly to generate pJAIDS8Z104

pILGFP5V1 Notl/Psil-digested pJAID5SVY was treated with mung bean nuclease and self-
ligated to generate pILGFP5V1

pILGFP104 Notl/Psil-digested pJAID9L104 was treated with mung bean nuclease and self-
ligated to generate pILGFP104

pILGFP105 Notl/Psil-digested pJAIDIL.105 was treated with mung bean nuclease and self-
ligated to generate pILGFP105

pISKP1-TIR1 Xbal/Spel-digested pJAID8Z was self-ligated to generate pISKP1-TIR1

pJT11F Fragment Y-FAST (#12) was cloned into Spel site of pJT11 through Gibson
assembly to generate pJT11F

pILGFP1D5 Fragment Tpok; (#13) was cloned into Spel site of pILGFP3 through Gibson
assembly to generate to generate pILGFP1D5

pILGFP1F5 Fragment Prer; (#14) was cloned into BamHI site of pILGFP1D5 through
Gibson assembly to generate pILGFP1F5

pILGFP1HS5 Fragment Prer; (#15) was cloned into BamHI site of pILGFP1D5 through

Gibson assembly to generate pILGFP1HS



pILGFPY2A

pJTORFR

pIR3DHS

pIR3DHSK

Fragment Y-FAST-2A (#16) was cloned into BamHI site of pILGFP1F5
through Gibson assembly to generate pILGFPY2A

Fragment Y-FAST-2A (#17) was cloned into BamHI site of pJT9R through
Gibson assembly to generate pJTOFR.

Fragment gal80Arm1-Pgreri-KIURA3-Tagreri-gal80Arm?2 (#18) was cloned into
EcoRI/Sphl sites of pUC19 through Gibson assembly to generate pIR3DHS.

Fragment Prpr- KanMX4 (#28) was cloned into Pstl/Xhol sites of pIR3DHS8
through Gibson assembly to generate pIR3DHS8K.




Supplementary Table 5. Construction of the ILHA series strains used in this work. Plasmids refer to
Supplementary Table 1. DNA fragments refer to Supplementary Table 3.

Strain Construction process

G6A Plasmid pJAID6A digested with Swal was transformed into CEN.PK113-5D to
generate strain G6A, and:

G5Z pJAIDS5Z to generate strain G5Z,

G5V pJAID5VY to generate strain G5V,

Go6J pJAID6JY to generate strain G6J,

G5W pJAID5SWY to generate strain G5W,

G5X pJAID5XY to generate strain G5X,

G5V1 pILGFP5V1 to generate strain G5V1,

GI9L104 pJAID9L104 to generate strain G9L104,

G8Z104 pJAIDSZ104 to generate strain G8Z104,

G104 pILGFP104 to generate strain G104,

GIL105 pILGFPIL105 to generate strain G9L105,

G8Z105 pJAIDSZ105 to generate strain 82105,

G105 pILGFP105 to generate strain G105,

G1H5 pILGFP1HS5 to generate strain G1HS,

Y2A-GFP pILGFPY2A to generate strain Y2A-GFP.

0401RS Plasmid pISKP1-TIR1 digested with Swal was transformed into strain 0401R to
generate strain 0401RS

0l41R Step 1: Swal-digested pML104, ERG20 guider (#19), CUPI-AID* donor
(ERG20; #20) were co-transformed into strain 0401R;

Step 2: URA3 plasmid (derived from pML104) was removed from Step 1
resulting strain;

Step 3: Plasmid pISKP1-TIR1 digested with Swal was transformed into Step 2
resulting strain to generate strain o141R.

0128R Step 1: Swal-digested pML104, HXK?2 guider (#22), AID8-CUP1 donor (HXK2;
#23) were co-transformed into strain 0401R;

Step 2: URA3 plasmid (derived from pML104) was removed from Step 1
resulting strain;

Step 3: Plasmid pISKP1-TIR1 digested with Swal was transformed into Step 2
resulting strain to generate strain o141R.

0138R Step 1: Swal-digested pML104, ACC1 guider (#25), CUP1-AID* donor (ACCI,
#26) were co-transformed into strain 0401R;

Step 2: URA3 plasmid (derived from pML104) was removed from Step 1
resulting strain;

Step 3: Plasmid pISKP1-TIR1 digested with Swal was transformed into Step 2
resulting strain to generate strain o141R.

LIM401 / Step 1: Plasmid pJT11F was transformed into 0401RS / 0141R;

LiM141 Step 2: Fragment KanMX4 (#29) was transformed into Step 1 resulting strain to
generate LIM401 / LIM141

NLD4019R / Step 1: Plasmid pJT9R / pJTORFR was transformed into 0401RS;

NLD401 Step 2: Plasmid pIR3DHS8K digested with Pmel was transformed into Step 1
resulting strain to generate NLD4019R / NLD401

NLD128/ Step 1: Plasmid pJTIRFR was transformed into 0128R;

NLD128-1 Step 2: Plasmid pIR3DHS8K digested with Pmel was transformed into Step 1
resulting strain, named NLD128, and a superior clone was selected to generate
strain NLD128-1

NLD138 Step 1: Plasmid pJTIRFR was transformed into 0138R;

Step 2: Plasmid pIR3DHSK digested with Pmel was transformed into Step 1
resulting strain to generate NLD138.




Supplementary Table 6. Viability of terpene-producing yeasts in flask cultivation (n > 3). Cells sampled
from flask cultivation were stained with 1.5 pM propidium iodide (PI) for 30 minutes at 30 °C in fresh
MES-buffered YNB-glucose medium. Dead cells can be stained with PI and live cells exclude PI stain
6. The PI fluorescence in single yeast cells was measured by a BD Accuri™ C6 flow cytometry with a
488 nm exciting laser and a FL3.A detector equipped with a 610 + 10 nm bandpass filter. Per sample,
10,000 events were analysed, and viability was calculated by excluding the PI-stained population. NAA,
1-naphthaleneacetic acid.

# Strain Cultivation condition Viability  Viability at Viability at Viability
at56h  72h (%)  96h(%)  at120h
(%) (%)

a LIM401 2 g L' glucose; NAA - 78+ 5 70 +2 -
added at 10h

b LIM141 2 gL' glucose; without - - 91+4 -
NAA

c LIM141 2 gL' glucose; NAA - 97 +2 84+5 -
added at 10h

e LIM141 2 gL' glucose; NAA - - 95+3
added at 24h

f NLD401 2 gL' glucose; without 87 +4 88+ 0 - -
NAA added

g NLD401 2 g L' glucose; NAA 93+1 91+1 - -
added at Oh

h NLDI128-1 2gL" glucose; NAA - 91+5 - -
added at Oh

i NLD401 2 g L' glucose; NAA 91 +£2 90 +2 - -
added at 24h

] NLD138 2 gL' glucose; without 89 +2 86+1 - -
NAA

k NLD138 2 gL' glucose; NAA 88+3 77+3 - -
added at 10h

1 NLD138 2 gL' glucose; NAA 88+2 85+3 - -
added at 24h

m NLD401 2 % (v/v) ethanol; NAA - - - 777
added at Oh

n NLD138 2 % (v/v) ethanol; NAA - - - 81+5

added at Oh




Supplementary Figure 1. Growth of the background strain 0401RS on YNB 20 g L' glucose agar with
or without addition of 1 mM 1-naphthaleneacetic acid (NAA). The agar plate was incubated at 30 °C
for 48 hours. Replication experiment was not performed.
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Supplementary Figure 2. Characterisation of the effects of N-terminal Y-FAST-2A tag on expression
of its C-terminal fusion partner. a Schematic of 2A peptide-mediated polycistronic expression of Y-
FAST and yEGFP or AcNESI (Actinidia chinensis trans-nerolidol synthase). b Schematic of engineered
nerolidol synthetic pathway in strain NLD4019R (expressing AcNES1) and strain NLD401 (expressing
Y-FAST-2A-AcNES]1). ¢, d, f, g Characterisation of strain NLD4019R and strain NLD401. Two-phase
flask cultivation with 20 g L™! glucose and dodecane overlay was employed. Y-FAST fluorescence was
measured in cells after incubation with 20 uM 4-hydroxy-3-methylbenzylidene rhodanine (HMBR).
Y-FAST fluorescence is expressed as percentage of exponential-phase auto-fluorescence of a reference
strain GH4. Mean values =+ standard deviations are shown (N = 3 or 4 biological independent samples).
e GFP and Y-FAST fluorescence in strains expressing yEGFP (strain G1H5) or Y-FAST-2A-yEGFP
(strain Y2A-GFP) under the control of the TEF'I promoter. Cells grown in exponential phase were used
for the fluorescence assay. Mean values + standard deviations are shown (N = 3 biological independent
samples). Source data in ¢-g are provided as a Source Data file.



. e © @

b c d
25 4 4 1024h =72h 250 —a—NLD128-1
o 5 NLD128-2
20 8 2200 —e—NLD128-3
] =31 ND128T 5 8 —=—NLD128-4
n O
515 4 g 0 5150
] = (o=
8 S 2 - 209
(@) -3
10 = £ 100
| 5] <G
5 =19 >3
. NLD128 € 50 1 W
4 o]
0 —————————— 0 0 ] ———————T—
0 20 40 60 80 NLD128 0 20 40 60 80
Time (hour) Time (hour)

e
f g h
207 4 NLD128L 471 024h m72n 250 —a— N128L
18 1 —2—NLD128H 35 0 —&—N128H
[0]
16 3 2 § 200
= - [0
14 1 o o %0
212 4 225 £ 3 150
<10 z 2 22
O g 2 % 3 100
5 1.5 <5
6 2 - > % 1
4 S 50 A
2 4 059 ]
0 M——— 0 0 +—F———
0 20 40 60 80 N128L  N128H 0 20 40 60 80
Time (hour) Time (hour)

Supplementary Figure 3. Characterisation of HXK2-AID*-CUPI nerolidol-producing strains. a
Growth of the background strain 0128R (HXK2-AID*-CUP1; GAL80 without nerolidol synthetic
module) on YNB-Glucose agar with or without addition of 1 mM 1-naphthaleneacetic acid (NAA).
The agar plate was incubated at 30 °C for 48 hours. b-d Characterisation of NLD128 (N= 4 biological
independent samples: NLD128-1, NLD128-2, NLD128-3, and NLD128-4) obtained in the first batch
of transformation. Mean values = standard deviations are shown in b and ¢ (N = 4 biological
independent samples). N =1 in d. e Examining Y-FAST fluorescence of NLD128 biological
replicates obtained in the second batch of transformation. f-h, Characterisation of NLD128 biological
replicates NLD128L (showing lower Y-FAST fluorescence in e) and NLD128H (showing higher Y-
FAST fluorescence in e) obtained in the second batch of transformation. Mean values are shown in f-g
(N = 2 biological independent samples). Source data in ¢-d, f-h are provided as a Source Data file.
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Supplementary Figure 4. Kernel density (bandwidth = 0.05) of Y-FAST fluorescence in terpene-
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producing strains in flask cultivations. The background fluorescence reference strain GH4 (a).

Limonene-producing strains LIM401 (b) and LIM141 (¢) with ImM 1-naphthaleneacetic acid (NAA)
added at 10 hour and 20 g L' glucose as the carbon source. Nerolidol producing strain NLD401 with
NAA added at 0 hour and in pre-cultures and with 20 g L™ glucose (d) or 2 % (v/v) ethanol (e) as the
carbon source. Nerolidol-producing strain NLD128-1 with 20 g L*! glucose as the carbon source and
without NAA addition (f) or with NAA added at 0 hour and in pre-cultures (g). Kernel density was
calculated using R, and drawn using Microsoft Excel. Data for one of biological replicates was shown.

Source data are provided as a Source Data file.
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Supplementary Figure 5. Analysis of hexokinase 2 (Hxk2p) abundance in strain NLD401 (HXK?2) and
NLD128 (with auxin-inducible degradation of Hxk2p) under the conditions without addition of auxin
1-Naphthaleneacetic acid (NAA; a) and with addition of NAA at 0 hour and pre-cultures (b) through
liquid chromatography mass spectrometry-based proteome assay. Yeast cells were grown through
dodecane-overlayed two-phase cultivation. Cells in the exponential growth phase (EXP) were
sampled when ODgoo was in the range between 1 to 2, and cells in the ethanol growth phase (ETH)
were sampled when ODsoo was around 10 at 36 hour. The proteomics were analysed by Metabolomics
Australia (Bioplatforms Australia) Queensland node through an S-Trap™ sample processing protocol,
Thermo Scientific LC-MS/MS equipment, and a Thermo Proteome Discoverer software for data
processing (Detailed method not shown). The samples in a and b were run in separate batches through
different LC-MS/MS equipment. Mean values are shown in a (N = 2 biological independent samples
for NLD401 and independent cultures for NLD128-1). Mean values + standard deviations in b (N =4
biological independent samples for NLD401 and independent cultures for NLD128-1). Source data
are provided as a Source Data file.



Supplementary results 1: A Y-FAST-2A tag

Because the expression level of the terpene synthase is important for production efficiency, we were
interested in directly examining the translation from the terpene synthase transcript. We employed 2A
self-cleaving peptide to enable the co-expression of Y-FAST and terpene synthase from a single
transcript. In our design Y-FAST and an Equine rhinitis B virus-1 2A peptide, formerly characterised
as the 2A peptide with the highest cleaving efficiency’, was fused to the N-terminus of the terpene
synthase, Actinidia chinensis trans-nerolidol synthase (4cNESI; Supplementary Figure 2a).

We firstly examined the effect of Y-FAST-2A fusion on the expression of its downstream gene, using
yEGFP as the reporter. We fused Y-FAST-2A to the N-terminus of yYEGFP and the TEF ] promoter was
used to control its transcription. The yEGFP fluorescence in yEGFP-expressing strain and Y-FAST-
2A-yEGFP-expressing strain were not significantly different (Supplementary Figure 2e; two-tailed
Welch’s t-test p = 0.068) indicating no difference in yEGFP expression level. Incubating with HMBR
did not change the fluorescence in yEGFP-expressing strain, as expected, whereas the fluorescence in
Y-FAST-2A-yEGFP-expressing strain increased by ~22%, compared to that under the conditions
without HMBR addition. The increased fluorescence is contributed by HMBR-binding Y-FAST.

Further, we used nerolidol-producing strains to test the effects of the Y-FAST-2A fusion at the N-
terminus of a terpene synthase. We constructed two nerolidol producing strains, strain NLD4019R
expressing nerolidol synthase gene AcNESI, and strain NLD401 expressing Y-FAST-2A-AcNESI
(Supplementary Figure 2b). In both strains, anabolic genes for nerolidol synthesis were under the
control of GAL promoters. AcNESI in NLD4019R and Y-FAST-24-AcNESI in NLD401 were under the
control of the GAL2 promoter. Unexpectedly, the two strains showed differences in growth and
nerolidol production. The AcNESI expressing strain NLD4019R showed slightly faster exponential
growth (Supplementary Figure 2d; not significant: two-tailed Welch’s t-test p = 0.13) and accumulated
more biomass (Supplementary Figure 2c¢; not significant: two-tailed Welch’s t-test p = 0.165) in the
post-exponential phase than the Y-FAST-2A-AcNES1-expressing strain NLD401. Strain NLD4019R
produced ~660 mg L' nerolidol at 72 hours (Supplementary Figure 2g). Y-FAST-2A-AcNESI-
expressing strain NLD401 produced ~1.7 g L! nerolidol in the same time (Supplementary Figure 2g),
an improvement by ~1.6 fold compared with strain NLD4019R. We postulated that fusing Y-FAST-24
to AcNESI N-terminus might improve its expression through uncharacterised mechanisms. As designed,
we examined the induction of Y-FAST over the whole cultivation (Supplementary Figure 2f). The Y-
FAST fluorescence was induced after the exponential growth phase, consistent with the regulatory

pattern from the GAL promoter in ga/80A background strain grown on glucose aerobically *.



Supplementary result 2: Variation of Hxk2p-engineered yeast

To test the effect of Hxk2p depletion on nerolidol production, we constructed the strain NLD128
expressing TIR1 and with AID*-CUP1 fused to the C-terminal of Hxk2p. Consistent with the reference
NLD401, the genes from the mevalonate pathway, farnesyl pyrophosphate synthase gene ERG20, and
Y-FAST-2A-AcNESI1 were controlled by GAL promoters in NLD128. We firstly characterised four
NLD128 clones (Supplementary Figure 2b-d). On average, ~2.4 g L! nerolidol was produced in flask
cultivation. However, a dramatic variation was observed among these four clones. The first clone,
NLD128-1, produced ~3.6 g L' nerolidol in flask cultivation with NAA added at 0 hour and in pre-
cultures, whereas other clones produced much less amount. The Y-FAST fluorescence levels in the
low-productivity clones were much lower, compared to that in NLD128-1 and induced Y-FAST
fluorescence levels in the reference strain NLD401. Further analyses are necessary to elucidate the

genetic basis responsible for this variation.

To validate the repeatability of the experiments, we re-transformed the strain 0128R to generate the
strain NLD128 (Supplementary Table 5). Seven clones were replicated on YNB-glucose agar
supplemented with HMBR. We examined the fluorescence from these seven colonies using a Safe
Imager™ 2.0 Blue Light Transilluminator. We found three out of seven clones exhibited much stronger
fluorescence than other clones (Supplementary Figure 2¢). Two high-fluorescent clones (NLD128H)
and two low-fluorescent clones (NLD128L) were characterised (Supplementary Figure 2f-h). In
NLD128H, ~3.6 g L-1 nerolidol was produced at 72 hours in flask cultivation with NAA added at 0
hour and in precultures, and in NLD128 L, ~2.5 g L' nerolidol was produced. Y-FAST fluorescence in
NLD128H were much higher than that in clones NLD128L. HXK2 modifications in NLD128H and
NLD128L was confirmed by DNA sequencing, and the sequence was as being designed. The causes of

this variation might be due to the variations in plasmid copy number or other genetic loci.



Supplementary result 3: Induction of GAL promoter in terpene-producing

strains

In terpene-producing strains, GALS80 was disrupted to enable auto-induction of GAL promoters, which
were used to regulate terpene anabolic pathways, after glucose depleted. Examining the induction of
the GAL promoter is important for understanding the transcriptional responses to altered cultivation
conditions and genetic modifications in these strains. We employed Y-FAST to examine the induction
of the GAL promoter in flask cultivation (Figure 2d, 3f, 4d, & 4h) by analysing the mean value of Y-
FAST fluorescence of populations. However, these data did not reflect the induction in individual cells.
Here, we further analysed the data to understand the GAL promoter induction in yeast populations

present in flask cultivation.

In limonene-producing strain LIM401 (without FRG20 modified) and LIM141 (with engineered
depletion of Erg20p), Y-FAST was controlled by the GAL10 promoter. In the exponential growth phase
when glucose was used as the carbon source, Y-FAST expression was repressed in both and then
induced after 24 hour (Figure 2d). However, only a proportion of yeast cells showed an induced Y-
FAST florescence, whereas as a proportion of cells did not (Supplementary Figure 3b-c). This indicated

that the GAL 10 promoter showed a binary induction pattern in these strains in flask cultivation.

In the nerolidol-producing strains, Y-FAST and nerolidol synthase were co-expressed through a 2A-
sequence-mediated bicistronic construct, Y-FAST- 24-AcNESI, under the control of the GAL2 promoter.
Similar to the GAL 10 promoter, the GAL2 promoter showed a binary induction in reference nerolidol-
producing strain NLD401, when glucose was used as the carbon source (Supplementary Figure 3d).
When ethanol was used as the carbon source, the GAL promoter is supposed to be fully derepressed.
However, a binary induction of the GAL promoter was also observed in strain NLD401 when ethanol

was used as the carbon source (Supplementary Figure 3e).

In nerolidol-producing strain NLD128 with engineered depletion of Hxk2p, the GAL promoter was
derepressed on glucose (Figure 4g) under the conditions with or without NAA added to trigger the
depletion of Hxk2p. Under the conditions without NAA addition, the GAL promoter was further induced
after glucose depletion, whereas there was still a small proportion of cells without such induced Y-
FAST levels (Supplementary Figure 3f). Under the conditions with NAA added to trigger Hxk2p
depletion, yeast cells showed a homogeneous induction of Y-FAST expression. This showed that

Hxk2p modification and depletion changed the induction pattern of the GAL promoter.



Supplementary result 4: Viability of terpene-producing strains in flask

cultivation

To test whether depleting target proteins affected the strain fitness, we employed a flow cytometry-
based propidium iodide exclusion assay to examine the viability of cells in flask cultivation
(Supplementary Table 6).

For limonene-producing strain LIM401 (without ERG20 modified) and strain LIM141 (with induced
depletion of Erg20p), the viability at 72 hour and/or 96 hour were assayed with glucose used as the
carbon source. Strain LIM141 showed the survival rates higher than that in strain LIM401

(Supplementary Table 6#a-e).

For nerolidol-producing reference strain NLD401 (without target gene modified), we examined the
influence of auxin on cell viability when glucose was used as the carbon source. Compared to the strain
free of auxin, adding auxin had minor effect on cell viability (Supplementary Table 6#f, #g, & #i). For
the nerolidol-producing strain NLD128-1 with engineered depletion of Hxk2p, the survival rate was 91%
at 72 hour (Supplementary Table 6#h), similar to that in strain NLD401 (Supplementary Table 6#g).
Similarly, the nerolidol-producing strain NLD138 with engineered depletion of Acclp did not showed

a remarkable difference on cell viability (Supplementary Table 6-#;-1).

When ethanol used as the carbon source, strain NLD401 and strain NLD138 did not show a significant

difference in cell viability (Supplementary Table 6#m-n).

These showed that in our cases, auxin-induced depletion of target proteins did not cause dramatic
change on cell viability. However, the terpene-producing strains showed a fitness problem, as shown

by a lower viability compared to farnesene-producing yeast previously reported 8.
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