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Supplementary Figure 1. Distribution of transcript levels of all
essential genes in budding yeast. The percent rank is displayed
on the y-axis (the rank of the RPKM value of each essential
gene in descending order divided by the total number of
essential genes). The transcript level based on Log,,(RPKM)
value of essential genes is shown on the x-axis. The gray dot
represents different essential genes. The essential genes used
for OMeY-dependent and transcriptional-based biocontainment
strategies are labeled in yellow and blue respectively. The
numbers in parentheses indicate the RPKM value of selected
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genes. Source data are provided as a Source Data file.
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Supplementary Figure 2. Conservation analysis of each residue of
essential proteins in budding yeast. a Conservation analysis of Cdc4 and
Cdc27 proteins. The conservation (y-axis) is represented by the
proportion of identical (gray) and substituted (red) amino acids for each
residue based on the alignment of protein homologs. The white area
denotes the proportion of missing amino acids at the corresponding
position among protein homologs. b Conservation analysis of the first 100
amino acids for all essential proteins in budding yeast. The y-axis
represents the average value of conservation for all essential proteins at
the first 100 residues.
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Supplementary Figure 3. Growth measurement to screen permissive sites in
Cdc4 and Cdc27 protein for OMeY substitution. The dilution series (by column)
of ts mutants co-expressing two plasmids encoding the LeuOmeRS/ARNA- A
pair or empty vector (pRS415) and wild-type CDC4/27 genes or variants were
grown on the corresponding media under different conditions (with and without
1mM OMeY at 20 °C and 37 °C). CDC4'* and CDC27' mutants were grown on
SC-Leu-His and SC-Leu-Ura media plates, respectively. pXF231 is the
pRS415 plasmid expressing the LeuOmMeRS/tRNA 4 pair.
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Supplementary Figure 4. Characterization of OMeY autotrophs based on NMD3
gene. a Growth measurement of OMeY-dependent auxotrophs that harbor TAG
substitution corresponding to different amino acid residues at the N-terminus of Nmd3
proteins compared with the control strain (BY4741 expressing LeuOmeRS/tRNA ) -
Cells were grown on selective medium plates with and without 1 mM OMeY at 30 °C
for 2 days. b. Fluorescence measurement of strains encoding Nmd3-GFP fusion
proteins (both wild-type and NMD3;,5;3) grown in SC—-Leu—-Ura medium containing 1
mM OMeY to evaluate amber suppression efficiency. All the data are represented as
the mean and standard deviation (n=3 for panel b, n=8 for panel c). Source data are
provided as a Source Data file.



Supplementary Figure 5. Phenotypic assays of mutants with UPF1 and
UPF2 deletion in comparison with the parental strain (CDC4,40). Ten-fold
serial dilutions of yeast cells were plated on SC-Leu media plates with and
without 1 mM OMeY at 30 °C.
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Supplementary Figure 6. Design of CRISPR-Cas9 system for reducing escape frequencies. a All
tRNAD" genes in budding yeast have two types of sequences; the intron sequences differ. SpCas9-
NG identified 5-AGA-3° PAM that is only located at amber suppressor tRNAY. PAM and gRNA
target sequences are colored in red and green respectively. The tRNAD exon is shown in the blue
region. b. Cloverleaf structures of yeast wild-type tRNA™,, and amber suppressor tRNAVY 4.
The sequences of wild-type and amber suppressor tRNAW" differ at nucleotide 34. The colored
nucleotides represent anticodons. Open circles denote non-Watson-Crick base pairs and lines
denote base pairs. ¢ Schematic of CRISPR-Cas9 system components on plasmid. A tRNACY
(yellow) is introduced between the gRNA1-gRNAZ2 array (green) to generate functional gRNAs for
editing. The tRNAD" gene serving as the donor DNA for the homology-directed repair is labeled in
light blue d Schematic of the amber suppressor tRNAM" targeted for leftover scar interrupts with
CRISPR-Cas9 system shown. The yellow triangle indicates corresponding insertion site, and
deletions sequence is represented by the location and length of the dark line.



a b 1072
4 10-3
—~ >3 A =
N Y— -
s 3. so 10
= L e, . _eeyte. — el - . 55 -
= g2 107
g 2 o 3
= oo -6
g T © 10
g | @z I
- ()
~ 1077
0 : : 1078
\ \ fb 1 1
(;\ 4 QG-’ N (N D
& \5& N Q(’\ & °
N v N & =) &
& & & > » M
Q &£ L Q

Supplementary Figure 7. Doubling time and escape frequency measurement
of the transcriptional-based safeguard strains. a Doubling time of all three
strains was measured compared with parental strain (BY4741 express
LeuOmeRS/tRNA,) in SC-Leu medium containing 2% (wt/vol) galactose,
and the parental strain doubling times showed by the blue dashed horizontal
lines. All the data are represented as the mean + SD (standard deviation) from
six biological replicates. b Escape frequencies of different transcriptional-
based safeguard strains on the day 8. All the data are represented as the
mean +SEM (standard error of the mean) from three biological replicates.
Source data are provided as a Source Data file.
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Supplementary Figure 8. Pie charts showing the percentage of TAG
substitution corresponding to individual amino acid residues at the N-terminus
(from residue 4 to 20) of CDC4 and CDC27. a. Total 124 colonies were
selected for sanger sequencing of the CDC4 N-terminus. The proportion of
TAG codon substitution for each residue is indicated and TAG substitution for
residue E8, L11, P10, and P17 was not found. b. Total 146 colonies were
selected for sanger sequencing of the CDC27 N-terminus. TAG substitution
was detected for all tested residues and the proportion of TAG codon
substitution for each residue is indicated. Source data are provided as a
Source Data file.
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Supplementary Figure 9. Doubling time comparison of different Cdc27-based
two-layered safeguard strains grown in small and large scale. Strains were
grown in 0.2 mL (blue bars) and 80 mL (red bars) SC-Leu medium containing
1 mM OMeY and 2% (wt/vol) galactose respectively. Fold change of doubling
time is shown relative to the growth of pGAL1-RPS3 control strain that contain
the URA3 marker integrated upstream of the WT CDC27 gene (represented by
the blue dashed horizontal line). The x-axis shows different residues of Cdc27
that are replaced by OMeY. The error bars show the mean and standard
deviation of three biological replicates. Source data are provided as a Source
Data file.
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Supplementary Figure 10. The growth curve of multiplex safeguard strains
(CDC45c9-RPS3 and CDC27:,55-RPS3) growing in SC—Leu medium broth
containing 2% (wt/vol) galactose and supplemented with different
concentration of OMeY (2, 1, 0.5, 0.2, 0.1 and 0.05 mM). Optical densities
(ODgy) Were measured at every 20 minutes. All the data are represented as
the mean + SD (standard deviation) from three biological replicates. Source
data are provided as a Source Data file.
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Supplementary Figure 11. Escape frequencies of the OMeY-dependent
auxotroph (CDC27:,55) and the two-layered safeguard strain (CDC27;xqs-
RPS3) in the presence of 5 mM leucine or 2.6 mM tyrosine. Escape
frequencies were measured at day 2, 4 and 12 indicated as red square, blue
circle and yellow triangle respectively. The assay limit is determined by 1/(total
CFU plated) with the assay limit of 1.3 x 10° escapees per CFU (see source
data for details) and the black line represents undetectable growth. Error bars
show the mean + SEM of six samples including three biological replicates that
was conducted in duplicate. Source data are provided as a Source Data file.



Supplementary Tables

Table S1. The reasons of escaper were analyzed by WGS.

mechanisms Stran (parental) ___ESCer Gene Mutation

gﬂe”ntsg%':) d(;’r: TAG 10 5CaTAcazs yXF260 cDC4 OMeY3250
CDCA4racGa2s yXF258 SUP7(tRNA™ cua) G34>C in anticodon
CDC41aG325 yXF259 tRNALUcan? A35>U in anticodon
CDC41aG325 yXF261 SUPS8(tRNA™Y Gua) G34>C in anticodon
CDC271acs yXF262 SUP54(tRNAeUcaa) A35>U in anticodon
CDC271acs yXF263 tRNALeUcARP A35>U in anticodon
CDC277acs yXF264 SUP3(tRNA Gun) G34>C in anticodon

Occurrence of CDC277ac520 yXF267 SUP7(tRNA™'GuA) G34>C in anticodon

amber suppressor ) _

tRNA CDC277ac520 yXF268 SUP4(tRNA™Y gua) G34>C in anticodon
CDC277acs20 yXF269 SUP8(tRNA™ Gua) G34>C in anticodon
CDC277acs20 yXF270 SUP3(tRNA™ Gua) G34>C in anticodon
CDC277aG520 yXF271 SUP8(tRNA™ Gua) G34>C in anticodon
CDC277aG520 yXF272 SUP4(tRNA™ Gua) G34>C in anticodon
CDC271aG451 yXF265 tRNAT™PccaC C35>U in anticodon
CDC271aca51 yXF266 tRNAT™Pccad C35>U in anticodon

_ _ CDC47aco yXF255 NAM7 2670delC (frameshift)

S;L‘\‘Af’;';” of NMD CDCéracs yXF256 NMD2 828delC (frameshift)

CDCA4racy yXF257 NAM7 Y79 (TAA mutation)

tRNA systematic name: 2YNCL0034W; °YNCGO0040C; °YNCM0022C; “YNCG0042C.



Table S2. The leftover scar interrupts analysis based on CRISPR-Cas9 system.

OMeY-dependent

Escaper strain (parental) Causative interrupts The leftover scar interrupts location
yXF273 yXF286 SUP5 amber suppressor Insertion of 1-bp T at base pair 43
yXF274 yXF286 SUP3 amber suppressor 8-bp deletion between 41 and 48bp
yXF275 yXF286 SUP5 amber suppressor 12-bp deletion between 36 and 47bp
yXF276 yXF237 SUP8 amber suppressor 10-bp deletion between 40 and 49bp
yXF277 yXF237 SUP4 amber suppressor 8-bp deletion between 40 and 47bp
yXF278 yXF237 SUP8 amber suppressor 3-bp deletion between 40 and 42bp
yXF279 yXF237 SUP5 amber suppressor Insertion of 1-bp T at base pair 43
yXF280 yXF237 SUP4 amber suppressor Insertion of 1-bp A at base pair 40




Table S3. List of plasmids used in this study.

plasmid Description rSe(;zrrgﬁcoer
pXF231 LEU2, pRS315 carrying LeuOmeRS/tRNAcua 1

pXF473 URAS3, pRS416 carrying CDC27 This study
pXF474 URAS3, pRS416 carrying CDC271aG2 This study
pXF475 URAS3, pRS416 carrying CDC271acs This study
pXF476 URAS3, pRS416 carrying CDC271aG7 This study
pXF478 URAS3, pRS416 carrying CDC2771ac15 This study
pXF480 URAS3, pRS416 carrying CDC271ac4s51 This study
pXF482 URAS3, pRS416 carrying CDC271acs20 This study
pXF484 HIS3, pRS413 carrying CDC4 This study
pXF485 HIS3, pRS413 carrying CDC4tac270 This study
pXF486 HIS3, pRS413 carrying CDC4tac32s This study
pXF487 HIS3, pRS413 carrying CDC41ac327 This study
pXF488 HIS3, pRS413 carrying CDC4tac34s This study
pXF489 HIS3, pRS413 carrying CDC4tacs70 This study
pXF495 URAZ3, pRS416 carrying NMD3 This study
pXF496 URAZ3, pRS416 carrying NMD3rac3 This study
pXF497 URAZ3, pRS416 carrying NMD3rac364 This study
DXF469 ;Liﬁ&z??ss,\,iis_ssggmg PcaL1-SpCas9-NG-TapH1,Psnrs2-gRNAL-SUF17- This study
pXF500 HIS3, pRS423 carrying PcaLi- SpCas9-NG This study
pXF509 HIS3, pRS313 carrying LeuOmeRS/tRNAcua This study




Table S4. List of primers used in this study.

Primer Pair Primer Sequence (5°-3’)2 Description; construct generated

CDC27%-F 5'- Site-directed mutagenesis G613 of
CAAGACATGCTATAGAAAGGCGCTAGCTTGTG  Cdc27 to D; yXF243

CDC27%-R ATCCTCAGCATTACAATGCATATTACGacttgggt

CDC27%-KanMX-F

CDC27%-KanMX-R

CDC27-F
CDC27-R

CDC4-F
CDC4-R

NMD3-F
NMD3-R

CDC27-A2-F

CDC27-A2-R

CDC27-P5-F

CDC27-P5-R

CDC27-L7-F

CDC27-L7-R

CDC27-G15-F

CDC27-G15-R

CDC27-N451-F

CDC27-N451-R

CDC27-H520-F

CDC27-H520-R

CDC27-URA3-F
CDC27-URA3-R

acgagcgctatgaaattaggtc -3'

5'-
CGTCAAGACTGTCAAGGAGGGTATTCTGGGC
CTCCATGTCatcgcaggaaccgcagacatgatg -3'

5'- gacatggaggcccagaataccctc -3'

5.

AAATAAAAAGTTTACGAATTAATACAATCAAAT
TAGACACTGATACTATCAAGAAGTACcagtatage
gaccagcattcacatacgattg -3'

5'- gttggtcccatttggtacgtcttg -3'

5'- atcgcaggaaccgcagacatg -3'

5'- gcacttgaggaggattacttttactttgagcc -3'

5'- cctictcaactaaaaacttgtactttccatattttcaggg -3'

5'- gaagtatgtttctatataacgggtgagaaaatcgc -3

5'- gcggaagtttaaaaatcttgcgtaagagctc -3

5'-
cgaacttttcgtgcaggatacataataaaaatagcatgtaggtaaat
cctgagttagcaccgttcaccctctc -3'

5'-
gagagggtgaacggtgctaactcaggatttacctacatgctatttttat
tatgtatcctgcacgaaaagttc -3'

5'-
gtgcaggatacataataaaaatagcatggcggtaaattaggagtta
gcaccgttcaccctctcgagag -3'

5'-
ctctcgagagggtgaacggtgctaactcctaatttaccgccatgcta
tttttattatgtatcctgcac -3'

5'-
ggatacataataaaaatagcatggcggtaaatcctgagtaggcac
cgttcaccctctcgag -3'

5'-
ctcgagagggtgaacggtgcctactcaggatttaccgccatgctatt
tttattatgtatcctgce -3'

5.
gagttagcaccgttcaccctctcgagatagatccccagctttgatgat
caagctttgagc -3'

5.
gctcaaagcttgatcatcaaagctggggatctatctcgagagggtg
aacggtgctaactc -3'

5'-
taatttcgctttaatattaaggtcgtcatcacaatactagtcgtticaagg
caataagactgttcgag -3'

5.
ctagtattgtgatgacgaccttaatattaaagcgaaattatacatg -
3

5'-
tctactttgctgtggcatttgtaggacaaggttaaatcttcaaatttgge
aaatgg -3'

5.
aagatttaaccttgtcctacaaatgccacagcaaagtagaaaaaat
ttccatatc -3'

5'- gagagtgcaccataccacagcttttc -3'

AAATAAAAAGTTTACGAATTAATACAATCAAAT

The KanMX cassette with
homologous arm amplification
primer;yXF243

CDC27 amplification primer;pXF473
and yXF216

CDC4 amplification primer;pXF484
and yXF217

NMD3 amplification primer;pXF495

Site-directed mutagenesis A2 of
Cdc27 to TAG;pXF474

Site-directed mutagenesis P5 of
Cdc27 to TAG;pXF475 and yXF218

Site-directed mutagenesis L7 of
Cdc27 to TAG;pXF476

Site-directed mutagenesis G15 of
Cdc27 to TAG;pXF478 and yXF219

Site-directed mutagenesis N451 of
Cdc27 to TAG;pXF480 and yXF220

Site-directed mutagenesis H520 of
Cdc27 to TAG;pXF482 and yXF221

The URA3 cassette with homologous
arm about CDC27 amplification
primer;yXF218,yXF219, yXF220 and
yXF221




CDC27-BleoR-F
CDC27-BleoR-R

CDCA4-F9-F
CDC4-F9-R

CDC4-L270-F

CDC4-L270-R

CDC4-F325-F

CDC4-F325-R

CDC4-5327-F

CDC4-S327-R

CDC4-L345-F

CDC4-L345-R

CDC4-F370-F

CDC4-F370-R

CDC4-URA3-F
CDC4-URA3-R

NMD3-F3-F

NMD3-F3-R

NMD3-F364-F

NMD3-F364-R

ALG1-F250-F

ALG1-F250-R

TAGACACTGATACTATCAAGAAGTACcggtattttct
ccttacgcatctgtgc -3'

5'- gacatggaggcccagaataccctc -3'

5'-
TAATACAATCAAATTAGACACTGATACTATCAA
GAAGTACccggtagaggtgtggtcaataagagc -3'

5'- tgagtagccattacgtgatatccctgttccttatagctac

5.
gtagctataaggaacagggatatcacgtaatggctactcagctaa
gggaaacgaccccatc -3'

5'-
actttaatcaaggataattagaagagggacctaataacgtctttgcct
tttg -3'

5.
acgttattaggtccctcttctaattatccttgattaaagtccccaagtcg
gatagttc -3'

5'-
ctgatatcggaaaattaggtgagcccaaagggttttaattctctcaat
c-3

5'-
aattaaaaccctttgggctcacctaattttccgatatcagaagttttttc
cacaacgatgtag -3'

5'-

cttctgatatcggaaaattttgtgtag ccaaagggttttaattctctcaa
tctcaaactctcc -3'

5'- ttggctacacaaaattttccgatatcagaagttttttccacaacg -
3

5'-
aatacccaaaatagtcacaacaagatcgccttagattatctttictgg
-3

5'-
gataatctaaggcgatcttgttgtgactattttgggtatttitgggagagt
ttgagattgag -3'

5'-
cattttaaaaaattggtacaatcccaagtaggtaccacaaaggacc
acgttaagaggc -3'

5.

ttgtggtacctacttgggattgtaccaattttttaaaatgaatatattctc
c-3'

5'- gagagtgcaccataccacagcttttc -3'

5'-

CTTTTATATTTTTTTAGATCATTTTCAAAACTTT
CTTAAACcggtattttctccttacgcatctgtge -3'

5.
aatttgacaaaaggatggaatagacacctatagatccgcaccagc
-3

5'-
tgcggatctataggtgtctattccatccttttgtcaaattcctcaacy -
3

5.
atctcggtggtatttgctaggcaggtgatagtgttatgggttatttcattg
c-3'

5.
cccataacactatcacctgcctagcaaataccaccgagatgagac
ctg -3'

5.
tagataaagaattatattcgcgatgattttgatacagaaaaaggc -
3

5.
tttctgtatcaaaatcatcgcgaatataattctttatctaggctttggtag
ttagggctttttgacg -3'

The BleoR cassette with homologous

arm about CDC27 amplification
primer;yXF230

Site-directed mutagenesis F9 of Cdc4

to TAG;yXF222
Site-directed mutagenesis L270 of

Cdc4 to TAG;pXF485

Site-directed mutagenesis F325 of
Cdc4 to TAG;pXF486 and yXF223

Site-directed mutagenesis S327 of
Cdc4 to TAG;pXF487 and yXF224

Site-directed mutagenesis L345 of
Cdc4 to TAG;pXF488 and yXF225

Site-directed mutagenesis F370 of
Cdc4 to TAG;pXF489

The URA3 cassette with homologous

arm about CDC4 amplification

primer;yXF222, yXF223, yXF224 and

yXF225
Site-directed mutagenesis F3 of
Nmd3 to TAG;pXF496

Site-directed mutagenesis F364 of
Nmd3 to TAG;pXF497

Site-directed mutagenesis F250 of
Alg to TAG;yXF226




ALG1-URAS-F
ALG1-URA3-R

ERGS8-Y401-F

ERG8-Y401-R
ERG8-URAS-F
ERG8-URAS3-R

RPN8-K7-F
RPN8-K7-R
RPN8-URA3-F

RPN8-URA3-R

GDI1-T5-F
GDI1-T5-R

GDI1-URA3-F
GDI1-URA3-R

Pgall-RPC11-F

Pgall-RPC11-R

RPC11-KanMX-F

RPC11-KanMX-R

Pgall-SKP1-F

Pgall-SKP1-R

SKP1-KanMX-F

SKP1-KanMX-R

Pgall-RPS3-F

Pgall-RPS3-R

5'- gagagtgcaccataccacagcttttc -3'
GCGCCATCTTCTAACGCCGGCTATGATAACAT
TTTAGGAAcggtattttctccttacgceatctgtge -3'

5'-
aggagttcttacttgcttaatacctggtgctggtggttaggacgccatt
gcagtgattactaagc -3'

5'- ctaaccaccagcaccaggtattaagcaag -3'

5'- gagagtgcaccataccacagcttttc -3'
TAAATGACATAAAGTTATATATCTAGAAAGTTT
ATTTATCcggtattttctccttacgcatctgtgce -3

5'-
caaattacaatgtctctacaacacgagtaggttaccattgcaccact
agttttgctatc -3'

5'- caatggtaacctactcgtgttgtagagacattgtaatttgattttcc
-3'

5'- gagagtgcaccataccacagcttttc -3'
ACGAGAATAGAGGCGATATTATGCATTTATATT
TGAAAT Tcggtattttctccttacgcatctgtge -3'

5'- tagatagacactgactacgacgtgattgtc -3'

5'-
cggtacctaagacaatcacgtcgtagtcagtgtctatctattcttgatc
cattgtgttatgctatataagtgg -3'

5'- gagagtgcaccataccacagcttttc -3'

5'-

TTATGAATCAATCAGAATACGCATATAACAAAA
AAAAAAAcggtattttctccttacgceatctgtge -3'

5'-
Y3GAATGCTGGTCGCTATACTGggatggacgcaaa
gaagtttaataatcatattac -3'

5'-
TCAGTAGCATATTGTTACACGAAGGACAAAAC
GAAAGCATtatagttttttctccttgacgttaaagtatagagg -3'
5'-
TTTTGTGTTGCTCATGTCATAGCATTCAACTAC
AGATGAAgacatggaggcccagaataccctc -3'

5.
AAACTTCTTTGCGTCCATCCcagtatagcgaccagca
ttcacatacgattg -3'

5'-
GAATGCTGGTCGCTATACTGggatggacgcaaagaa
gtttaataatcatattac -3'

5.
GTGAATCGTTCACCCTCACCACTCACTAGGAC
AACATTAGAAGTCACCATtatagttttttctccttgacgttaa
agtatagagg -3'

5'-
GACATTACCCTGCAGCGATTTAACGGGCGTCT
TGGAGAAAAGAAGAGAAAgacatggaggcccagaata
ccctc -3'

5.
AAACTTCTTTGCGTCCATCCcagtatagcgaccagca
ttcacatacgattg -3'

5.
GAATGCTGGTCGCTATACTGggatggacgcaaagaa
gtttaataatcatattac -3'

5.
TTCAGCGTAGAAGACACCGTCAGCGACTAGCT
TTCTTTTCTTAGAGATTAAAGCGACCATtatagttttt
tctccttgacgttaaagtatagagg -3'

The URA3 cassette with homologous
arm about ALG1 amplification
primer;yXF226

Site-directed mutagenesis Y401 of
Erg8 to TAG;yXF227

The URA3 cassette with homologous
arm about ERG8 amplification
primer;yXF227

Site-directed mutagenesis K7 of Rpn8
to TAG;yXF228

The URA3 cassette with homologous
arm about RPN8 amplification
primer;yXF228

Site-directed mutagenesis T5 of Gdil
to TAG;yXF229

The URA3 cassette with homologous
arm about GDI1 amplification
primer;yXF229

The Pgai1 cassette with homologous
arm about RPC11 amplification
primer;yXF239

The KanMX cassette with
homologous arm about RPC11
amplification primer;yXF239

The Pgai1 cassette with homologous
arm about SKP1 amplification
primer;yXF240

The KanMX cassette with
homologous arm about SKP1
amplification primer;yXF240

The Pgai1 cassette with homologous
arm about RPS3 amplification
primer;yXF241




RPS3-KanMX-F

RPS3-KanMX-R
Pcpc27-URA3-F
Pcpc27-URAS3-R

Pcpca-URAS-F
Pcocs-URA3-R

SpCas9-NG-F

SpCas9-NG-R
YPLO62W-HIS-F

YPLO62W-HoR-R
KanMX-F
KanMX-R
Pnmvpz-URAS-F
Pnmvp3-URA3-R

NMD3-GFP-F

GFP-KanMX-R

GFP-KanMX-F

KanMX-NMD3-R

pXF231-HIS-F
pXF231-HIS-R

pXF231-HIS-R

pXF231-HIS-F

5.
GTAAATTCTCTTGTTTTTTTTTCTTGATTTCACT
TCTTTTCATGTTCCTTTGGAATAATCgacatggag
gcccagaataccctc -3'

5'-
AAACTTCTTTGCGTCCATCCcagtatagcgaccagca
ttcacatacgattg -3'

5'- CTCGCCAAAAGCCATCTTCGTAC -3'

5'- CTTGATTTATCGAGAATGGAGCATTCAGC -
3

5'- CCACTGAGAGCTGTTCGTAGATAAATC -3'
5'- CTTCTGTCTCAACTGTCTTAGCC -3'

5'- ggattataaagatgacgatgacaaacctcc -3'

5'- gctatacctgagaaagcaacctgacctac -3'

5.
cacatacgacactgcccctcacgtaagggcCACACCGCAT
AGATCCGTCGAGTTC -3'

5'- ggttcagcagtgtcaaagtg -3'
5'-cggtttggttgatgcgagtg -3'
5'-cgattccgactcgtccaaca -3'

5'- AAGAGGGAATCGCTGATGGC -3

5'- TCACAGTTTCTGCAAAATGAAATGTTCG -3'

5'-
ATCTCAGCAGggatccgcetggctcegetgetggttctggega
agcatccaagggcgaggagc -3'

5'- ATCTCGAGCTATTATTAGTGgtggtggtg -3'

5'-

CACTAATAATAGCTCGAGAT tcttaacaaacactagc
atttcagtttatc -3'

5'-
TCTTGCGTAAGAGCTCTACAAATGAAAAATCTT
GCTTGCCTATCTAGTTTTgacatggaggcccagaatac
cc -3

5'- ggagaaaataccgcatcaggaaattgtaaa -3'

5'- agtacaatctgctctgatgccgcatagtta -3'

5.
GTTTACAATTTCCTGATGCGGTATTTTCTCCgc
attagtcagggaagtcataacacagtcc -3'

5.

TAACTATGCGGCATCAGAGCAGATTGTACTcac
accgcatagatccgtcgagttc -3'

The KanMX cassette with
homologous arm about RPS3
amplification primer;yXF241

The URA3 cassette with homologous
arm about CDC27 amplification
primer;yXF303~319

The URA3 cassette with homologous
arm about CDC4 amplification
primer;yXF290~302

SpCas9-NG amplification primer;
pXF469 and pXF500

Primers amplificate the tGeS
cassette;yXF281 and yXF282

Primer for specific gene KanMX

The URA3 cassette with homologous
arm about NMD3 amplification
primer;yXF321-325

The GFP cassette with homologous
arm about NMD3 and KanMX
amplification primer;yXF454 and
yXF455

The KanMX cassette with
homologous arm about GFP and
NMD3 amplification primer; yXF454
and yXF455

The pXF231 amplification primer via
inverse PCR; pXF509

Primer to amplify HIS3 cassette with
homologous arm on pXF231; pXF509

@ Bolded are the locations for site-directed mutagenesis, while uppercase letters indicate oligonucleotide sequences
added to the primers to facilitate cloning.



Table Sb5. List of strains used in this study.

Strain Description ?e()fg:gﬁco(;

Strains:

S. cerevisiae
yXF215 MATa ura3A0 leu2A0 his3A1 met15A0 [pXF231] This study
yXF216 yXF215 Acdc27::CDC27-URA3 This study
yXF218 yXF215 Acdc27::CDC277acs-URA This study
yXF219 yXF215 Acdc27::CDC271ac15-URA This study
yXF220 yXF215 Acdc27::CDC271ac4s1-URA This study
yXF221 yXF215 Acdc27::CDC271acs20-URA This study
yXF217 yXF215 Acdc4::CDC4-URA3 This study
yXF222 yXF215 Acdc4::CDC4race-URA3 This study
yXF223 yXF215 Acdc4::CDC4tacszs-URA3 This study
yXF224 yXF215 Acdc4::CDC4tac327-URA3 This study
yXF225 yXF215 Acdc4::CDC4tacass-URA3 This study
yXF230 yXF215 Acdc27::CDC27acs20-BleoR Acdc4::CDC4racs This study
yXF226 yXF215 Aalgl::ALG1ltac2s0-URA3 This study
yXF227 yXF215 Aerg8::ERG8tac401-URA3 This study
yXF228 yXF215 Arpn8::RPN81ac7-URA3 This study
yXF229 yXF215 Agdil::GDIlltacs-URA3 This study
yXF237 yXF223 [pXF469] This study
yXF238 yXF223 [pRS423] This study
yXF285 yXF223 [pXF500] This study
yXF286 yXF221 [pXF469] This study
yXF320 yXF221 [pRS423] This study
yXF321 yXF221 [pXF500] This study
yXF239 yXF215 APrpc11-RPC11::KanMX-PgaL1-RPC11 This study
yXF240 yXF215 APskp1-SKP1::KanMX-PcaL1-SKP1 This study
yXF241 yXF215 APrps3-RPS3::KanMX-PcaL1-RPS3 This study
yXF251 yXF241 Acdc4::CDC4race-URA3 This study
yXF252 yXF241 Acdc4::CDC4racs2s-URA3 This study
yXF253 yXF241 Acdc27::CDC277acs-URA This study
yXF254 yXF241Acdc27::CDC271ac520-URA This study
yXF290 yXF241 Acdc4::URA3-CDCA4taca This study
yXF291 yXF241 Acdc4::URA3-CDCA4tacs This study
yXF292 yXF241 Acdc4::URA3-CDCA4tace This study
yXF293 yXF241 Acdc4::URA3-CDCA4tac? This study
yXF294 yXF241 Acdc4::URA3-CDCA4tacs This study
yXF295 yXF241 Acdc4::URA3-CDCA4tac12 This study
yXF296 yXF241 Acdc4::URA3-CDC4tac13 This study
yXF297 yXF241 Acdc4::URA3-CDC4rac1a This study
yXF298 yXF241 Acdc4::URA3-CDC4tac1s This study
yXF299 yXF241 Acdc4::URA3-CDC4tac16 This study
yXF300 yXF241 Acdc4::URA3-CDC4rac1s This study



yXF301
yXF302
yXF303
yXF304
yXF305
yXF306
yXF307
yXF308
yXF309
yXF310
yXF311
yXF312
yXF313
yXF314
yXF315
yXF316
yXF317
yXF318
yXF319
yXF243

YFLOO9W's

yXF289
yXF244
yXF287
yXF288
yXF281
yXF282
yXF448
yXF449
yXF450
yXF451
yXF452
yXF453
yXF454
yXF455

yXF456
yXF457
E. coli

DH5a

yXF241 Acdc4::URA3-CDC4tac19
yXF241 Acdc4::URA3-CDC4tac20

yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
yXF241 Acdc27::
BY4741 Acdc27:

MATa his3A1 leu2A0 ura3A0 LYS2 MET5 can1A::LEU2-MFA1pr-HIS3

URA3-CDC271aG4
URA3-CDC271acs
URA3-CDC271acs
URA3-CDC277aG7
URA3-CDC277aGs
URA3-CDC277aGy
URA3-CDC277aG10
URA3-CDC277ac11
URA3-CDC2771aG12
URA3-CDC277aG13
URA3-CDC2771aG14
URA3-CDC277aG15
URA3-CDC277aG16
URA3-CDC277aG17
URA3-CDC271ac18
URA3-CDC271aG19
URA3-CDC271aG20
:CDC276813D-KanMX

Acdc4::CDC45-URA3

YFLOO9WS® leu2-
BY4741 Anmd3::

his3::BleoR
NMD3s-KanMX

yXF222 Aupfl::KanMX
yXF222 Aupf2::KanMX
yXF307 YPLO62W::tGeS-HIS3
yXF215 YPLO62W::tGeS-HIS3

yXF215 Anmd3::
yXF215 Anmd3::
yXF215 Anmd3::
yXF215 Anmd3::
yXF215 Anmd3::
yXF215 Anmd3::
yXF448 Anmd3::

URA3-NMD3
URA3-NMD3tac4
URA3-NMD3tacs
URA3-NMD3rac10
URA3-NMD3taG11
URA3-NMD3taG13
NMD3~GFP-KanMX

yXF453 Anmd3rtac13::NMD3tac13~GFP-KanMX

MATa his3A1 leu2A0 met15A0 ura3A0 Acdc27::CDC271acs-URA3

[PXF509]

MATa his3A1 leu2A0 met15A0 ura3A0 Acdc27::CDC271acs-URA3
APrpc11-RPC11::KanMX-PgaL1-RPC11 [pXF509]

F- 80dlacZ M15 (lacZYA-argF) U169 recAl endAlhsdR17(rk-, mk+)

phoAsupE44 -thi-1 gyrA96 relAl

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

Junbiao Dai's lab

This study
2

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study

This study

Vazyme
Cat number:
C504-02




Sequence of customized plasmid used in this study

pXF231:TDH3promoter, LeuOmeRS, CYC1 terminator, (RNASIEE, SNRSZISiomotet

Note:The backbone is pRS315.

tcgcgcegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtetgtaagecggatgccgggagcagacaageccgtcagg
gcgcegtcagegggtgttggegggtgtcggggetggcttaactatgcggcatcagagcagattgtactgagagtgcaccatatcgactacgtcgtaaggcecgtttctgac
agagtaaaattcttgagggaactttcaccattatgggaaatggttcaagaaggtattgacttaaactccatcaaatggtcaggtcatigagtgttttttatttgttgtatttttttttt
tttagagaaaatcctccaatatcaaattaggaatcgtagtttcatgattttctgttacacctaactttttgtgtggtgccctectccttgtcaatattaatgttaaagtgcaattctttt
tccttatcacgttgagccattagtatcaatttgcttacctgtattcctttactatcctecttttictccttcttgataaatgtatgtagattgegtatatagtttcgtctaccctatgaaca
tattccattttgtaatttcgtgtcgtttctattatgaatttcatttataaagtttatgtacaaatatcataaaaaaagagaatctttttaagcaaggattttcttaacttcttcggcgac
agcatcaccgacttcggtggtactgttggaaccacctaaatcaccagttctgatacctgcatccaaaacctttttaactgcatcttcaatggcecttaccttcttcaggcaagt
tcaatgacaatttcaacatcattgcagcagacaagatagtggcgatagggtcaaccttattctttggcaaatctggagcagaaccgtggcatggttcgtacaaaccaa
atgcggtgttettgtctggcaaagaggccaaggacgcagatggcaacaaacccaaggaacctgggataacggaggcttcatcggagatgatatcaccaaacatgt
tgctggtgattataataccatttaggtgggttgggttcttaactaggatcatggcggcagaatcaatcaattgatgttgaaccttcaatgtagggaattcgttcttgatggtttc
ctccacagtttttctccataatcttgaagaggccaaaacattagctttatccaaggaccaaataggcaatggtggctcatgtigtagggccatgaaageggccattcttgt
gattctttgcacttctggaacggtgtattgttcactatcccaagcgacaccatcaccatcegtcttectttctcttaccaaagtaaatacctcccactaattctctgacaacaac
gaagtcagtacctttagcaaattgtggcttgatiggagataagtctaaaagagagtcggatgcaaagttacatggtcttaagtiggcgtacaattgaagttctttacggatt
tttagtaaaccttgttcaggtctaacactaccggtaccccatttaggaccacccacagcacctaacaaaacggcatcaaccttcttggaggcttccagegectcatetgg
aagtgggacacctgtagcatcgatagcagcaccaccaattaaatgattttcgaaatcgaacttgacattggaacgaacatcagaaatagctttaagaaccttaatgge
ttcggctgtgatttctigaccaacgtggtcacctggcaaaacgacgatcttcttaggggcagacataggggcagacattagaatggtatatccttgaaatatatatatatat
tgctgaaatgtaaaaggtaagaaaagttagaaagtaagacgattgctaaccacctattggaaaaaacaataggtccttaaataatattgtcaacttcaagtattgtgat
gcaagcatttagtcatgaacgcttctctattctatatgaaaagccggttccggcectctcacctttcctttttctcccaatttttcagtigaaaaaggtatatgcgtcaggegacct
ctgaaattaacaaaaaatttccagtcatcgaatttgattctgtgcgatagcgceccctgtgtgtictcgttatgttgaggaaaaaaataatggttgctaagagattcgaactct
tgcatcttacgatacctgagtattcccacagttaactgcggtcaagatatttcttgaatcaggcgcecttagaccgctcggccaaacaaccaattacttgttgagaaataga
gtataattatcctataaatataacgtttttgaacacacatgaacaaggaagtacaggacaattgattttgaagagaatgtggattttgatgtaattgttgggattccatttttaa
taaggcaataatattaggtatgtggatatactagaagttctcctcgagggtcgatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcagga
aattgtaaacgttaatattttgttaaaattcgcgttaaattttigttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaatagac
cgagatagggttgagtgttgttccagttiggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcecca
ctacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagceccccgatttagagcttgacggggaaagcec
ggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggegetggcaagtgtageggtcacgetgegegtaaccaccacacccgec
gcgcttaatgcgcecgctacagggegegtecgegcecattcgecattcaggetgecgcaactgtigggaagggegatcggtgegggcectettegcetattacgeccagetgge
gaaggggggatgtgctgcaaggcgattaagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgaattgtaatacgactcactatagg
gcgaattggagctcagtttatcattatcaatactcgccatttcaaagaatacgtaaataattaatagtagtgattttcctaactttatttagtcaaaaaattagccttttaattctg
ctgtaacccgtacatgcccaaaatagggggcgggttacacagaatatataacatcgtaggtgtctgggtgaacagtttattcctggcatccactaaatataatggagece
cgctttttaagctggcatccagaaaaaaaaagaatcccagcaccaaaatattgttticttcaccaaccatcagttcataggtccattctcttagcgcaactacagagaac
aggggcacaaacaggcaaaaaacgggcacaacctcaatggagtgatgcaacctgcctggagtaaatgatgacacaaggcaattgacccacgcatgtatctatct
cattttcttacaccttctattaccttctgctctctetgatttggaaaaagctgaaaaaaaaggttgaaaccagticcctgaaattattccectacttgactaataagtatataaa
gacggtaggtattgattgtaatictgtaaatctatttcttaaacttcttaaattctacttitatagttagtcttttttttagttttaaaacaccagaacttagtticgacggattctagaa
ctagtatggagatttccatggaagagcaataccgcccggaagagatagaatccaaagtacagcticatigggatgagaagcgcacatttgaagtaaccgaagacg
agagcaaagagaagtattactgcctgtctttggaaccctatccttctggtcgactacacatgggccacgtacgtaactacaccatcggtgacgtgatcgcccgetacca
gcgtatgctgggcaaaaacgtcctgcagccgatcggetgggacgcegtttggtetgectgcggaaggegeggeggtgaaaaacaacaccgetccggecaccegtgga
cgtacgacaacatcgcgtatatgaaaaaccagctcaaaatgctgggctttggttatgactggagccgcgagcetggcaacctgtacgccggaatactaccgttgggaa
cagaaattcttcaccgagctgtataaaaaaggcctggtatataagaagacttctgcggtcaactggtgcccgaacgaccagaccgtactggcgaacgaacaagttat
cgacggctgcetgctggcgetgcgataccaaagttigaacgtaaagagatcccgcagtggtttatcaaaatcactgcttacgctgacgagcetgctcaacgatctggataa
actggatcactggccagacaccgttaaaaccatgcagcgtaactggatcggtcgttccgaaggcgtggagatcacctticaacgttaacgactatgacaacacgcetg
accgtttacactacccgcccggacgcttttatgggttgtacctacctggcggtagetgecgggtcatccgectggcgcagaaagcggcggaaaataatcctgaactggeg
gcctttattgacgaatgccgtaacaccaaagttgccgaagctgaaatggcgacgatggagaaaaaaggcegtcgatactggctttaaagcggttcacccattaacgg
gcgaagaaattcccgtttgggcagcaaacttcgtattigatggagtacggcacgggcegceagttatggcggtaccggggcacgaccagcgegactacgagtttgectct
aaatacggcctgaacatcaaaccggttatcctggcagctgacggctctgagccagatctttictcagcaagecctgactgaaaaaggcegtgctgttcaactctggcgag
ttcaacggtcttgaccatgaagcggcctticaacgccatcgccgataaactgactgcgatgggegtiggcgagegtaaattgaactaccgectgecgegactggggtgtt
tcccgtcagcegttactggggegegcecgattccgatggtgacgctggaagacggtaccgtaatgccgaccccggacgaccagcetgceggtgatectgccggaggat
gtggtaatggacggcattaccagcccgattaaagcagatccggagtgggcgaaaactaccgttaacggtatgccagcactgcgtgaaaccgacactttcgacacct
ttatggagtcctcctggagatatgcgegctacacttgcccgcagtacaaagaaggtatgctggattccgaageggctaactactggcetgecggtggatatcgetattggt
ggtattgaacacgccattatgggtctgctctacttccgcttcticcacaaactgatgcgtgatgcaggcatggtgaactctgacgaaccagcgaaacagttgcetgtgtca
gggtatggtgctggcagatgccttictactatgttggcgaaaacggcgaacgtaactgggtttccceggttgatgcetatcgtigaacgtgacgagaaaggcecgtategtg
aaagcgaaagatgcggcaggccatgaactggtttataccggcatgagcaaaatgtccaagtcgaagaacaacggtatcgacccgcaggtgatggttgaacgttac
ggcgcggacaccgttcgtctgtttatgatgtttgctictccggetgatatgactctcgaatggcaggaatccggtgtggaaggggcetaaccgcttcctgaaacgtgtctgg
aaactggtttacgagcacacagcaaaaggtgatgttgcggcactgaacgttgatgcgctgactgaaaatcagaaagcgcetgcgtcgegatgtgcataaaacgatcg
ctaaagtgaccgatgatatcggccgtcgtcagaccttcaacaccgcaattgcggcgattatggagctgatgaacaaactggcgaaagcaccaaccgatggcgagce
aggatcgcgctctgatgcaggaagcactgctggecgttgtcecgtatgcttaaccegttcaccccgeacatctgcttcacgetgtggcaggaactgaaaggcgaagge
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gatatcgacaacgcgccgtggccggttgctgacgaaaaagcgatggtggaagactccacgcetggtcgtggtgcaggttaacggtaaggtccgtgccaaaatcacce
gttccggtggacgcaacggaagaacaggttcgcgaacgtgctggccaggaacatctggtagcaaaatatcttgatggegttactgtacgtaaagtgatttacgtacca
ggtaaactcctcaatctggtcgttggctaacatatgtcacgcttacattcacgecctcccceccacatecgetctaaccgaaaaggaaggagttagacaacctgaagtct
aggtccctatttatttttttatagttatgttagtattaagaacgttatttatatttcaaatttttctttttttictgtacagacgcgtgtacgcatgtaacattatactgaaaaccttgcttg
agaaggttttgggacgctcgaaggctttaatttgcggccggtaccectggaaggtgecactceccactgtectticctaataaaatgaggaaattgcategeattgtctgag

taggtgtcattctattctggggggtggggtggggcaggacagcaagggggaggattgggaagacaatagcaggcatgctggggatgcggtgggctctatggcettctg

aggcggaaagaaccagctggggctctagggggtatccccacgcgccctgtagcggcgcattaagcgcggcgiiﬁtﬁtﬁﬁti;ﬁttaci;cicaicﬁtﬁacc%ctaca

cggctctagacataaaaaacaaaaaaa
tatttaattgttgaagaaagagtatactacataacacatatacaattgaaaaaga

ctgcaggaattcgatatcaagcttatcgatac
cgtcgacctcgagggggggceccggtacccagcttttgttccctttagtgagggttaattccgagettggegtaatcatggtcatagcetgtttcctgtgtgaaattgttatccge
tcacaattccacacaacataggagccggaagcataaagtgtaaagcctggggtgcctaatgagtgaggtaactcacattaattgcgtigcgctcactgcccgctttce
agtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggceggtttgegtattgggegctcttcecgcettectegetcactgactcgetgeg
ctcggtegttcggetgcggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaag
gccagcaaaaggccaggaaccgtaaaaaggccgcegttgetggegtttttccataggctcggeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggt
ggcgaaacccgacaggactataaagataccaggcgttccceccctggaagctcectegtgegcetcetectgticcgaccctgecgcettaccggatacctgtcegectttet
cccttcgggaagcegtggegctttctcaatgctcacgctgtaggtatctcagttcggtgtaggtegticgctccaagetgggcetgtgtgcacgaacccccecgtticageccga
ccgctgegcecttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagcecactggtaacaggattagcagagcgaggtatgt
aggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgcetetgctgaagccagttaccttcggaaaaagagtt
ggtagctcttgatccggcaaacaaaccaccgctggtageggtggttttttigtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatctt
ttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagtttt
aaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgticatccatagttgcctgactg
cccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggcetccagatttatcagcaataaa
ccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgectccatccagtctattaattgttgccgggaagcetagagtaagtagttcgecagttaa
tagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgcetegtegtitggtatggcttcattcagetcecggttcccaacgatcaaggecgagttacatgatcee
ccatgttgtgaaaaaaagcggttagctccttcggtectccgategtigtcagaagtaagttggccgeagtgttatcactcatggttatggcagcactgcataattctcttact
gtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggegtcaatacgggat
aataccgcgccacatagcagaactttaaaagtgctcatcatiggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaac
ccactcgtgcacccaactgatcttcagcatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgac
acggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaatag
gggttccgegcacatttccccgaaaagtgccacctgggtectttticatcacgtgctataaaaataattataatttaaattttttaatataaatatataaattaaaaatagaaa
gtaaaaaaagaaattaaagaaaaaatagttttigttttccgaagatgtaaaagactctagggggatcgccaacaaatactaccttttatcttgctcttcctgctctcaggta
ttaatgccgaattgtttcatcttgtctgtgtagaagaccacacacgaaaatcctgtgattttacattttacttatcgttaatcgaatgtatatctatttaatctgcttttcttgtctaata
aatatatatgtaaagtacgctttttgttgaaattttttaaacctttgtttatttttttttcttcattccgtaactcttctacctictttatttacttictaaaatccaaatacaaaacataaaa
ataaataaacacagagtaaattcccaaattattccatcattaaaagatacgaggcgcegtgtaagttacaggcaagcgatccgtcctaagaaaccattattatcatgac
attaacctataaaaataggcgtatcacgaggccctttcgt

pXF509:TDH3promoter, LeuOmeRS, CYC1 terminator, [RNASIEE, SNRSZISiomotet

Note:The backbone is pRS313

ggagaaaataccgcatcaggaaattgtaaacgttaatattttgttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcce
cttataaatcaaaagaatagaccgagatagggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaac
cgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagceccccgatt
tagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcegggcegctagggegcetggcaagtgtageggtcacgetg
cgcgtaaccaccacacccgccgcgcttaatgcgecgcetacagggegegtecgegecattcgecattcaggetgegcaactgtigggaagggcegateggtgecgggec
tcttcgctattacgccagetggcgaaggggggatgtgetgcaaggegattaagttgggtaacgccagggtiticccagtcacgacgttgtaaaacgacggecagtga
attgtaatacgactcactatagggcgaattggagctcagtttaicattatcaatactcgccatttcaaagaatacgtaaataattaatagtagtgatiticctaactttatttagt
caaaaaattagccttttaattctgctgtaaccecgtacatgcccaaaatagggggcgggttacacagaatatataacatcgtaggtgtctgggtgaacagtttattcctgge
atccactaaatataatggagcccgctttttaagctggcatccagaaaaaaaaagaatcccagcaccaaaatattgttticttcaccaaccatcagttcataggtccattct
cttagcgcaactacagagaacaggggcacaaacaggcaaaaaacgggcacaacctcaatggagtgatgcaacctgcctggagtaaatgatgacacaaggca
attgacccacgcatgtatctatctcattttcttacaccttctattaccttctgctctctctgatttggaaaaagctgaaaaaa
tagttttaaaacaccagaacttagtttcgaaaggttgaaaccagttccctgaaattattcccctacttgactaataagtatataaagacggtaggtattgattgtaattctgta
aatctatticttaaacttcttaaatictactttiatagttagtcitttttitagttttaaaacaccagaacttagtticgacggattctagaactagtatggagattticcatggaagag
caataccgcccggaagagatagaatccaaagtacagcttcatigggatgagaagcgcacatttgaagtaaccgaagacgagagcaaagagaagtattactgect
gtctttggaaccctatccttctggtcgactacacatgggccacgtacgtaactacaccatcggtgacgtgatcgcccgctaccagegtatgctgggcaaaaacgtcctg
cagccgatcggcetgggacgcegtttggtctgectgcggaaggegeggeggtgaaaaacaacaccgcetccggcaccgtggacgtacgacaacatcgegtatatgaa
aaaccagctcaaaatgctgggctttggttatgactggagccgcgagcetggcaacctgtacgccggaatactaccgtigggaacagaaattcticaccgagctgtataa

11



aaaaggcctggtatataagaagacttctgcggtcaactggtgcccgaacgaccagaccgtactggcgaacgaacaagttatcgacggcetgetgectggegetgegat
accaaagttgaacgtaaagagatcccgcagtggtttatcaaaatcactgcttacgctgacgagctgctcaacgatctggataaactggatcactggccagacaccgtt
aaaaccatgcagcgtaactggatcggtcgticcgaaggcgtggagatcaccttcaacgttaacgactatgacaacacgctgaccgtttacactacccgcccggacg
cttttatgggttgtacctacctggcggtagctgcgggtcatccgetggcgcagaaagecggecggaaaataatcctgaactggeggcctttattgacgaatgccgtaacac
caaagttgccgaagctgaaatggcgacgatggagaaaaaaggcgtcgatactggctttaaagcggttcacccattaacgggcgaagaaattccegttigggcage
aaacttcgtattgatggagtacggcacgggcgcagttatggcggtaccggggcacgaccagcgcgactacgagtttgectctaaatacggcctgaacatcaaaccg
gttatcctggcagctgacggctctgagccagatcttictcagcaagccctgactgaaaaaggcegtgctgttcaactctggcgagttcaacggtettgaccatgaagegg
ccttcaacgccatcgccgataaactgactgcgatgggegttggcgagegtaaattgaactaccgectgecgegactggggtgtttcccgtcagegttactggggegege
cgattccgatggtgacgctggaagacggtaccgtaatgccgaccccggacgaccagctgeccggtgatcctgeccggaggatgtggtaatggacggeattaccagec
cgattaaagcagatccggagtgggcgaaaactaccgttaacggtatgccagcactgcgtgaaaccgacactttcgacacctttatggagtcctcctggagatatgeg
cgctacacttgcccgcagtacaaagaaggtatgctggattccgaagcggctaactactggetgccggtggatatcgcetattggtggtattgaacacgccattatgggtct
gctctacttccgcttcttccacaaactgatgcgtgatgcaggcatggtgaactctgacgaaccagcgaaacagttgetgtgtcagggtatggtgctggcagatgcecttct
actatgttggcgaaaacggcgaacgtaactgggtttccccggttgatgctatcgttgaacgtgacgagaaaggcecgtatcgtgaaagcgaaagatgcggcaggceca
tgaactggtttataccggcatgagcaaaatgtccaagtcgaagaacaacggtatcgacccgcaggtgatggttgaacgttacggcgcggacaccgttcgtctgtttat
gatgtttgcttctccggctgatatgactctcgaatggcaggaatccggtgtggaaggggcetaaccgcettcctgaaacgtgtctggaaactggtttacgagcacacagca
aaaggtgatgttgcggcactgaacgttgatgcgctgactgaaaatcagaaagcgctgcgtcgcgatgtgcataaaacgatcgctaaagtgaccgatgatatcggece
gtcgtcagaccttcaacaccgcaattgcggcgattatggagctgatgaacaaactggcgaaagcaccaaccgatggcgagcaggatcgegcetctgatgcaggaa
gcactgctggccgttgtccgtatgcttaaccegttcaccccgeacatcetgctticacgetgtggcaggaactgaaaggcgaaggcegatatcgacaacgecgecgtggec
ggttgctgacgaaaaagcgatggtggaagactccacgcetggtcgtggtgcaggttaacggtaaggtccgtgccaaaatcaccgttccggtggacgcaacggaaga
acaggttcgcgaacgtgctggccaggaacatctggtagcaaaatatcttgatggcegttactgtacgtaaagtgatttacgtaccaggtaaactcctcaatctggtcgttg
gctaacatatgtcacgcttacattcacgccctccccccacatcegcetctaaccgaaaaggaaggagttagacaacctgaagtctaggtccctatttatttttttatagttatg
ttagtattaagaacgttatttatatttcaaatttttctttttttictgtacagacgcgtgtacgcatgtaacattatactgaaaaccttgcttgagaaggttttgggacgctcgaagg
ctttaatttgcggccggtacccctggaaggtgccactcccactgtectttcctaataaaatgaggaaattgcatcgceattgtctgagtaggtgtcattctattictggggggtg
gggtggggcaggacagcaagggggaggatigggaagacaatagcaggcatgctggggatgceggtgggctctatggcettctgaggcggaaagaaccagetggg
gctctagggggtatccccacgegcecctgtagecggegeattaagegeggegggtgtggtggttacgecgecagegtgaccgctacacttgeccagegecctagegeccge
actagagacgtcccgecggggceggctctagacataaaaaacaaaaaaa
tatttaattgttgaagaaagagtatactacataacacatatacaattgaaaaagaggctagcagcttaccggtcgggatgg
ctgcaggatcatitatctttcactgcggagaagtttcgaacgeegaaacatgegeaccaacttteacttctacagegtttgaccaaaatetittgaacagaacattgtagg
gtgtgaaaaaatgcgeacctitaccgctageccaagagggeactacaaaatetagagtigtacttcaaacgtacatgtaatcacctigtatatactcgaaagaaaaca
[CaagiicioEEaatalgagiaaagcataatcatacatiatotiioaaaga ctgcaggaattcgatatcaagcttategataccgtcgacctcgagggggggeccy
gtacccagcttttgttccctttagtgagggttaattccgagcttggcgtaatcatggtcatagcetgtttcctgtgtgaaattgttatccgetcacaattccacacaacataggag
ccggaagcataaagtgtaaagcctggggtgcctaatgagtgaggtaactcacattaattgcgttgcgctcactgeccgctttccagtcgggaaacctgtegtgecagcet
gcattaatgaatcggccaacgcgcggggagaggceggtttgegtattgggegctettcegettectecgetcactgactecgetgegeteggtegttcggetgecggegageg
gtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgt
aaaaaggccgcgttgctggegtttttccataggctcggeccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataa
agataccaggcgttccceectggaagctecctegtgegctetectgticcgacccetgecgcettaccggatacctgteegcectttctceccttcgggaagegtggcegctttcte
aatgctcacgctgtaggtatctcagttcggtgtaggtcgticgctccaagetgggcetgtgtgcacgaacceccecgticageccgaccgcetgegcecttatccggtaactate
gtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaag
tggtggcctaactacggctacactagaaggacagtattiggtatctgcgctctgctgaagcecagttaccttcggaaaaagagttggtagcetcttgatccggcaaacaaa
ccaccgctggtageggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtgga
acgaaaactcacgttaagggatttiggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagta
aacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagtigecctgactgeccgtegtgtagataactacgatac
gggagggcttaccatctggccccagtgetgcaatgataccgcgagacccacgctcaccggcetccagatttatcagcaataaaccagccagccggaagggecgag
cgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgtigccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattge
tacaggcatcgtggtgtcacgctcgtegtttggtatggcttcattcagctccggtticccaacgatcaaggcgagttacatgatccececcatgtigtgaaaaaaageggttag
ctectteggtectcecgategttgtcagaagtaagttggccgeagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctg
tgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggegtcaatacgggataataccgcgccacatagcagaacttt
aaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcticag
catcttttactttcaccagcgttictgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgtigaatactcatactcttc
ctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaa
gtgccacctgggtccttttcatcacgtgctataaaaataattataatttaaattttttaatataaatatataaattaaaaatagaaagtaaaaaaagaaattaaagaaaaaa
tagtttttgttttccgaagatgtaaaagactctagggggatcgccaacaaatactaccttttatcttgctcttcctgcetctcaggtattaatgccgaattgtttcatcttgtetgtgt
agaagaccacacacgaaaatcctgtgattttacattttacttatcgttaatcgaatgtatatctatttaatctgcttttctigtctaataaatatatatgtaaagtacgctttttgttg
aaattttttaaacctttgtttatttttttticttcattccgtaactcttctaccttctttatttactttctaaaatccaaatacaaaacataaaaataaataaacacagagtaaattccc
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aaattattccatcattaaaagatacgaggcgcgtgtaagttacaggcaagcgatccgtcctaagaaaccattattatcatgacattaacctataaaaataggcgtatca

cgaggccctttegttcgegegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtetgtaagecggatgccgggagcagac

aagcccgtcagggcegcegtcagegggtgttggegggtgtcggggetggcttaactatgcggcatcagagcagattgtactcacaccgcatagatccgtcgagticaag
agaaaaaaaaagaaaaagcaaaaagaaaaaaggaaagcgcgcctcgttcagaatgacacgtatagaatgatgcattaccttgtcatctticagtatcatactgttcg

tatacatacttactgacattcataggtatacatatatacacatgtatatatatcgtatgctgcagctttaaataatcggtgtcactacataagaacacctttggtggagggaa

catcgttggtaccattgggcgaggtggcttctcttatggcaaccgcaagagcecttgaacgcactctcactacggtgatgatcattctigcctcgcagacaatcaacgtgg

agggtaattctgctagcctctgcaaagctttcaagaaaatgcgggatcatctcgcaagagagatctcectacttictccctttgcaaaccaagttcgacaactgcgtacgg

cctgttcgaaagatctaccaccgctctggaaagtgcctcatccaaaggcgcaaatcctgatccaaacctttttactccacgcgccagtagggcectctttaaaagcttgac
cgagagcaatcccgcagtcttcagtggtgtgatggtcgtctatgtgtaagtcaccaatgcactcaacgattagcgaccagccggaatgcttggccagagcatgtatcat
atggtccagaaaccctatacctgtgtggacgttaatcacttgcgattgtgtggcctgttctgctactgcttctgectetttttctgggaagatcgagtgctctatcgctagggga
ccaccctttaaagagatcgcaatctgaatcttggtttcattigtaatacgctttactagggctttctgctetgtcatctttgecttegtttatcttgectgctcattttttagtatattcttc

gaagaaatcacattactttatataatgtataattcattatgtgataatgccaatcgctaagaaaaaaaaagagtcatccgctaggggaaaaaaaaaaatgaaaatcat
taccgaggcataaaaaaatatagagtgtactagaggaggccaagagtaatagaaaaagaaaattgcgggaaaggactgtgttatgacttccctgactaatgce

pXF484-489:[CDC4 promoter, CDC4 (I CDC4 terminator
Note: The blue corresponding codon were individually replaced with the TAG stop codon via site-directed mutagenesis.

gacgaaagggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtticttaggacggatcgcettgcctgtaacttacacgcgcectcgtatcttttaatgatg
gaataatttgggaatttactctgtgtttatttattttatgtttigtatttggattttagaaagtaaataaagaaggtagaagagttacggaatgaagaaaaaaaaataaacaa
aggtttaaaaaatttcaacaaaaagcgtactttacatatatatttattagacaagaaaagcagattaaatagatatacattcgattaacgataagtaaaatgtaaaatca
caggattttcgtgtgtggtctictacacagacaagatgaaacaattcggcattaatacctgagagcaggaagagcaagataaaaggtagtatttgttggcgatcccect
agagtcttttacatcttcggaaaacaaaaactattttttctttaatttctttttttacttictatttttaatttatatatttatattaaaaaatttaaattataattatttttatagcacgtgatg
aaaaggacccaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaat
gcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgcccttattcccttttttgcggceattttgecttectgtttttgctcacccagaaacgcetggtga
aagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatccttgagagttttcgccccgaagaacgttttccaat
gatgagcacttttaaagttctgctatgtggcgceggtattatcccgtatigacgccgggcaagagcaactcggtcgecgcatacactattctcagaatgacttggttgagta
ctcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaa
cgatcggaggaccgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgtigggaaccggagcetgaatgaagccataccaaacga
cgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatgg
aggcggataaagttgcaggaccacttctgcgetcggcecctticcggetggetggtttattgctgataaatctggagecggtgagegtgggtetcgeggtatcattgcagea
ctggggccagatggtaagccctccegtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcact
gattaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgac
caaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcticttgagatcctttttttctgcgegtaatctgetgctigcaaacaa
aaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcticagcagagcgcagataccaaatactgtccttcta
gtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcectacatacctcgetctgctaatcctgttaccagtggcetgctgccagtggegataagtegtgtctt
accgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagceccagettggagcgaacgacctacaccg
aactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagag
cgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgeccacctctgacttgagegtegatttttgtgatgctcgtcaggggggeggag
cctatggaaaaacgccagcaacgcggcctttttacggttcctggecttttgctggcecttttgctcacatgttctttcctgegttatcecectgattctgtggataaccgtattaccg
cctttgagtgagctgataccgctcgccgcageccgaacgaccgagcgcagegagtcagtgagcgaggaagcggaagagegceccaatacgcaaaccgcctctece
cgcgcegttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagecgcaacgcaattaatgtgagttacctcactcattaggeac
cccaggctttacactttatgcttccggctcectatgttgtgtggaattgtgagcggataacaatticacacaggaaacagctatgaccatgattacgccaagcgcegcaatta
accctcactaaagggaacaaaagctggagctccaccgeggtggeggecgctctagaactagtggatceticcagtcagtagtcagtagtcagttgatgtagtgetggte
tggtattcatcatcaaaaacagccttccagccagaaggcacttgaggaggattacttttactttgagccattactttaaaatgttttgggtttttttatcgactctcttgtagtgag
tgataaaagcaattcagaaagagtcttttgattatcatgactaaagtaaactttttcttccagctgccggcetcggtcaggtggacgaaacaaaaaagcctgttgaaataa
tactgaatacgttaaaacgtcacagcgcttgtatatctigtgagagaaaggctattaccactgttatatgaatatagattgctcaacaaagcegtgtctttttctgtgtgcttaa
aatatagtgtcttttttgggaaaaaaacgtttatttacagtattctcttcttcttctcctcattcaacttgtigcggticgaagaaaattacgcataaagaatcaaagaaaggca
aaaattacgctgtacgatggggtcgtttcccttagctgagtticcattacgtgatatccctgttccttatagctaccgtgtgtectggeggtatagettcctcaggtagtgttactg
cgcttgttactgccgctggcactcatcgaaactcgtccacggctaagacagttgagacagaagacggcgaagaagatatcgatgagtatcagaggaaaagagca
gctggttctggcgaatccactcctgaacgcagtgatttcaaaagggtaaaacatgataatcacaaaaccctccatccagttaacttacagaacaccggtgcagcegtct
gtggataatgacggtctgcacaatttaacagatatatccaacgatgcagaaaaacttttgatgtctgtggatgatggtictgccgcacctictacattgagtgtaaacatgg
gagtggcatctcataatgttgctgctcccactaccgtcaatgcggcaacaataactggcagtgatgttagtaacaatgttaatagtgctactattaacaatcctatggagg
aaggagcgctgccgttatcacccactgcttcctctccaggtaccacaactcctttagctaaaactacgaaaactatcaacaacaataataatatcgccgatttgataga
atccaaagattctataatctcccctgaatacctttctgatgagattttcagcgcaataaacaataatctccctcacgcatacticaaaaatttattatttagattagttgccaac
atggataggagtgaactatccgacttggggactttaatcaaggataatiilaagagggacctaataacgtctttgccttttgaaataagtttgaaaattttcaattatttgca
attcgaggatattataaattcccttggggtctcccaaaattggaacaaaataattagaaaatctacatcgttgtggaaaaaacttctgatatcggaaaat.gtg cc
aaagggttttaattctctcaatctcaaactctcccaaaaatacccaaaa.tcacaacaagatcgccttagattatcttttctggagaatatattcattttaaaaaattggta
caatcccaag.gtaccacaaaggaccacgttaagaggccatatgacgagtgttattacgtgcttgcaatttgaagataattatgtcattacgggggctgatgacaaaa
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tgatcagagtttatgattcgataaacaagaaatttcttctacaactatcaggtcatgatggtggggtttgggcattgaagtatgcccatggcggtattttagtcagcggttcta
cagacagaacggtgcgagtttgggatattaagaaaggttgttgtacccatgtgtttaaaggtcataactctacggtgaggtgcctagatatagtagaatataaaaatatc
aagtacattgttactggttcgagagataacactttgcacgtttggaaattgcccaaggagtcctccgttcctgatcatggggaagaacatgattatccattagtctttcatac
ccctgaggagaacccatattttgttggtgttttaagaggacatatggcatctgtaagaactgtctcaggccacggtaatattgtcgttagtggctcctatgataatacactga
ttgtgtgggatgttgcgcaaatgaaatgtttgtatatittaagtggacatacggatcgtatttattcgacaatctacgatcatgaaagaaaaaggtgcatctctgccagtatg
gataccactattagaatttgggatttggaaaatatatggaataatggagaatgttcctacgcaacaaattcagcatcgccatgcgccaaaatacttggtgctatgtacact
ttgcagggtcatacagctttggtcggtttattaagattatccgacaaatttttggtcagtgccgctgcagacggttcaataaggggtigggacgcaaacgactactctaga
aaattttcctaccatcataccaatttgagtgcaattaccacattttatgtatcggataatattttggtgagtggatcggaaaatcagttcaacatctataatctacggagtggg
aaattggtccacgcaaatattctaaaagatgctgatcagatttggtcggttaattttaagggcaaaacacttgttgcagcagttgaaaaagatggacagagctttttagaa
attctggatttcagcaaagcttcaaaaattaactacgttagcaatcccgtaaactcctcgtcgtegtcetttggaatccatttctacttctttgggtctaacgaggacaactata
ataccatcgtcgggttgacctttcccagagaataagcattgactcatacttagataatatagcttaataagtagttatataatcagtaaaaaagtacaataacaacttcgt
acattttattgaatataaactgcagctaaactgcttgtatgticaattttaattgtgtitacaaaaagggtgccgtttattaattaatgtticticcctgaaaatatggaaagtaca
agtttttagttgagaagggtttaagaaagttttgaaaatgatctaaaaaaatataaaagcaatcaaagaaataaaagctggaaaaatgcgtaataaccgaagtgacc
tgtgcatcacttctcacgtctgaaccaagatagctggatgtacccaattcgecctatagtgagtcgtattacgcgegctcactggecgtegttttacaacgtcgtgactggg
aaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccagetggegtaatagcgaagaggeccgcaccgatcgeccttcccaacagttgecge
agcctgaatggcgaatggcgcgacgcgcecctgtagecggcegceattaagecgeggegggtgtggtggttacgegcagegtgaccgctacacttgccagegecctageg
cccgctectttecgctttcttcecttectttctcgecacgttcgecggctttcceegtcaagcetctaaatcgggggcetecctttagggttccgatttagtgetttacggcacctcga
ccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgecctgatagacggtttttcgccctttgacgttggagtccacgttctttaatagtggactcttgttcca
aactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgccgatttcggectattggttaaaaaatgagctgatttaacaaaaatttaacgcgaa
ttttaacaaaatattaacgtttacaatttcctgatgcggtattttctccttacgcatctgtgcggtatticacaccgcatagatccgtcgagticaagagaaaaaaaaagaaa
aagcaaaaagaaaaaaggaaagcgcgcctcgttcagaatgacacgtatagaatgatgcattaccttgtcatcttcagtatcatactgttcgtatacatacttactgacat
tcataggtatacatatatacacatgtatatatatcgtatgctgcagctttaaataatcggtgtcactacataagaacacctttggtggagggaacatcgttggtaccattgg
gcgaggtggcttctcttatggcaaccgcaagagcecttgaacgcactctcactacggtgatgatcattcttgcctcgcagacaatcaacgtggagggtaattctgctagece
tctgcaaagctttcaagaaaatgcgggatcatctcgcaagagagatctcctactttctcectttgcaaaccaagttcgacaactgcgtacggcectgttcgaaagatctac
caccgctctggaaagtgcctcatccaaaggcgcaaatcctgatccaaacctttttactccacgcgccagtagggcectctttaaaagcettgaccgagagcaatccecgea
gtcttcagtggtgtgatggtcgtctatgtgtaagtcaccaatgcactcaacgattagcgaccagccggaatgctiggccagagcatgtatcatatggtccagaaacccta
tacctgtgtggacgttaatcacttgcgattgtgtggcectgttctgctactgcettctgectctttttctgggaagatcgagtgctctatcgctaggggaccaccctttaaagagat
cgcaatctgaatcttggtttcatttgtaatacgctttactagggctttctgctctgtcatctttgcecttcgtttatcttgectgctceatttttagtatattcttcgaagaaatcacattact
ttatataatgtataattcattatgtgataatgccaatcgctaagaaaaaaaaagagtcatccgctaggggaaaaaaaaaaatgaaaatcattaccgaggcataaaaa
aatatagagtgtactagaggaggccaagagtaatagaaaaagaaaattgcgggaaaggactgtgttatgacttccctgactaatgccgtgticaaacgatacctgge
agtgactcctagcgctcaccaagctcttaaaacgggaatttatggtgcactctcagtacaatctgctctgatgccgcatagttaagccagccccgacacccgcecaaca
cgcgctgacgcegcecctgacgggcttgtetgetcccggeatececgettacagacaagcetgtgaccgtctccgggagcetgceatgtgtcagaggttttcaccgtcatcaccga
aacgcgcga

pXF495-497-INNMD3'promoter; NMD3 (). NVD3 terminator
Note: The blue corresponding codon were individually replaced with the TAG stop codon via site-directed mutagenesis.

tcgcgcegtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagcttgtetgtaagecggatgccgggagcagacaageccgtcagg
gcgcgtcagegggtgttggegggtgtcggggctggcttaactatgcggcatcagagcagattgtactgagagtgcaccataccacagcttttcaattcaattcatcattttt
tttttattcttttttttgatttcggtttctttgaaatttttttgaticggtaatctccgaacagaaggaagaacgaaggaaggagcacagacttagattggtatatatacgcatatgt
agtgttgaagaaacatgaaattgcccagtattcttaacccaactgcacagaacaaaaacctgcaggaaacgaagataaatcatgtcgaaagctacatataaggaa
cgtgctgctactcatcctagtcctgttgctgccaagctatttaatatcatgcacgaaaagcaaacaaacttgtgtgcttcattggatgttcgtaccaccaaggaattactgg
agttagttgaagcattaggtcccaaaatttgtttactaaaaacacatgtggatatcttgactgatttttccatggagggcacagttaagccgctaaaggceattatccgccaa
gtacaattttttactcttcgaagacagaaaatttgctgacattggtaatacagtcaaattgcagtactctgcgggtgtatacagaatagcagaatgggcagacattacga
atgcacacggtgtggtgggcccaggtattgttagcggtttgaagcaggcggcagaagaagtaacaaaggaacctagaggccttttgatgttagcagaattgtcatgce
aagggctccctatctactggagaatatactaagggtactgttigacattgcgaagagcgacaaagattttgttatcggctttattgctcaaagagacatgggtggaagag
atgaaggttacgattggttgattatgacacccggtgtgggtttagatgacaagggagacgcattgggtcaacagtatagaaccgtggatgatgtggtctctacaggatct
gacattattattgttggaagaggactattigcaaagggaagggatgctaaggtagagggtgaacgttacagaaaagcaggctgggaagcatatttgagaagatgcg
gccagcaaaactaaaaaactgtattataagtaaatgcatgtatactaaactcacaaattagagcttcaatttaattatatcagttattaccctatgcggtgtgaaataccge
acagatgcgtaaggagaaaataccgcatcaggaaattgtaaacgttaatatttigttaaaattcgcgttaaatttttgttaaatcagctcattttttaaccaataggccgaaa
tcggcaaaatcccttataaatcaaaagaatagaccgagatagggttgagtgttgticcagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaag
ggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaagcactaaatcggaaccctaaagg
gagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgcetagggegcetggcaagtgta
gcggtcacgcetgcgegtaaccaccacacccgccgegcttaatgcgecgctacagggegegtcgegcecattcgecattcaggetgegcaactgtigggaagggega
tcggtgcgggcectcttcgctattacgccagctggcgaaagggggatgtgctgcaaggcgattaagttgggtaacgataccgetgtaataagaaaagcectigaccaag
gtaaccaaggcgaagagggaatcgctgatggcaatgcaaaaggaaaacticggtgagagaaaaagacagcaaaagaagaagcaaaatgacgggaaaagtt
tgcgctcttgaaaaattctaaataagatttaaagacgtacatatcgtacaatctggatactgttttccaggacaactgatagatacaattttggcacatatgaagtatgtttct
atataacgggtgagaaaatcgctgtaaattcaattacgtacaatcaccgacgggtaacttatttttttttcttttictcttgtagttggaaaatttttigaagctcatcgcattgga
aaagaaaaattactagcagttgtgatgatttaactatgttttgaggaaccttggctttatcttttattigtcgcctggtacataacactacattttattgtctaataaacgtigagg
aatttgacaaaaggatggaaﬁacacctatagatccgcaccagcaccaaaatgctgctactcttctatgttgtaactgtggtaccccaatcgatgggtccactgggctg
gttatgtgttatgactgtatcaaactgactgtggacattactcaaggtaticcaagagaagcgaacatttcattttgcagaaactgtgaaagattttigcaaccacctggac
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aatggatcagagcagaattagaatctagagaattactggccatttgtttgcgtcgtttgaagggcctaacaaaagtcagattagtggatgcttcattcatttggacagaac
cccattctagacgtattagaattaaacttaccgtgcagggagaagccatgacaaatactattattcagcaaactttcgaagtagaatacattgttattgcgatgcaatgtc
cagactgtgccagatcctacactacaaatacttggagggctactgtccaaattagacaaaaagtgcctcacaagagaacatttttgtttttggaacaactgattitgaaa
cataatgctcatgtggataccatttccattagtgaagctaaggacgggttggatttctictatgcgcaaaaaaaccacgcagttaagatgattgattttttgaacgctgttgtt
ccgattaaacataaaaagtctgaagaacttatttictcaagatacacatactggtgcatctacttataaattttcatattctgtcgagattgttcctatctgtaaagatgacttggt
cgttttaccaaaaaaactggctaaatctatgggtaacattictcaatttgttctatgtictaagatttctaacactgtccagtttatggatccgactactttgcaaaccgcggatc
tgtcaccatctgtgtactggagggctccattcaacgccectggctgatgtgacccagttggtggagttcattgtictggacgtggattctacaggtataagcaggggaaatc
gtgtcttagctgacattactgttgctagaacgtctgacttgggtgttaatgaccaagtctactacgtcaggtctcatctcggtggtatttgcli@igcaggtgatagtgttatggg
ttatttcattgcaaactcgaattacaactcagatctttttgatgggttaaatatcgattatgtgcctgatgtagttctigtgaagaaattgtatcaaagaaagagcaaaaaga
gcagacactggaagttaaagagaatggctaaggaacacaaagatatcgatgcatccttagattacaattcaagagctcaaaagcaagaaatggaacgtgcagaa
aaggactacgaattattcttacaagaattagaagaggatgctgaattaagacaaagtgttaacctatacaaaaaccgcgaagcaaatgtacctcctgaagagcatg
aaatggatgaagacgaggatgaagacgctccacaaatcaacattgatgaattattggacgagttagatgaaatgacattagaagatggagtcgagaacacacccg
ttgaatctcagcagtaaaaaaacaccaaagaatggagagtagtatatactcttaacaaacactagcatttcagtttatctatatacatatatatggatgtaaaatgtacttt
atggaagaacaagccaccacatgttgaaaactagataggcaagcaagatttttcatttgtagagctcttacgcaagatttttaaacttccgccgtaatcatggtcataget
gtttcctgtgtgaaattgttatccgctcacaattccacacaacataggagccggaagcataaagtgtaaagcectggggtgcectaatgagtgaggtaactcacattaattg
cgttgcgctcactgeccgctttccagtcgggaaacctgtcgtgccagcetgcattaatgaatcggccaacgecgecggggagaggceggtttgegtatigggegctcttcege
ttcctegetcactgactcgetgegeteggtegtticggetgecggegageggtatcagetcactcaaaggeggtaatacggttatccacagaatcaggggataacgcagg
aaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcegttgetggcegtttticcataggctccgecccectgacgagcatcacaaa
aatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcegtttcccectggaagctccctegtgegctctectgttccgaccctgecgcett
accggatacctgtccgcctttctcecttcgggaagegtggcegcttictcatagctcacgctgtaggtatctcagticggtgtaggtegttcgetccaagetgggctgtgtgea
cgaaccccccgttcagccecgaccgetgcgcecttatccggtaactategtcttgagtccaacccggtaagacacgacttatcgccactggcagcagcecactggtaaca
ggattagcagagcgaggtatgtaggcggtgctacagagttctigaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagece
agttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagecggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaagg
atctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatc
cttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttc
gttcatccatagttgcctgactccecgtegtgtagataactacgatacgggagggcttaccatctggecccagtgcetgcaatgataccgecgagacccacgctcaccgg
ctccagatttatcagcaataaaccagccagccggaagggcecgagecgcagaagtggtectgcaactttatccgectccatccagtcetattaattgttgccgggaagceta
gagtaagtagttcgccagttaatagtttgcgcaacgttgtigccattgctacaggcatcgtggtgtcacgcetegtegtttggtatggcttcattcagctccggticccaacgat
caaggcgagttacatgatcccccatgttgtgcaaaaaagceggttagctccttcggtectccgategttgtcagaagtaagtiggeccgcagtgttatcactcatggttatgg
cagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctctt
gcccggcegtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgetgt
tgagatccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactticaccagegttictgggtgagcaaaaacaggaaggcaaaatgccgcaaa
aaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatt
tagaaaaataaacaaataggggttccgcgcacatticcccgaaaagtgccacctgggtccttttcatcacgtgctataaaaataattataatttaaattttttaatataaata
tataaattaaaaatagaaagtaaaaaaagaaattaaagaaaaaatagtttttgttticcgaagatgtaaaagactctagggggatcgccaacaaatactaccttttatct
tgctcttcctgetctcaggtattaatgeccgaattgtttcatcttgtetgtgtagaagaccacacacgaaaatcctgtgattttacattttacttatcgttaatcgaatgtatatctatt
taatctgctttictigtctaataaatatatatgtaaagtacgctttttgttgaaattttttaaacctttgtttatttttttttcttcattccgtaactcttctaccttctttatttactttictaaaatc
caaatacaaaacataaaaataaataaacacagagtaaattcccaaattattccatcattaaaagatacgaggcgcgtgtaagttacaggcaagcgatccgtcctaa
gaaaccattattatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtc

ﬁXF469/iXF500: GAL1 promoter, SEBESOENE, ADH1 terminator, SNR52 promoter, [N, BUEN. FRYY.. SNR52

ggatggacgcaaagaagtttaataatcatattacatggcattaccaccatatacatatccatatctaatcttacttatatgtigtggaaatgtaaagagccccattatcttag
cctaaaaaaaccttctctttggaactttcagtaatacgcttaactgctcattgctatattgaagtacggattagaagccgccgagcgggcgacagcecctccgacggaag
actctcctcegtgegtectegtettcaccggtcgegttcctgaaacgcagatgtgcctcgecgecgceactgctccgaacaataaagattctacaatactagcttttatggttat
gaagaggaaaaattggcagtaacctggccccacaaaccttcaaattaacgaatcaaattaacaaccataggatgataatgcgattagttttttagccttatttctggggt
aattaatcagcgaagcgatgatttttgatctattaacagatatataaatggaaaagctgcataaccactttaactaatactttcaacattttcagtttgtattacttcttattcaa
atgtcataaaagtatcaacaaaaaattgttaatataccictatactttaacgtcaaggagaaaaaactataatggattataaagatgacgatgacaaacctccaaaaa
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cctccaaaaaagaagagaaaggtctgactcgaggcgaatttcttatgatttatgatttttattattaaataagttataaaaaaaataagtgtatacaaattttaaagtg
actcttaggttttaaaacgaaaattcttattcttgagtaactctttcctgtaggtcaggttgcttictcaggtatagccacaccgcatagatccgtcgagticaagagaaaaa
aaaagaaaaagcaaaaagaaaaaaggaaagcgcgcctcgticagaatgacacgtatagaatgatgcattaccttgtcatcticagtatcatactgticgtatacatac
ttactgacattcataggtatacatatatacacatgtatatatatcgtatgctgcagctttaaataatcggtgtcactacataagaacacctttggtggagggaacatcgttgg
taccattgggcgaggtggcttctcttatggcaaccgcaagagcecttgaacgcactctcactacggtgatgatcattcttgcctcgcagacaatcaacgtggagggtaatt
ctgctagcctctgcaaagctttcaagaaaatgcgggatcatctcgcaagagagatctcctactttctcectttgcaaaccaagtticgacaactgegtacggcectgticga
aagatctaccaccgctctggaaagtgcctcatccaaaggcgcaaatcctgatccaaacctttttactccacgcgccagtagggcctctttaaaagcttgaccgagage
aatcccgcagtcttcagtggtgtgatggtegtctatgtgtaagtcaccaatgcactcaacgattagcgaccagccggaatgcettggccagagcatgtatcatatggtcca
gaaaccctatacctgtgtggacgttaatcacttgcgattgtgtggcctgttctgctactgcttctgectctttttctgggaagatcgagtgctctatcgctaggggaccaccecttt
aaagagatcgcaatctgaatcttggtttcattigtaatacgctttactagggctttctgctctgtcatctttgecttegtttatcttgectgctceattttttagtatattcttcgaagaaa
tcacattactttatataatgtataattcattatgtgataatgccaatcgctaagaaaaaaaaagagtcatccgctaggggaaaaaaaaaaatgaaaatcattaccgagg
acagcttgtctgtaagcggatgccgggagcagacaagceccgtcagggegcegtcagegggtgtiggegggtgtcggggetggecgggaaaggactgtgttatgacttc
cctgactaatgcgatccaatatcaaaggaaatgatagcattgaaggatgagactaatccaattgaggagtggcagcatatagaacagctaaagggtagtgctgaag
gaagcatacgataccccgcatggaatgggataatatcacaggaggtactagactacctttcatcctacataaatagacgcatataagtacgcatttaagcataaaca
cgcactatgccgttcttctcatgtatatatatatacaggcaacacgcagatataggtgcgacgtgaacagtgagctgtatgtgcgcagctcgegttgcattttcggaagcg
ctcgttttcggaaacgctttgaagttcctattccgaagttcctatictctagaaagtataggaactticagagcegcttttgaaaaccaaaagcgctctgaagacgcactttca
aaaaaccaaaaacgcaccggactgtaacgagctactaaaatattgcgaataccgcttccacaaacattgctcaaaagtatctctttgctatatatctctgtgctatatce
ctatataacctacccatccacctttcgctccttgaacttgcatctaaactcgacctctacattttttatgtttatctctagtattactctttagacaaaaaaattgtagtaagaact
attcatagagtgaatcgaaaacaatacgaaaatgtaaacatttcctatacgtagtatatagagacaaaatagaagaaaccgttcataattttctgaccaatgaagaatc
atcaacgctatcactttctgttcacaaagtatgcgcaatccacatcggtatagaatataatcggggatgcctttatcttgaaaaaatgcacccgcagcticgctagtaate
agtaaacgcgggaagtggagtcaggctttttttatggaagagaaaatagacaccaaagtagccttctictaaccttaacggacctacagtgcaaaaagttatcaaga
gactgcattatagagcgcacaaaggagaaaaaaagtaatctaagatgctttgttagaaaaatagcgctctcgggatgcatttttgtagaacaaaaaagaagtataga
ttetttgttggtaaaatagcgctctcgegttgcatttctgtictgtaaaaatgcagctcagattctttgtttgaaaaattagcgcetetcgegttgceattttigttttacaaaaatgaag
cacagattcttcgttggtaaaatagcgctttcgcgttgcatttctgtictgtaaaaatgcagctcagattctttgtttgaaaaattagcgctctcgegttgcattttigttctacaaa
atgaagcacagatgcttcgttagatctggccaggaaccgtaaaaaggcecgcegttgetggegtttttccataggcetccgeccecctgacgagcatcacaaaaatcgac
gctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctcectegtgcegctetectgttccgaccetgecgcettaccggat
acctgtccgcctttctcecticgggaagegtggegcttictcatagetcacgcetgtaggtatctcagticggtgtaggtegticgetccaagetgggcetgtgtgcacgaacce
cccgttcagecccgaccgcetgegcecttatccggtaactategtettgagtccaacccggtaagacacgacttatcgeccactggcagcagcecactggtaacaggattage
agagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcgcetctgctgaagccagttacctt
cggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtageggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaag
aagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaatt
aaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatcca
tagttgcctgactcececgtegtgtagataactacgatacgggagggcttaccatctggecccagtgetgcaatgataccgeggcetcccacgcetcaccggcetccagattt
atcagcaataaaccagccagccggaagggccgagcegcagaagtggtectgcaactttatccgectccatccagtctattaattgttgccgggaagcetagagtaagta
gttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtegtttggtatggcettcatticagetccggtticccaacgatcaaggega
gttacatgatcccccatgttgtgcaaaaaagcggttagctecttcggtectccgategtigtcagaagtaagttggecgceagtgttatcactcatggttatggcageactge
ataattctcttactgtcatgccatccgtaagatgctttictgtgactggtgagtactcaaccaagtcatictgagaatagtgtatgcggcgaccgagttgctettgcceggegt
caatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgcetgtigagatcca
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gttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcegtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaa
taagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaat
aaacaaataggggttccgcgcacatttccccgaaaagtgccacctgaacggtcgacgcggcecgcacaatcetttgaaaagataatgtatgattatgctttcactcatattt
atacagaaacttgatgttttctttcgagtatatacaaggtgattacatgtacgtttgaagtacaactctagattttgtagtgccctcttgggctagcggtaaaggtgcgcattttt
tcacaccctacaatg It

gatctgagaccggtctcasltale=EleEliilee| o[ (s 21

aaattgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttt

gagagtgcaccataccacagcttttc
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