SUPPLEMENTARY INFORMATION

Supplementary Table S1. Yarrowia lipolytica strains used in this study. Modifications introduced in the present study are highlighted in black letters.
	Strain ID
	Genotype
	Parent strain
	gRNA vector
	Donor integration vector
	Reference

	W29
	MATa
	–
	–
	–
	(Arnesen et al., 2020).

	ST9202
	MATa ku70∆::PrTEF1→Cas9-TTef12::PrGPD→DsdA-TLip2 IntC_2-HMG1←PrGPD-PrTefInt→ERG12 IntC_3-SeACS←PrGPD-PrTefInt→YlACL1 pERG11::pSQS1 IntD_1-IDI1←PrGPD-PrTefInt→ERG20(F88W-N119W)
	ST9148
	pCfB8857
	pCfB8824
	(Arnesen et al., 2020).

	BYa3105
	MATa ku70∆::PrTEF1→Cas9-TTef12::PrGPD→DsdA-TLip2 IntC_2-HMG1←PrGPD-PrTefInt→ERG12 IntC_3-SeACS←PrGPD-PrTefInt→YlACL1 pERG11::pSQS1 IntD_1-IDI1←PrGPD-PrTefInt→ERG20(F88W-N119W) IntE_1::hp4d→crGES-TLip2
	ST9202
	pCfB6633
	pUC57_crGES
	This study









Supplementary Information S1. Annotated hp4d-crGES-TLip2 cassette with IntE_1 homology arms and gRNA sequence targeting IntE_1
>IntE_1 upstream homology arm (477-974)
GATATGGTGTAACAATGATAAACCAAGGCCCATTGATTGAGACGGAGATATTTTCGGCGTGTCTAGGGTGTCTACTTGTGCACCGGAACATGGAAGATCGTGCGCTGTTCACTTGCAACAGAAGGCTAACGAGAGAAACTGGGCCAACCCGTCTATGCTCTTCATGCTACTCAATCTATTCAAAATACGCCAGTGCTCCCCTTGCCTTATACACAGGCTCTTCACTCACATCTTGACCATCTTGGATGTGGGTACTGTAGCTCCTGGGAACCAGTCGTGCGGGAGCATGAGAACCACGTCGAAGAAGATGGTGACCCAGGAAAGCAAAAACTTGGGCACATTCTTGTAGATACCCTGACCTGTCGTGGTCGAAGATACCGTCGAAAACCAGCTGTCCCATTGACAGAAACCCTCCTCCTGTATCTAGCAGAACGCTGGCAATAGAAAAGCCATTAGTGGACTTTCGCGTGTAGTTCGACGCAGCAGAGGATAGTGCTT
>hp4d promoter (975-1512)
GCATGCTGAGGTGTCTCACAAGTGCCGTGCAGTCCCGCCCCCACTTGCTTCTCTTTGTGTGTAGTGTACGTACATTATCGAGACCGTTGTTCCCGCCCACCTCGATCCGGCATGCTGAGGTGTCTCACAAGTGCCGTGCAGTCCCGCCCCCACTTGCTTCTCTTTGTGTGTAGTGTACGTACATTATCGAGACCGTTGTTCCCGCCCACCTCGATCCGGCATGCTGAGGTGTCTCACAAGTGCCGTGCAGTCCCGCCCCCACTTGCTTCTCTTTGTGTGTAGTGTACGTACATTATCGAGACCGTTGTTCCCGCCCACCTCGATCCGGCATGCTGAGGTGTCTCACAAGTGCCGTGCAGTCCCGCCCCCACTTGCTTCTCTTTGTGTGTAGTGTACGTACATTATCGAGACCGTTGTTCCCGCCCACCTCGATCCGGCATGCACTGATCACGGGCAAAAGTGCGTATATATACAAGAGCGTTTGCCAGCCACAGATTTTCACTCCACACACCACATCACACATACAACCACACACATC
>Truncated codon-optimized crGES (1517-3160)
ATGTCCTCTTCTTCTTCGTCCTCTTCCTCTATGTCTCTGCCCCTGGCTACCCCTCTGATCAAGGACAACGAGTCCCTGATCAAGTTCCTGCGACAGCCCCTGGTGCTGCCCCACGAGGTGGACGACTCTACCAAGCGACGAGAGCTGCTCGAGCGAACCCGAAAGGAACTCGAGCTGAACGCCGAGAAGCCCCTCGAGGCCCTGAAGATGATCGACATCATCCAGCGACTGGGCCTGTCTTACCACTTCGAGGACGACATCAACTCTATCCTGACCGGCTTCTCTAACATCTCTTCGCAGACCCACGAGGACCTGCTGACCGCCTCTCTGTGCTTCCGACTGCTGCGACACAACGGCCACAAGATCAACCCCGACATCTTCCAAAAGTTCATGGACAACAACGGCAAGTTCAAGGACTCTCTGAAGGACGACACCCTGGGCATGCTGTCTCTGTACGAGGCCTCTTACCTGGGCGCCAACGGTGAAGAGATCCTGATGGAAGCCCAAGAGTTCACCAAGACTCACCTGAAGAACTCGCTGCCCGCCATGGCTCCCTCGCTGTCTAAGAAGGTGTCTCAGGCCCTGGAACAGCCCCGACACCGACGAATGCTGCGACTCGAGGCTCGACGATTCATCGAGGAATACGGCGCCGAGAACGATCACAACCCTGACCTGCTGGAACTGGCCAAGCTGGACTACAACAAGGTGCAGTCTCTGCACCAGATGGAACTGTCTGAGATCACCCGATGGTGGAAGCAGCTGGGCCTCGTGGACAAGCTGACTTTCGCCCGAGATCGACCCCTCGAGTGCTTCCTGTGGACCGTGGGACTGCTGCCCGAGCCTAAGTACTCTGGCTGCCGAATCGAGCTGGCCAAGACCATTGCCATCCTGCTGGTGATCGACGACATTTTCGACACCCACGGCACCCTGGACGAGCTGCTGCTGTTCACCAACGCCATCAAGAGATGGGACCTCGAGGCTATGGAAGATCTGCCCGAGTACATGCGAATCTGCTACATGGCCCTGTACAACACCACCAACGAGATCTGTTACAAGGTGCTGAAGGAAAACGGCTGGTCTGTTCTGCCCTACCTGAAGGCCACCTGGATCGACATGATCGAGGGCTTCATGGTCGAGGCCGAGTGGTTCAACTCTGACTACGTGCCCAACATGGAAGAATACGTCGAGAACGGCGTGCGAACCGCCGGCTCTTACATGGCTCTGGTGCACCTGTTCTTTCTGATCGGCCAGGGCGTGACCGAGGACAACGTGAAGCTGCTGATCAAGCCCTATCCTAAGCTGTTCTCTTCTTCCGGCCGAATCCTCCGACTGTGGGACGACCTGGGCACCGCCAAGGAAGAACAAGAGCGAGGCGACCTGGCCTCTTCTATCCAGCTGTTCATGCGAGAGAAGGAAATCAAGTCTGAGGAAGAAGGCCGAAAGGGCATCCTCGAGATCATCGAGAACCTGTGGAAGGAACTGAACGGCGAGCTGGTGTACCGAGAGGAAATGCCTCTGGCCATCATCAAGACCGCCTTCAACATGGCCCGAGCTTCTCAGGTGGTGTACCAGCACGAGGAAGATACCTACTTCTCTTCTGTGGACAACTACGTGAAGGCCCTGTTCTTCACCCCTTGCTTCTAA
>TLip2 terminator (3162-4097)
CTTCTGTTCGGAATCAACCTCAAGGTTAACGGCCACGATCCCCTCGTTGTTACTCTTGGTCAGCCCATTGTCGGTAACGCTGGCTTTGCTAACTGGGTCGATAAACTCTTCTTTGGCCAGGAGAACCCCGATGTCTCCAAGGTGTCCAAAGACCGAAAGCTCTACCGAATCACCCACCGAGGAGATATCGTCCCTCAAGTGCCCTTCTGGGACGGTTACCAGCACTGCTCTGGTGAGGTCTTTATTGACTGGCCCCTGATCCACCCTCCTCTCTCCAACGTTGTCATGTGCCAGGGCCAGAGCAATAAACAGTGCTCTGCCGGTAACACTCTGCTCCAGCAGGTCAATGTGATTGGAAACCATCTGCAGTACTTCGTCACCGAGGGTGTCTGTGGTATCTAAGCTATTTATCACTCTTTACAACTTCTACCTCAACTATCTACTTTAATAAATGAATATCGTTTATTCTCTATGATTACTGTATATGCGTTCCTCTAAGACAAATCGAAACCAGCATGCGATCGAATGGCATACAAAAGTTTCTTCCGAAGTTGATCAATGTCCTGATAGTCAGGCAGCTTGAGAAGATTGACACAGGTGGAGGCCGTAGGGAACCGATCAACCTGTCTACCAGCGTTACGAATGGCAAATGACGGGTTCAAAGCCTTGAATCCTTGCAATGGTGCCTTGGATACTGATGTCACAAACTTAAGAAGCAGCCGCTTGTCCTCTTCCTCGAAACTCTCAAACACAGTCCAGAAGTCCTTTATAGTTTGATCTGTATCCAGATAGCCTCCGTAATTGGTGTGTGTCTTCAAATCCCAGACGTCCACATTGGCATGTCCTCCACTGATAAGCATTTGAAGTTCATCTGCGTTGAACATTGAGACCCACGAAGGGTCAATGAGCTGGTATAGACCGCCCAAGAATGCATCTG
>IntE_1 downstream homology arm (4098-4561)
TGTCGAAATACAACAGCCAGTCCTCCACGATCCAGCTCAGATAGCCCTGGGTGTTGAGATAGAGACAAGTCGAGCGAGATGTTCTCAGTGGACTTGAGTTTGATGTTGTGAAAGATGGTTGGATTGAGAGCACAACTCCATAGAACATAGTAGTCTCAGTCCATGAGCTAGGAGAGAATCTCCAGTGCTGATGTCATTTGAAGAAGAAGAGGAAGAAGAAGACAGATAGATCAACTCAGCCCCTTCCAGTTGCCGTACAATGACTCAACCAAATACGTTCAAGCCTGCTTTCAAGCCTGCGTGCTCTTTCTGTCTCATTAGTTGAACGTAGATCATCTGAGAGAACTTGGCAGACCGTGCAAACACAAGGGCGAGACTGATAGGACACTTGATCTGATCCAAAATTTGACAGAGGAAAACTAGTTTTGAAGTTACTGAACGTTTCTTCTCCAATTGCTTCTAAC
> gRNA
ACAAGCATACAGCCCTCGGG
Supplementary Table S2. Primers used for PCR confirmation of hp4d-crGES cassette integration.
	Primer name and orientation
	Sequence (5’→3’)
	Description
	Source

	PR-14442  (Forward)

	agttgtgaccaagacaaatg
	Upstream of IntE_1 upper homology arm
	(HOLKENBRINK et al., 2018)


	PR-InDFor (Forward)

	gtcaatgagctggtatagac
	TLip2 Terminator
	This work

	PR-InDRev (Reverse)
	caaggtggtctttacaatgc
	Downstream of IntE_1 lower homology arm
	This work




Supplementary Figure S1. Donor and gRNA plasmids used for IntE_1-targeted integration of the hp4d-crGES cassette. (a) pUC57_crGES donor plasmid carrying the hp4d-crGES-TLip2 cassette flanked by IntE_1 homology arms. (b) pCfB6633 CRISPR-Cas9/sgRNA plasmid targeting the IntE_1 locus.
[image: The image appears to be a schematic representation of a plasmid map, detailing various restriction enzyme sites, gene sequences, and promoter regions. It includes multiple fragments such as M13 fwd, lac promoter, pUC ori, and several gene annotations like Cen1, Tcyc Oriinal location, and specific gRNA.

AI-generated content may be incorrect.]







Supplementary Figure S2. PCR confirmation of cassette integration using primers PR-InDFor and PR-InDRev. BYa3105 showed the expected 666 bp amplicon for hp4d-crGES, while ST9250 (pfLS) was used as a positive control, with an expected amplicon of 677 bp. No amplification was expected for ST9202 (negative control), as it lacks the integrated cassette containing the corresponding primer-binding region.
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Supplementary Figure S3. Flow cytometry analysis of W29, ST9202, and BYa3105 after 48 h of cultivation. Distributions of (a) forward scatter area (FSC-A), used as a proxy for cell size, and (b) side scatter area (SSC-A), associated with intracellular structural complexity. A total of 30,000 events were acquired per sample, and the same gating strategy was applied across strains.
[image: The image appears to be a scatter plot or dot plot with two axes, one for counts (presumably cell counts) and another for fluorescence intensity, labeled with different markers for different samples or conditions (e.g., W29, ST9202, BYa3105). The counts range from 0 to 600 (x 10^3), and the fluorescence intensity ranges from 0 to 500 (x 10^3), with different data points plotted for each condition.

AI-generated content may be incorrect.]



[image: The diagram illustrates the relationship between the concentration of a substance (ODmax) and time, with different values plotted for different samples (W29, ST9202).

AI-generated content may be incorrect.]Supplementary Figure S4. Growth kinetics of Y. lipolytica W29, ST9202, and BYa3105.













Supplementary Figure S5. Geraniol stability in the abiotic YPD–isopropyl myristate control. GC–MS TIC chromatograms without cells, at (a) 0 h and (b) 72 h. Geraniol remained stable during incubation.
[image: The image displays a chromatogram with two peaks, one at 4,540,031 and the other at 4,945,635, indicating the presence of Geraniol at concentrations of 16.705 and 16.732, respectively.

AI-generated content may be incorrect.]









Supplementary Figure S6. Appearance of geraniol-derived compounds during BYA3105 cultivation. GC–MS TIC chromatograms of Y. lipolytica BYA3105 cultures at (A) 24 h, (B) 48 h, and (C) 52 h.
[image: The image depicts a chromatogram with peaks representing different compounds (Geraniol, Nerol, Citral) and their respective retention times (minutes).

AI-generated content may be incorrect.]
image3.png




image4.png
Count

w29
50 [[]sT9202
[ vasios
40
30
204
10
0 T T T
100 200 300 400 500
(x 103)
FSC-A

b)

Count

Jw2e
[[]sTo202

60 [ Bvasios
40

20+

0 T T T T T

100 200 300 400 500 600
(x 10%)

SSC-A




image5.png
In(x)

pmax  ODmax

A W20 053 453

—® ST9202 047 33.5

—B— BYA 0.49 253

10 20 30 40 50
Time (h™)




image6.png
TIC

SOL'91/101ueldn

ST N.MN\Em—Nﬂ

4,540,031

7

26.0

20.0

10.0

min
TIC

b)

CEL 91/I0MuRIaD

01T ST/NAI=

4,945,635

26.0

min




image7.png
TIC

26.0

Q Y
£ E E
S8 ©
o
N
6F1'STNAI—=1
=3
S
N
WYL
1LE91/10me00 LOE9I/IONERD g0l omery  CSYLI/IEND
s
- r £9L'H1/109N: .
EELP1/I0IN-—=X | €9LYT/10IN
=3
I 4g
% L “ |
e 2 :
%3 o k3
g 2 :
s %) 5
~
~
< = 3y




image1.png
(6267) Xbal  Notl (2)
Puut (308) /
EcoRY (431)

(6233) Smal
(6231) Xmal._
HindTIl (471)

(6045 . 5067) pENTR R
(6023 . 6042) Kan-R
)@ (5937) Bsphl

R promoter 5652 . 5671) Amp-R—
SR PTOTOLETpgy ¢ ) Amp

Hindlll (375)
\ @75)

(Pr-Exp1YL Oriinal location: 122..1123)
&

Nher (762
_Nher (762

- Hindl (159)
\ (a586) BspHI Xval (1358)
e
EX0)
A=) Hnert 570
_ PUCS7_crGES 3
% 01 bp H cvet (u7e3 . 1731)
3 F (4399 . 418) pBR3220ri-F — Teye Orinallocation: 16971929
43 (4145 . 4165) La440 Xhol (1926)
)
sy vl h (4033 . 4050) M13 Forvward —
£
N
(a562) HinarTt o,

ko oo
QN
(3678) EcoRV - —~ : g
3seo) inetl Jir

e xbar 2130)
FRT (minimal

Puul (2275)

BspHI (2285)
BamHI (2431)

Pot promoter + 50bp Oriinal location: 1939..2924)
|\ Hean Gses)
L xnol (2o0s)
‘ - e vt | o
! Pr-iRNA-Gly Oriinal location: 3162..3371) Hinell (3011)
EcoRV (3346)





image2.png




