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Fig. 1 The intermediate germacrene A can be converted into various products and
their bioactivity. The sesquiterpenes and sesquiterpene lactone derived from
germacrene A are :1, B-elemene; 2, 6-guaiene; 3, bulnesol; 4, pogostol; 5, patchoulol;

6, germacranolide; 7, parthenolide; 8, costunolide. Fig. S1 was created by Figdraw.



&
0
2
[=]
g 2 g
3% g fs g
% 9 5 4% ¢ 35 8 ¢ g F 2
o PR v 33 2 7 8
%% Yt s Eizif 47 S8
e B B & 82 4058 52 & §¢§
ERA % %tz § EIEsE = g g
%2 B9 g% T enefs RF &L
;) Z 2 %<mm-—lﬂ=
[ g -8
W% bty 118FiC
Q 5 5
0By 2 % %3 8 BEoEX
S, %, % 2% & 0% @3ax
o % %5’ ’%‘3'@. 8z 2%
% %95 2 8 ° 33 ¥
% 5 TH &
: g% 53
%
3

79,1 Strepto o

i iia604 1 Steptomyces 0. ADIS22
~. N ” g RPKT0868.1 Streptomyoes sp. ADI9S-17

""’13941941% - N \ =

o, )

D 483351 Hypg Dnﬂ:wnn gy
TB14322.1 Daldiniy es;hs&iﬁf& =
KAI2782306.1 Daldima loculata

TD265834.1 Colletotrichum ol
KUisag7g 3
L Valsa mali vy

/ OTB07g,,
f 072 4.1 Hy,
/ Kaf0024 uﬂ: % 5. Cigy
"'484;5351 u,,,;:n”sﬂ &
2 gy, Nolyy
i P

s
ol

AGDE0135 1 Achillea in
7.1 Chamagmelut
AMNEOOST L ORI ol
AEHALBA T e it
o3t Tas creiomida )
M ettty

—
0.50

i

HTEAGYE!
:ngf?%
%x‘ =
oY
;{’0
PV
ﬂ."&h 2
S
S R
S
&
ff%

(RSN

AN .
< Bacteria :%ﬁf;&;%%gs %ﬁ% %
FELE (OLEL
<> Red algae i3t %%D:%g S %,
Fungi AR %%%% %

> Plant

Snufioas “Jen sninoun
snof

Fig. 2 Construction of a phylogenetic tree, exhibiting the evolution of germacrene
A synthases. The enzyme sequences were download from NCBI or Uniport. The
germacrene A synthases originating from bacteria, red algae, fungi and plant are shown

in grayish, pink, light blue and reseda, respectively.
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Fig. 3 GC-MS analysis of shake flask fermentation products in strains expressing
dIGAS, deGAS, IsGAS and hsGAS. GC-MS profiles show the same retention time

(17.5 minutes) as the B-elemene standard.



dIGAS deGAS ISGAS

Structure ID Pocket Volume (A3)
dIGAS 624.9

deGS 757.1

IsGAS 1617.8

Fig. 4 Computational analysis of the active cavities of dIGAS, deGAS and IsGAS.
(A) Protein models of GASs predicted using Alphafold2®. (B) The volume of cavities

calculated by CAVER Analyst 2.0°.
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Fig. 5 Engineering the downstream mevalonate pathway to improve germacrene
A production. (4) Schematic illustration of the enhanced conversion of mevalonate to
IPP. (B) Effects of increasing downstream mevalonate pathway on the biomass of
engineered strains. MVA, mevalonate; MVAP, 5-phosphomevalonate; MVAPP, 5-
diphosphomevalonate; IPP, isopentenyl diphosphate. (C) gqRT-PCR analysis of MVA
pathway gene transcription levels of engineered strains YLLQ16 and YLLQ47. Error
bars correspond to the SD of the mean (n = 3, corresponding to triplicate biological

replicates).
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Fig. 6 Germacrene A production for the ERG10-engineered strain (YLLQ71)
based on strain YLLQG60. Error bars correspond to the SD of the mean (n = 3,

corresponding to triplicate biological replicates).
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Fig. 7 Alignment of ACClp amino acid sequences from Y. lipolytica and S.
cerevisiae. BLAST analysis of the amino acid sequences was performed with Clustal W
and the final format was generated with DNAMAN. Homologous residues are
highlighted in deep blue, the brown frames represent the mutated sites and the red

arrows represent the phosphorylation sites>*.
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ACC151178D - + - + + - -
ACC151178€ - - + - - + +
FAA1 - - - + - + -
TGL4 - - - - + - +

Fig. 8 Quantification of acetyl-CoA levels in engineered strains cultured for 24 h.
Error bars correspond to the SD of the mean (n = 3, corresponding to triplicate

biological replicates).



Supplementary Tables

Table 1. Plasmids and gRNAs used in this study.

Name Description Resource
Plasmids

pCfB3405 CEN1, AmpR, Pexpi-Nat-Teyc 5

gRNAs

Int_C2 gctcatcggaaagaactcct 5

Int_C3 aatagtgctatggctttggg 5

Int_D1 gcagacgcagacggagactg 5

Int_ E1 acaagcatacagccctcggg 5

Int_E3 ccttgaatcagtcgatggtce 5

Phme1 acgaaggccacgaaatcaag This study
Pion agatggagaaatgataccaa This study
Percis tgcacggtgtgacgtcggag This study
Perc12 taaagttggaagaggacagg This study
Percs tatagggagatttacttatg This study
Perc19 tggtgtgattagtgtttggg This study
Perco actaacaagtacagttggga This study
Percio tgtgacgtgagtgagagaga This study
ACC15%67 ggagttagacctctttctga This study
ACC151178 ggtgtacgaaaagtcggaga This study

10



Table 2. Engineered strains used in this study.

Strains Genotype or relevant characteristics Resource
w29 NRRL

ZG03 W29 Aku70::Cas9, AURA3 This study
YLLQO1 ZG03 Int_C2::Prerin-neGAS-Tiip2 This study
YLLQO2 ZGO03 Int_C2::Perin-SPGAS-Tiip This study
YLLQO3 ZG03 Int_C2::Prerin-ppGAS-Tiip2 This study
YLLQO4 ZGO03 Int_C2::Perin-hsGAS-Tiip This study
YLLQO5 ZGO03 Int_C2::Perin-CtGAS-Tiip2 This study
YLLQO6 ZG03 Int_C2::Prerin-dIGAS-Tiip2 This study
YLLQO7 ZG03 Int_C2::Perin-deGAS-Tiip2 This study
YLLQOS8 ZG03 Int_C2::Prerin-hIGAS-Tiip2 This study
YLLQO9 ZG03 Int_C2::Prerin-IsSGAS-Tiip2 This study
YLLQ16 ZGO03 Int_C2::Prerin-dIGAS-GGGGS-ERG20-Tiip2 This study
YLLQ17 ZGO03 Int_C2::Prerin-ERG20-GGGGS-dIGAS-Tiip2 This study
YLLQ18 ZGO03 Int_C2::Prerin-dIGAS-TIip2, Prerin-ERG20-Tiip2 This study
YLLQ22 YLLQ16 HMG1(-215, 3)::Prerin This study
YLLQ26 YLLQ22 IDI1(-216, 3)::Prerin This study
YLLQ32 YLLQ26 ERG13(-194, 3)::P+erin This study
YLLQ35 YLLQ32 ERG12(-84, 3)::P+erin This study
YLLQ41 YLLQ35 ERG8(-61, 3)::Pcprp This study
YLLQ47 YLLQ41 ERG19(-52, 0)::Pcpp This study
YLLQ52 YLLQ47 ERG9(-499, 0)::Perag_sobp This study
YLLQ58 YLLQ52 Int_C3::Prerin-dIGAS-Tpexoo This study
YLLQ59 YLLQ58 Int_D1::Prerin-dIGAS-Teye1 This study
YLLQ60 YLLQ59 Int_E1::Prerin-dIGAS-Teye1 This study
YLLQ61 YLLQG60 Int_E3::Prerin-dIGAS-Tiip2 This study
YLLQ71 YLLQ60 ERG10(-87, 3)::Prerin This study
YLLQ86 YLLQ60 ACC15667D This study
YLLQ87 YLLQG60 ACC156678 This study
YLLQ88 YLLQG60 ACC15178D This study
YLLQ89 YLLQ60 ACC15!1788 This study
YLLQ90 YLLQG60 Int_E3::Pexpi-MFE1-Tpexao This study
YLLQ91 YLLQ60 Int_E3::Pexp1-FAAL-Tpexoo This study
YLLQ92 YLLQ60 Int_E3::Pexp1-PEX10-Tpexoo This study
YLLQ93 YLLQG60 Int_E3::Pexp1-POT1-Tpexoo This study
YLLQ94 YLLQG60 Int_E3::Pexp1-TGLA-Tpex20 This study
YLLQ9S YLLQ88 Int_E3::Pexp1-FAAL-Tpex2o This study
YLLQ96 YLLQ88 Int_E3::Pexp1-TGLA-Tpex20 This study
YLLQ97 YLLQ89 Int_E3::Pexp1-FAAL-Tpex20 This study
YLLQ98 YLLQ89 Int_E3::Pexp1-TGLA-Tpex2o This study
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Table 3. List of primers and PCR fragments used in this work.

Overlap PCR

No.
fragment

PCR
fragment

Primer name

Sequence (5°-3%)

For evaluating the efficiency of GASs

1 |nt_C2-PTE|:in-
|SGAS-T|ip2

9 Int_C2-Prerin-
hIGAS-Tiip2

3 |nt_C2-PTE|:in-
dEGAS-Tnpz

4 |nt_C2-PTE|:in-
d|GAS—T|ip2

5 Int_C2-Prerin-
CtGAS-Tnpz

6 |nt_C2-PTE|:in-
hSGAS-Tnpz

7 |nt_C2-PTE|:in-
ppGAS-Tnpz

Int_C2-up?

Int_C2-dw?

PreFin®

Tiip2?

ISGAS

hIGAS

deGAS

dIGAS

CtGAS

hsGAS

ppGAS

Int_C2-up-F
Int_C2-up-R

Int_C2-dw-F
Int_C2-dw-R
Prerin-F®
Prerin-R
Tiip2-F®

Tiip2-R

IsGAS-F

IsGAS-R

hIGAS-F

hIGAS-R

deGAS-F

deGAS-R

dIGAS-F

dIGAS-R

CtGAS-F

CtGAS-R

hsGAS-F

hsGAS-R

pPPGAS-F

12

aattcgacgacctgaacact
ccgecaacceggtctcaagegttgcacgttt
ccatctaagacctacatt
tctgagtggcctatacctcecgagtgtgeage
gcctgataaaaacgcectgte
gagaccgggttggcggegta
ctgcggttagtactgcaaaaagtge
cttctgttcggaatcaacctc
aggtataggccactcagatgcattcttgggce
ggtc
ttgcagtactaaccgcaggceegecgtggac
accaacgc
gttgattccgaacagaagttacatagacaca
gagccca
ttgcagtactaaccgcagtctactcagatctt
cgecete
gttgattccgaacagaagttaggggatggg
gtggatca
ttgcagtactaaccgcagcgacccatcacct
gttctttc
gttgattccgaacagaagttagatgcccttca
gagagg
ttgcagtactaaccgcagcgacccatcacct
gttctttc
gttgattccgaacagaagttagatgcccttca
gagagyg
ttgcagtactaaccgcagggctctcagatee
tggagce
gttgattccgaacagaagttacagcaccata
gacagag
ttgcagtactaaccgcagatgcgaaccace
ctgctgeg
gttgattccgaacagaagttacagcacgata
gacagagagc
ttgcagtactaaccgcaggtgcaagtggec
gaggeegt



For fusing dIGAS and ERG20

10

11

12

Int_C2-Prerin-
SpGAS-Tnpz

Int_C2-Prerin-
neGAS-Tnpz

|nt_C2-PTE|:in-
dIGAS(GGGGS)
ERG20-Tiipz

|nt_C2-PTE|:in-
ERG20(GGGGS)
d|GAS-T|ip2

Int_C2-Prerin-
dIGAS-Tipe-
Prerin-ERG20-
Tiip2

SpGAS

neGAS

dIGAS-
GGGGS

GGGGS-
ERG20

ERG20-
GGGGS

GGGGS-
dIGAS

ERG20

ppGAS-R

SpGAS-F

SpGAS-R

neGAS-F

neGAS-R

dIGAS-GGGGS-F

dIGAS-GGGGS-R

GGGGS-ERG20-F

GGGGS-ERG20-R

ERG20-GGGGS-F

ERG20-GGGGS-R

GGGGS-dIGAS-F

GGGGS-dIGAS-R

ERG20-F

ERG20-R

For enhancing the flux of germacrene A synthetic route

13

14

Int-Prerin-H MG1

Int-Pterin-1DI1

Prme1-up

Prerin-HMG1

Pume1-dw

Pipiz-up

Pume1-up-F
Pume1-up-R

Prerin-HMG1-F
Prerin-HMGL1-R

Pumei-dw-F

Phme1-dw-R
Pipiz-up-F
Pipiz-up-R

13

gttgattccgaacagaagttactccttagagtt
gtatcgggc
ttgcagtactaaccgcagcccgacatcttee
acccctt
gttgattccgaacagaagttactgatccacct
tcatcagag
ttgcagtactaaccgcagacccgacgaatc
gcegcecte
gttgattccgaacagaagttatcgcacggeg
ccgecegt

gcagtactaaccgcagcgacccatcaccty
ttctttc
ggacatagaaccaccaccaccgatgecctt
cagagagggc
gotggtogtggttctatgtccaaggegaaatt
cga
gttgattccgaacagaagctacttctgtegctt
gtaaatc
ttgcagtactaaccgcagtccaaggcgaaat
tcgaaagc
tcgcatagaaccaccaccacccttctgtcge
ttgtaaatc
gotggtggtggttctatgcgacceatcacct
gttc
gttgattccgaacagaagttagatgcccttca
gagagg
ttgcagtactaaccgcagtccaaggcgaaat
tcgaaag
tgattccgaacagaagctacttctgtegettgt
aaatc

cgcgacaggtggatcgaatc
ccgecaacceggtctegatttegtggectte
gtggtc

aatcgagaccgggttggcggegt
gtagctgcggttagtactgcaaaaagtgce
ttttgcagtactaaccgcagctacaagcagct
attggaaagattg
gatggccttgcaacctege
gatgagagttgagagaggge
attttcacctacgatttccac



15

16

17

18

19

Int-Prerin-ERG13

Int-Pterin-ERG12

Int-Pepo-ERG8

Int-Perp-ERG19

Truncated-Pgrco-

50bp

Prerin-1DI1

Pipiz-dw

Perc13-UP

Prerin-ERG13

Perc1z-dw

PerG12-UP

Prerin-ERG12

Perc12-dw

Percs-up

Pero-ERG8

Percs-dw

PerG19-UP

Pero-ERG19

Pera1o-dw

PerGo-500p-UP

Perco-500p-dW

Prerin-1DI1-F
Prerin-IDI1-R
P|D|1-dW-F

P|D|1-dW-R

Perc13-Up-F
Perc13-Up-R

Prerin-ERG13-F
Prerin-ERG13-R

Perc1z-dw-F

Perc1z-dw-R

Perc12-up-F
Pere12-Up-R

Prerin-ERG12-F
Prerin-ERG12-R

Perc12-dw-F

Perc12-Up-R
Peres-up-F

Peres-Up-R

Perp-ERG8-F
Perp-ERG8-R

Percs-dw-F

Peres-dw-R

Perc1e-Up-F
Perc1o-Up-R

Pero-ERG19-F
Pepo-ERG19-R

Percio-dw-F

Pere1e-dw-R
Perco-s0np-Up-F

Peraca-sobp-Up-R

Perco-so0p-dw-F

14

gaaatcgtaggtgaaaatgagaccgggttg
gcggegta
cgtctgcggttagtactgcaaaaagtgce
ttgcagtactaaccgcagacgacgtcttaca
gcgac

tggccggtatcaattggtge
cctcggcattttgactcacaagttc
caaatacgccgccaacceggtetcgagtgg
tgacatgaacaaggc
ctcgagaccgggttggcggeg
cgactgcggttagtactgcaaaaagt
cactttttgcagtactaaccgcagtcgcaacc
ccagaacgttgg
ctgcttgatctcgtactttcgtcg
aggtcgctttttggtattggtgttg
cgccgecaacceggtetcgacaggaggaa
acctgtggtgta
gagaccgggttggcggegtat
gtcctgeggttagtactgcaaaaa
ttgcagtactaaccgcaggactacatcatttc
ggcgecagge
ttctecttcegtecgacttgtgete
ttctecttccgtecgacttgtgete
aggacatcctactgcgtcttaaggttggtgtt
ccagag

ttaagacgcagtaggatgtcctgc
tcattgttgatgtgtgtttaattc
attaaacacacatcaacaatgatcttcgaccg
getette

tgtgatttgctcttcatgge
catgataaaggctccgattc
aggacatcctactgcgtetgggtggtgtaac
cttttttttc
ccagacgcagtaggatgtectge
cattgttgatgtgtgtttaattc
attaaacacacatcaacaatgatccaccagg
cctecac

cactccactcacaagacctc
gttgtcgatataggctgagc
atattagcaacacgatctac
agatcgtgttgctaatatggacacaaactcg
ctigttc



20 Int-Prerin-ERG10

Percio-Up

Prerin-ERG10

Pera1o-dw

For optimizing copy numbers of dIGAS

Int_C3-Prerin-
dIGAS'TpexZO

Int_D1-Prefin-
dIGAS-Tcyer

Int_E1-Prerin-
dIGAS-Tcyer

Int_C3-up

C3-Prerin

C3-dIGAS

C3'Tpex20'

Int_C3

Int_D1-up

D1-PreFin

D1-dIGAS

Tever

Int_D1-dw

Int_E1-up

E1-Prerin

Perco-so0p-dwW-R

Percio-up-F
Percio-Up-R

Prerin-ERG10-F
Prerin-ERG10-R

Peraio-dw-F

Perc1o-Up-R

Int_C3-up-F

Int_C3-up-R
C3-Prerin-F
C3-Prerin-R

C3-dIGAS-F

C3-dIGAS-R

Tpex20'F
TpEXZO'R
Int_C3-dw-F

Int_C3-dw-R

Int_D1-up-F

Int_D1-up-R
D1-Prerin-F

D1-Prerin-R

D1-dIGAS-F

D1-dIGAS-R
D1-Tcyei-F
D1-Tcyci-R
Int_D1-dw-F

Int_D1-dw-R

Int_E1-up-F

Int_E1-up-R
E1-Prerin-F

15

cgaaaatctctcggggtgac
ccacctgcgaaatcatgatc
caaatacgccgccaacceggtctcagagg
gaacacgacgatgatc
ctctgagaccgggttggeggegta
gctectgeggttagtactgcaaaaagtge
cactttttgcagtactaaccgcaggagcccy
tctacattgtttctactge
cagaccgtctcgctggatac

cattcatgttagttgcgttacagtgtctatcaa
c

aggaaaggagaactgaggtc
ggcgagaccgggttggcggegta
gtcgctgcggttagtactgcaaaaagtge
tttgcagtactaaccgcagcgacccatcacc
tgttctttcg
acttccccatccacacttttagatgeccttcag
agagg

aaaagtgtggatggggaagtga
gtaacgcaactaacatgaatgaatac
gtgtatcatatcgcaccaac
cgccgcecaacccggtetcgecatagcacta
ttgtagag
aaggttttgggacgctcggacattgctctaac
actctg

tgaattgagcagcttggtac
cagagagaccgggttggcggcegta
gtcgctgecggttagtactgcaaaaagtgcetg
gtc
cactttttgcagtactaaccgcagcgacccat
cacctgttctttc
attacatgattagatgcccttcagagagg
ggcatctaatcatgtaattagttatgtca
gtccgagcegtcccaaaaccttcte
tctttcttcccecacacatce
cgccgcecaacceggtctetetgegtetgcetg
tttgtgtc
gaaggttttgggacgctcgaagcactatect
ctgctgeg

gggggagctttaatgatgtc
gacacaagagaccgggttggeggegta



Int_E3-Prerin-
dIGAS-Tiip2

E1-dIGAS

El-Tcver

Int_El-dw

Int_E3-up

E3-Prerin

E3-dIGAS

E3-T|ip2

Int_E3-dw

For regulating lipids metabolism

25

26

27

ACCl8667D

ACC156G7E

ACClSll78D

S667D-up

S667D-dw

S667E-up

S667E-dw

$1178D-up

S1178D-dw

E1-Prerin-R

E1-dIGAS-F
E1-dIGAS-R
El-Teyer-F

El-Tever-R
Int_E1-dw-F

Int_El-dw-R
Int_E3-up-F

Int_E3-up-R

E3-Prerin-F

E3-Prerin-R

E3-dIGAS-F

E3-dIGAS-R

E3-Tiip2-F
E3-Tip2-R
Int_E3-dw-F

Int_E3-dw-R

S667-up-F
S667D-up-R

S667D-dw-F
S667-dw-R
S667-up-F

S667E-up-R

S667E-dw-F
S667-dw-R
S1178-up-F

S1178D-up-R

S1178D-dw-F

16

gtcgctgeggttagtactgcaaaaagtgcty
gtc
tttgcagtactaaccgcagcgacccatcacce
tgttctttcgac
attacatgattagatgcccttcagagaggge
gggcatctaatcatgtaattagttatgtcacge
t

gtgcttcgagegtcccaaaaccttctca
ccgtcttectctacagattc
cgccgecaacceggtetcttgtgtcgaaata
caacagc

ccaatggtgatcgcgtattc
cgccgecaacceggtetetgtttgatgtetty
agtttg
caaacagagaccgggttggcggegta
tgggtcgcetgeggttagtactgcaaaaagty
cty
tttgcagtactaaccgcagcgacceatcace
tgttctttcgac
ttccgaacagaagttagatgcccttcagaga
gggc
ctgaagggcatctaacttctgttcggaatcaa
ccte
gtgccagacagatgcattcttgggeggte
cgcccaagaatgceatctgtctggcacagaa
atgaccac

gagaatagcaacgaggtctc

taaccctcacaccaccactc
ccaccgtcgtcaagaggtctaactccaatgt
g
gacctcttgacgacggtggtattctgtgtct
agagaagacacctgatgagc

As above
ccaccgtcctcaagaggtctaactccaatgt
g
gacctcttgaggacggtggtattctgtgtct
As above
gagtcggagccaagaacaac
tcggagacgtcatcagctcgagacaccgag
g
gagctgatgacgtctccgacttttcgtacac



28

29

30

31

32

33

ACClSlHSE

Int_E3-Pexp1-
M FEl'TpexZO

Int_E3-Pexp1-
FAAl'TpexZO

|nt_E3-PExp1-
POTl'TpexZO

Int_E3-Pexp1-
PEXlO'TpexZO

Int_E3-Pexp1-
TG L4'Tpex20

S1178E-up

S1178E-dw

Int_E3-AC-
up®

Pexp1®

Eg'TpexzoC

Int_E3-AC-
dwe

MFE1

FAAL

POT1

PEX10

TGL4

$1178-dw-R
S$1178-up-F

S1178E-up-R

S1178E-dw-F
$1178-dw-R
Int_E3-AC-up-F
Int_E3-AC-up-R
Pexp1-F

Pexp1-R
E3-Tpeco-F

E3'Tpex20'R

Int_E3-AC-dw-F
Int_E3-AC-dw-R

MFE1-F

MFE1-R

FAAL-F

FAA1-R

POT1-F

POT1-R

PEX10-F

PEX10-R

TGL4-F

TGL4-R

acgtggatgtttcggttgtc

As above
tcggagacctcatcagctcgagacaccgag
g
gagctgatgaggtctccgacttttcgtacac
As above
tagttgcgttgtttgatgtcttgagtttgagg
taacttttttcgtgactctgttctc
aaggccactaaggagtttggegececgttt
tgctgtagatatgtcttgtgtg
aagtgtggatggggaagtgag
catcaaacaacgcaactaacatgaatgaata
c

aaactccttagtggccttctggcacagaa
gtgaaggaaatgcctaaaacctg
caagacatatctacagcaatgtctggagaac
taagatacgac
acttccccatccacacttttagagcttagcatce
cttggg
caagacatatctacagcaatggtcggataca
caatttcc
acttccccatccacacttctaagactgetcgt
agcact
caagacatatctacagcaatggaccgactta
acaacctc
acttccccatccacacttttactcggcaacaa
ccagag
caagacatatctacagcaatgtggggaagtt
cacatgc
ttccccatccacacttttatctgataggcaaca
agttctgc
caagacatatctacagcaatgttcacctcca
gagtttcc
acttccccatccacacttttagcacgagtcag
aacagttc

2The common fragments used for evaluating the efficiency of GASs and fusing dIGAS and ERG20.

"Promoter and terminator sequence of gene XXX were represented by Pxxx and Txxx, respectively.

°The common fragments used for regulating lipids metabolism.
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Table 4. List of primers used for qPCR in this work.

PCR fragment Primer name Sequence (5°-3°)
gHMG-F catacctcgccatcctcgac
gHMG1
gHMG-R atgtgggtccaatcagcagg
ERG13-F ttgagggtcgatctt
JERG13 q ggtigagggtcgarctiggg
JERG13-R aatgagcatggcaacacagc
DI qIDI-F catgaacacggaaaaggccc
a gIDI-R atctgtgtggtgctggactg
ERG12-F ctcactaaggtccagcaggc
JERG12 q ggiccagceagg
gERG12-R atcttcgcacacagaagggg
ERG19-F cccctgatttcacccaggac
gERG19 a J %
gERG19-R cattttgtgtcgcagagccc
ERGS8-F accggctcttcaaacacgaa
gERGS a % J
gERGS8-R tgctgaatacgccggatcaa
ACT1-F tccaggccgtcctcteec
gACT1 a 9gceg
gACT1-R ggccagccatatcgagtcge
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Table 5. Synthetic GAS genes and endogenous DNA sequences used in this study.

Name Sequence (5°-3°)

neGAS atgacccgacgaatcgccgectcteccttctctgcccgagtggaggecatcgecaccacttctgeccccaaccgaactgat
cctagaggcagacctctggtggecgtgcccggacagectgctggectegetectgecgtggacgecactcagttegectct
tectetgtgtetcgacagcegaatcatgcagetgeccegactggagtgtecctatcagecctetgtgcacceegecgecgate
agatccacgagaacaccgtggagtgggceccaagecatgggcttcgeccgatctcagaagceacatcgacgecctgegaga
ctctcgagtgggcecacctgetggeccgaatettcccecgecaccgecgacatggtggecctgcaagtggecgtggactgga
ccaccctgttetgttgtctggacgaccgactggageagatccacggegecgtgetggtggecgectacctgegaaccctge
tgggcgtgttccgagacggegeccacceteagcetgatcgaceecttcgeccaagecttcggegacctgcgagagegaatg
ctggagctgcgagtgcccaactggatcccccgattctettettgtgtggagegactgttccaagecttcgtggacgaggeca
agtaccgagccgecggegtggtgeccgecttcgectcteactctcgaatccgacagatcaccgtgggectgtacaccgget
tcctgetgggegagetgaccgageacatcttectgeceecccgacgtgctggageacgagtcetgtgegagecctggagega
tctgcctctaccatcgtgggectggecaacgacatctacaccgtggagaaggagegagecaagggcegaggtgaacaaca
ccgtgetggtgctgatgcacgaggacggectgtctttcgacgacgcecctggeccgaaccgtgcagetgcacaacatcgag
atgcgagagttcgagcgactggtggecgacctgecctetttcgacgaggacatcgacgatcagcetgcgacgatacgtgea
agtgctgatccacttcatctctggccacgecgactgggeccgatctaccggecgatatcageeccceggegacggeggeg
ccgtgegataa

spGAS atgcccgacatcttccaccecttcecctaccgaatetetecctacgtggeccaageccgagageacctgaccgactggace
cgacgaatcggectgatcgagcgagaggecgeccgaaagegattcgecaaggecgacttcggetggttegecgecatgg
tgtaccccaccgecgacgecactcagetgaacctgatggecgactggttcgectggetgttectggtggacgatcagetgg
acgacggctctatcggecgatctcccgagcaageccgagacatcgtggacggaatgegagecgtectggagtetecega
ccatggcgcecgcetgecgctgcecgatagagacggecctgtggetgtetetgecctggecgacetetggetgagaaccgece
ctcacgccaccgccaactggcgaagacgattcgtgcageacctggacgactgtctgaccgtegecgecacttgggagge
cggcaaccgagtggccggeaccgtgeccgacgaggagacctacatcgagatgcgacgacacaccggegecatctacgt
gtgtatggacctgatcgacattgtggagagaatcgacatcccegactctctgtacgecgacgcteagttccgagecgecctg
gacgccgcectgtaacgtggtgtgttggaccaacgacgtgtactctctggccaaggagegagecctgggegaggtgcaca
acctggtgcacatcgtggagcaccaccgaggcctggatactcccggagecctggaccacgtgtgtgecgecacctctace
gagaccatgctgtttctggagaaggaacgagagctcctcgecgeccgaccegageatcacgceegtgetegtgectggect
ggccggcatgegaacctggatgegaggeaacctggactggtetcgatctaccaagegataccgacceegtggagggegac
gaggagatccgacccgacgagtacctggaggcctetctgatgaaggtggatcagtaa

PPGAS atggtgcaagtggccgaggcecgtgatcacctctgagaagegaatccacgagtctgaggagaaggacgeccgaccegee
ctgcgatgtgacctgtctgtgcaagtgcacceecacgaggacgacgecticcgagagaccetgaagtgggecacctettte
ggcctgattcageccggctctaaggectacgccaaggtgcagegageccgattetetatgetgatcgectctacctaceect
acgtgacccgagatcagctgcagcetgatgtetgacttcgecctgtggetgttcgectacgacgacgcectctgacaacctgaa
gatcatcaccgacacctctcgactggecgecctggtggagetggaggaccgaatgatcggectgetgcagaaccgacaa
ggcgtgtgtgtggecgageagtcttacgectgtetgcgagectgtaagacctggecegeccctcageccgtgctgaacate
atgttcgaggagtacggcaccgactgtgtgctgatcgagaccctgcaagacctgatggtgegattcacctcttgggectctg
aggcctggctggeccgatggactcageacatggaggagtacctgetggecacccgattcgagegatctttccacctgega
ggcgagaccatgacccccaacgagtacatcccccgacgaatggacttetctgeegtgaaccectgtetggacatgacegg
cgccttectgaagetggactgtgagatgcetgtctaacaacgcctgtatcgccgagetggagaagctgtgtaacaageacate
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hsGAS

CtGAS

dIGAS

tcttgggtgaacgacctgtacggcctgaagcgagacgtgtcetgacggeaccaactctaacctggtgcetgtgtatectgeace
acaccaagaacgccggcgccttcaccgtgcaagacgcctctgatatcgtggtgcagtctaccaacttegtgctggaggagt
tcgtggacctgtctgeccaagtgcecctgggectggagtettacgtgcacgecatggagttctggatgtetggcetetetgttet
ggcaccaagcctetgeccgatacaactctaaggagtaa
atgcgacccatcacctgttctttcgaccccgtgggcatctctttcaaggcecgagtctaagcaagagtctttcgagttcctgaag
gaggccgtgacceactctgtgeccggectggagaactgtaacgtgttcgaceecaactctetgggegtgecctggeccace
tctctgcccgecgetgeteagtgtaagtactggaaagaggcetgaggaggetgecgecgagctgatggatcagattgtggec
gctgeccccggagagceaaggctetetgecctetgagatggeegtgtettctaagaaggcecgccaagegacgagagetget
ggatacctctgtcgccgeccecatgaacatgttcccecgecgecaacgcecgeccgageccgaatcatggecaaggecaac
ctgctgatcttcatgcacgacgacgtgatcgagtctgagtctgtggagcaccccaccatcatcgactctgeectggecgaca
ccgecacceccaacggcaagggegtggagatectgtggcagaaccgaatcttcaaggagttctctgaggagaccaaccy
agaggaccccgtggtgggccccgtgttectgcaaggeatectgaactgggtgcagcacacccgagagaagetgecegge
tctatgaccttctcttctctgaacgagtacatcgactaccgaatcggegacttcgecgtggacttctgtgacgeegecctgatg
ctgacctgtgagatcttcctgaccecccgecgacatggageccctggecaagetgcaccgactgtacatgacceacttetete
tgaccaacgacctgtactcttacaacaaggagatcatggctcagcaagagaacggegecgcecgtgatcaacgeegtgega
gtgctggagctgctectggacactactcecccgagecgecaaggtggtgctgegagecttectgtgggacctggagetgea
gatcaacgaggagctgacccgactgtcttctgecggectgtetecctetcagtggegattcgeccgaggeatggtggaggt
gtgtgccggceaacctgttctactetgecacctgtetgegatacgecaageccggectgcgaggegtgtaa
atgggctctcagatcctggagectcagaccatggecgacatcctgegaggacagaccetgeacgtgeccgacctgetggg
catcttccgaggctggeccgtgatggecaacgeccactacaacgacatcgectetgtggtggagggegecttcgaccgact
gtgtaagtctcccaccatgcgagagaagtaccgacgagcecaactacgeccgattegtgtetetgtactacceccaccccaa
ctgggaccgaatccccaccctggecctgtacatcacctggcetgttetgttgggacgacgccatcgatcagcaaggctctaag
ctgtcttctaacctgctgcacgctcagtctaaccgageccacaccctgcgagtgctggageaagtgetgaacatcgeeeect
tcgccaactctctggtggagtacgacgaggtggacgccgagctgaagaccatcggegageagetgcagaagttctacace
ttcgagcagcgacgagtgtacatggeccacatgcgaacctacatcgagaactgtgacaaggagceagtcttaccgactgga
gggcaccctgceccgacctggagtcttacaaggagatgcgacacggeaccgecgeegtgtggaccctgtgtgecctgate
gagtacggcctgggcegagaacatgeccgagceacgtgegatacatggecgaggtgcagaccctgtggtetgagacctcte
gagccatctggatcaccaacgacatcctgtetctgaagaaggagatcccteagtettectetaccaccgagtctatcatcaac
gccatccccatectgatgtetgagtgtggcaccaaccetcagcaagecgtggagacectgetgegagagetggtggtgtet
gtggccaccttcgagaaggecgetgecatectgctggaggecgtgggecaagagegacgagagtggatgcagacctact
gtgacgcctgtegatgtatggtgaccggctctattcagttcacctacgagtctaccegatacggectggecggctgtetgaac
gaggacggctctctgtctatggtgctgtaa
atgcgacccatcacctgttctttcgaccccgtgggeateeccttcacctctaacaccaagtacgagtetttcgagttcctgaag
gacggcatctctaacaccgtgcccggectggagaactgtgacgtgttcgacceccgatctatcggegtgecctggeccace
ctgatccccgecegtggetcagtgtaagtactggcgagaggcecgaagaggtggecgaggecctgatggatcagattgtgte
tgctgcecccggegageaaggctetctgcccgecgagttcaccatcetettcectcaagggegctaagcagegagagcetgct
ggacacctgtgtggccgeegctatcaacatgtteccegcetgccaacgeecgeccgageccgactgatggtgaaggecacce
tgctgaccttcatgcacgacgacgtggtggagtcetaccgagcagtctaccatcatcgacgacgecctggecgacategtgg
gccacgaggagaagtctaccgaggtgctgtggaagaaccgaatcttcaaggagttcaccetggagtgtatccaagaggac
ccegtggtgggcecccctgttcgtgaagggeatgctgtettgggtgcagcacacccgagacaacctgeccggetetatgace
ttcaagtctctgaacgactacatcgactaccgaatcggegacctgggegtggacttctgtaacgecgecatcatgetgacct
gtgaggtgttcgtgteteectetgagatggageccctggecaccctgcaccacctgtacatgacceacttetetctggecaac
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deGAS

hIGAS

ISGAS

gacctgtactcttacgacaaagaggtgtacgccatgaagaagcacggegecgecctgatcaacggegtgegagtgctgga
gctgctectgtctacctetceccgagecgecaaggtgetgctgcgagectacctgtgggacctggagtttcagatcaacgag
gagctggcccgactgtctgactgtggectgtcttacaatcagtggegattcgeccgaggeatggtggaggtgatcgecgge
aacctgttctactcttctacctgtctgcgatacgccaagecctetctgaagggeatctaa
atgcgacccatcacctgttctttcgaccccgtgggeatceccttcacctctgacaccaagtacgagtctttcgagttcctgaag
gacggcatccacaacgacgtgtetggectggagaactgtgacgtgttcgacceccgatctgtgggegtgecctggeecac
cctgetgeccgecgtggcteagtgtaagtactggcgagagggcegaagaggtggecgagaccctgatgaaccgaategtg
tctgcegeccccaaggagceaaggctetctgeccgecgagttcaccgactctcgactgaaggaggecaagcagegagage
tgctggacacctetgtggecgctgecatcaacatgttccccgecgecaacgcecacccgageccgactgatggtgaaggec
accctgctgaccttcatgcacgacgacgtgatcgagtctaccgagcagtctaccatcatcgacgacgecctggecgacate
gtgggccaagaggaagagggceaccgagatctcttggaagaactctatcttcaaggagttcaccatggagtgtatcgagga
ggacccegtggtgggecccctgctggtgaagggeatgetgtettgggtgcagcacaccecgagacaacctgeccggcetcta
tgaccttcaagtctctgaacgactacatcgactaccgaatcggegacctgggegtggacttctgtaacgecgecatcatgct
gacctgtgagatcttcgtgtctcectctgagatggageccctggecaccctgcaccgactgtacatgacceacttctctctga
ccaacgacctgtactcttacgacaaggagctgtacgccatgaagaaccacggcegcecgecctgatcaacggegtgcgagtg
ctggagatcctgctgaacgecacceccegagecgccaaggtgctgctgegagectacctgtgggacctggagtttcagat
caacgaggagctgacccgactgtetggctctcgactgtettacaatcagtggegattcgeccgaggcatggtggaggtgcet
ggccggcaacctgttctactettetacctgtetgegatacgccaagecctcetctgaagggeatctaa
atgtctactcagatcttcgectcttectctcagaacgagaagatccacaagatcctgcgacccaccaagaagctgcagecct
ctgtgtggggcgagegattectgeactacaacatctctgagcaagagctgegatacaagcagcaacaagtggaggagety
aaggccgtggtgaagaaggagatcttcggegagtetgectacgacgtgtctcatcagetgaagetgatcaacgtggtcgaa
cgactcggcctgtcttaccacttcgagtctgagatcgagaacgagctggagtctatctacaacaagtctgtggatcagaacta
catcctgaaggacgagaacctgcacgacgcectctetgcgattccgactgetgegacagceacggcttecgagtgtettetgec
gacatcttcgagaagttcaaggacgaggacggcaacttcaaggagtgtctggtgtctgacaccatcggectgctgtctctgt
acgaggcctctcacctgtcttgtgtgggcgagaacatcctggacgaggecctggacttcaccactacccacctgaccgagtt
cctggccaacaagaaagagcacgacgaccecctgtctaaagaaatctctcaagecctggagegaccectgegaaagtcte
tggagcgactggceegeccgacacttcatctctatctacgccaacgagacctctcacaacaaggtgcetgctgcagetggeca
agctggacttcaacctgetgcagtctatccacaagaaggagcetgtctgagatctctcgatggtggaaggagtetgacttegty
cacaagttccccttcgeccgagaccgaatcgtggagctgtacctgtggatectggeegtgtactacgagectcagtactace
tggcccgaaacatcctgaccaagaccatcgecctggectctatcgecgacgacatctacgacgagtacggeaccatcgag
gagctggagctgetgaccgaggecgtggagegatgggacatcaacttcatcgacaagcetgaaccecgagtacctgcaga
ccttctacaaggagctgetgaactcttacgaggagttcgagcaagecctgtctaaggaggagacctaccgagtgeactacy
ccaaggagcgattcaaggagctcctgegatcttetctggaggtggectggtggetgaaggagggecgagtgecctcttteg
acgagtacctgaagatctctctgatcaactgtggctaccacatgctgategtgtcttctctgatcggeatgaagggctctategt
gaccaaagaggtgttcgagtggctgtctatcgaccgaaagatcgtgcgagectctgtgaccatctgtcgactgatggacga
catcgccgagtacaaattcgagcaagagaaaaacgaggagccctctgccgtggagtgttacatgaagcagtacggegtgt
ctgaggaagaggcctacgacgagctgaacaagcgagtggtgaacgcctggaaggagatcaacgaagagetgctgaage
ccaccggegtggcectcteecatectggtgcgagecctgaacttctctaagttcatggacctgttctacaagaacggegacgg
ctacacccaagtgggcaaggtgaccaagcactctgtggecgecctgctgatccaceccatcecctaa
atggccgecgtggacaccaacgccaccatccaagagaagaccaccgccgageccgtgegaccectggecaactteece
ccetetgtgtggggegaccgattectgtetttcaccctggacaactctgagetggagggetacgecaaggecatggaggec
cccaaagaggagctgcgacgactcatcgtggatcagaccatggactctaacaagaagcetgtctctgatctactctgtgeace
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ERG20
(YALI1_EO
6759)

MFE1
(YALI1_E1
8441)

gactgggcctgacctacctgttcctgcaagagatcgaggcetcagcetggacaagatcttcaaggagttcaacctgcagaacta
cgacgaggtggacctgtacaccacctctatcaacttccaagtgttccgacacctgggcetacaagcetgceectgtgacgtgttca
acaagttcaaggacaacacctctggcgcecttcaaggaggacatctctaccgacgtgaagggcatgctgggectgtacgaat
cttctcagcetgcgaacccgaggcegagtctatcctggacgaggcectcttctttcaccgagaccaagctgaagtetgtggtgaa
caacctggagggcaacctggctcagcaagtgetgcagtetctgcgacgacccttccaccaaggceatgeccatggtggagg
ccecgactgtacttctctaactactctgaggagtgtgccacceacgagtgtetgctgaagetggecaagetgeacttctcttace
tggagctgcagcagaaagaggaactgcgaategtgtctaagtggtggaaggacatgcgattccaagagaccaccecctac
atccgagaccgagtgcccgagatctacctgtggatectcggectgtacttcgageccegatactetctggeccgaatcateg
ccaccaagatcaccctgttcctggtggtgctggacgacacctacgacgectacgccaccatcgaggagatecgactgetga
ccgacgccatcaaccgatgggacatgtctgccatggagcagatcectgaatacatccgacccttctacaagatcctgetgga
cgagtacgccgagctggagaagceagcetggccatcgagggcecgagecaagtctgtgatcgectctaaggaggecttccaa
gacatcgcccgaggctacctggaggaggcecgagtggaccaactctggetacgtggectctttccccgagtacatgaagaa
cggcctgatcacctctgectacaacgtgatctctaagtctgccctggtgggceatgggegacatcgtetctgagaacgcetetg
gcctggtacgagtctcaccccaagaccctgcaagectetgagetgatetetcgactgcaagacgacgtgatgacctatcagt
tcgagcgagagcgaggacagtctgccaccggegtggacgcectacatcaagacctacggegtgtctgagaaggaagecat
cgacgagctgaagatcatgatcgagaacgcctggaaggacatcaacgagggcetgtctgaagecccgagaggtgtctatg
gacctgctggeecccatectgaacctggeccgaatgatcgacgtggtgtaccgatacgacgacggcttcacctteceegge
aagaccatgaaggagtacatcaccctgctgttcgtgggcetetgtgtetatgtaa
atgtccaaggcgaaattcgaaagcegtgttcceecgaatctccgaggagetggtgcagetgctgegagacgagggtetgee
ccaggatgccgtgcagtggttttccgactcacttcagtacaactgtgtgggtggaaagcetcaaccgaggectgtetgtggte
gacacctaccagctactgaccggcaagaaggagctcgatgacgaggagtactaccgactcgegetgeteggetggctgat
tgagctgctgcaggcgtttttectegtgtcggacgacattatggatgagtccaagacccgacgaggecagecctgctggtac
ctcaagcccaaggteggcatgattgccatcaacgatgctttcatgctagagagtggceatctacattctgcttaagaagceatttc
cgacaggagaagtactacattgaccttgtcgagctgttccacgacatttcgttcaagaccgagcetgggecagcetggtggate
ttctgactgcccccgaggatgaggttgatctcaaccggttctetctggacaageactcctttattgtgcgatacaagactgctta
ctactccttctacctgeccgttgttctagecatgtacgtggecggcattaccaaccccaaggacctgcagceaggecatggatg
tgctgatccctctcggagagtacttccaggtccaggacgactaccttgacaactttggagaccccgagttcattggtaagate
ggcaccgacatccaggacaacaagtgctectggetegttaacaaageccttcagaaggecacceccgageagegacaga
tcctcgaggacaactacggegtcaaggacaagtccaaggagctegtcatcaagaaactgtatgatgacatgaagattgage
aggactaccttgactacgaggaggaggttgttggcgacatcaagaagaagatcgagcaggttgacgagagecgaggctt
caagaaggaggtgctcaacgctttcctcgccaagatttacaagcgacagaagtag
atgtctggagaactaagatacgacggaaaggtcgtcattgttaccggtgeeggtggeggtetcggtaaggceatacgeccttt
tctacggctctcgaggagcctetgttgttgtcaacgatcttggtggegacttcaagggegacggtgeccaggetggeagtgg
caagcgagttgccgatgttgtcgtcgacgagattgtttccaagggaggcaaggctgttgctaactacgactctgtcgagaac
ggtgacaagattgtcgagactgccgtcaaggcttttggetecgtecacattgtcatcaacaacgecggtattctccgagatatt
tccttcaagaagatgaccgacaaggactgggatcttgtctacaaggtccacgttttcggtgcectacaaggttaccecgagetge
ctggccttacttccgaaagcagaagtacggtegagttatctctacctettcegetgcetggtetttacggaaacttcggecagac
caactactccgetgccaagctegecctggttggtttcggtgagactctcgecaaggagggtgccaagtacaacattacttce
aacgtcatcgctcctcttgetgcttcccgaatgaccgagacagtcatgcccgaggatateetcaagetectcaagectgagta
cgttgttcctetggteggctacctcacccacgactctgtcaccgagtcettatggtatttacgaggteggtgctggttacatgget
aaaatccgatgggagcgaggcaacggtgctgttttcaagggcegacgacactttcacceegtctgctattctgaagegatgg
gatgaggtcacctcttttgagagecccacctaccctaacggecctgctgacttettcaaatacgctgaggagtctgttaageg
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FAAL
(YALIL_D
22124)

acccgagaacccccagggacctaccgtetecttcaaggaccaggttgtcattgtcactggageeggtgetggeattggecg
agcttactctcacctccttgctaagcttggtgccaaggtegttgttaacgatttcggtaaccctcagaaggttgtcgatgaaatt
aaggccctcggtggtatcgecgtegcetgacaagaacaacgtcatccacggtgagaaggttgttcagaccgetatcgacgec
ttcggtgctgtccacgecgttgtcaacaacgcetggtattctccgagacaagtctttcgecaacatggatgatgagatgtggea
gctgatctttgatgtccacctcaacggtacttactcegttaccaaggecgegtggecceacttecttaagcagaagtacggec
gtgtcatcaacaccacctcaacttctggtatctacggtaacttcggecaggecaactactctgecgccaaggetggtatecte
gotttctcecgagctettgctcgagagggtgagaagtacaacattettgtcaacaccattgecectaacgctggtactgecatg
actgcttctgtcttcactgaggagatgctcgagctcttcaageccgatttcatcgcacccatcacegtectgcttgetteegate
aggctcccgtcaccggtgatetgtttgagactggttctgcettggatcggacagactcgatggcagegagetggtggtaagge
cttcaacaccaagaagggtgtcacccccgaaatggttcgagacagcetgggctaagatcgtegacttcgatgatggtaactee
acccatcccaccactcectccgagtctactactcagattcttgagaacatcttcaacgtgectgatgaggaggttgaggagac
tgctctegttgctggteccggtggteccggtatectcaacaaggagggcegaacctttcgactacacttacacttaccgagacce
tcattctttacaaccttggtctcggtgccaaggctaatgagetcaagtatgtettcgagggtgatgatgacttccagaccgtge
ccactttcggtgttatcccttacatgggtggectcatcactaccaactatggegacttcgttcctaacttcaaccctatgatgctte
tccacggtgagcagtaccttgaaatccgacagtggectattcctaccaatgctacattggagaacaaggctaaggtcatcgat
gtcgttgacaagggcaaggctgecctecttgtcactgctaccaccaccacgaacaaggagactggtgaggaggttttctac
aacgagtcttctctcttcatccgaggctctggtggtttcggtggtaagtetaceggtactgaccgtggegetgecactgcetgee
aacaagccccctgetcgagctectgacttcgttaaggagatcaagatccaggaggaccaggcetgecatttaccgactttcty
gtgattacaaccctcttcacatcgaccctgcttttgetgctgttggtaactttgaccgacctattctccacggtctctgetettttgg
tgtctccggtaaggctetttacgatcagtttggtectttcaagaacgctaaggtecgatttgctggteacgtctteectggtgag
accctgaaggttgagggctggaaggagggcaacaaggtcattttccagaccaaggttgttgagcgaggtactaccgecat
cagcaatgccgccattgagctettccccaaggatgctaagetctaa
atggtcggatacacaatttcctcaaagcecgtgtcggtggaggteggeccegecaagectggegagactgeeceecgacy
aaacgtcattgccaaggacgcccctgtcgtcttcccecgacaacgactcgtecctgaccaccgtctacaagcetgttcaaaaag
tacgccgagatcaacagcgagcgaaaggecatgggatggcgagacaccatcgacatccacgtggagaccaaacaggtg
accaaggtcgtggacggagtggagaagaaggtgcccaaggaatggaagtactttgagatgggceccttacaagtggcetete
atacaaggaggcccttaagctggtccatgattatggagctggtettcgacacctcggaatcaagcccaaggagaagatgea
catttacgcccagaccteccaccgatggatgctctctggectggcttetetgtetcagggtatteecattgtcactgectacgac
actcttggagaggagggtctcactcgatctctccaggagaccaactcggtcatcatgtttaccgacaaggctctgctgagete
tctcaaggtctctctcaagaagggcaccgatctgcgaatcatcatctacggaggtgatctgaccceccgacgacaagaagge
cggaaacacggagattgacgccatcaaggagattgttccagatatgaagatctacaccatggacgaggttgtcgetetcgg
ccgagaacacccccaccecgtggaggaggtegactatgaggacctggecttcatcatgtacacctctggttctaccggtgte
cccaagggtgtggttctgcagcacaagcagatectcgectctgtggecggtgtcaccaagatcattgaccgatctatcgteg
gcaacacagaccggcttctcaacttcctgeccctegceacacattttcgagtttgtgttcgagatggtcaccttctggtgeggtg
cttctctgggttacggaaccgtcaagaccatttccgatctgtccatgaagaactgtaagggagacattcgagagetcaagee
caccatcatggtcggegtteccgetgtctgggaacctatgcgaaagggtattettggcaagatcaaggagetgtetectctga
tgcagcgggtettctgggcecteatttgecgecaagcagegtetcgacgagaacggactcectggtggatctatectcgacte
gctcattttcaagaaggtcaaggacgccactggaggcetgtctecgatacgtgtgtaacggaggtgctecagtatctgtcgac
acccagaagttcatcaccactctcatctgtcccatgctgattggatgceggtctgaccgagactacagecaacaccaccatcat
gtcgcctaaatcgtacgectttggeaccattggtgageccaccgecgecgtgaccctcaagetcattgacgtgectgaagee
ggctacttcgccgagaacaaccagggagagetgtgcatcaagggcaacgtegtgatgaaggagtactacaagaacgagg
aggagaccaagaaggcgttctccgacgatggctacttcctcaccggtgatattgccgagtggaccgcecaatggecagetca
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PEX10
(YALI1_CO
1416)

POT1
(YALI1_E2
2238)

TGL4
(YALI1_F1
3550)

gaatcattgaccgacgaaagaacctcgtcaagacccagaacggagagtacattgctctggagaagctcgagacacagtac
cgatcgtcgtcgtacgtggecaacctgtgtgtgtacgccgaccagaaccgagtcaageccattgetctggteattectaacg
agggccccaccaagaagcttgcccagagettgggegtegattctgacgactgggacgecgtetgctccaacaaaaaggtg
gtcaaggctgtgctcaaggacatgctcgataccggecgatetetgggtetgteeggeattgagetgetgcaaggceattgtgtt
gctgectggegagtggactcctcagaacagetacctgactgctgeccagaagctcaaccgaaagaagattgtggatgataa
caagaaggaaattgatgagtgctacgagcagtcttag
atgtggggaagttcacatgcattcgctggtgaatctgatctgacactacaactacacaccaggtccaacatgagcgacaata
cgacaatcaaaaagccgatccgacccaaaccgatccggacggaacgcectgecttacgetggggecgcagaaatcateeg
agccaaccagaaagaccactactttgagtcegtgcttgaacagcatctcgtcacgtttctgcagaaatggaagggagtacga
tttatccaccagtacaaggaggagctggagacggcgtccaagtttgcatatcteggtttgtgtacgcettgtgggctccaagac
tctcggagaagagtacaccaatctcatgtacactatcagagaccgaacagctctaccgggggtggtgagacggtttggcta
cgtgctttccaacactctgtttccatacctgtttgtgegctacatgggeaagttgegegecaaactgatgegegagtatcecca
tctggtggagtacgacgaagatgagectgtgcccageccggaaacatggaaggagegggtcatcaagacgtttgtgaaca
agtttgacaagttcacggcgctggaggggtttaccgcgatccacttggegattttctacgtctacggetcegtactaccagcetca
gtaagcggatctggggcatgegttatgtatttggacaccgactggacaagaatgagectcgaatcggttacgagatgeteg
gtctgctgattttcgeccggtttgecacgtcatttgtgcagacgggaagagagtacctcggagegetgctggaaaagagegt
ggagaaagaggcaggggagaaggaagatgaaaaggaagcggttgtgccgaaaaagaagtcgtcaattcegttcattgag
gatacagaaggggagacggaagacaagatcgatctggaggaccctcgacagctcaagttcattcctgaggegtecagag
cgtgcactctgtgtetgtcatacattagtgcgecggeatgtacgccatgtggacactttttetgttgggactgtatttccgaatgg
gtgagagagaagcccgagtgteecttgtgtcggeagggtgtgagagageagaacttgttgectatcagataa
atggaccgacttaacaacctcgccacccagetcgagcagaaccecgcecaagggectcgacgcetatcacctccaagaace
ccgatgacgttgtcatcaccgccgcctaccgaactgcccacaccaagggaggcaagggtctgttcaaggacacctcttctt
ccgagctgcetegectetetgetggagggectegtcaaggagtccaagatcgaccecaagcteatcggtgatgtegtetgeg
gaaacgttctcgctgecggtgccggtgecactgageaccgagetgectgecttgttgccggeatceccgagaccgtteectt
cgtcgctctcaaccgacagtgcetectctggtetgatggecgtcaacgacgttgecaacaagatccgagecggecagattga
cattggtatcggctgtggtgtcgagtccatgtccaaccagtacggtceccaacteegtcacceccttctccaacaagttccaga
acaacgaggaggctaagaagtgcctgatccccatgggtatcacttccgagaacgttgccgecaagtacaacgtgtcecga
aaggcccaggacgcctttgctgccaagtcctacgagaaggeegecgetgeccaggecgecggeaagticgaccaggag
atcctccecatcaagaccactgttctcgatgatgatgacaacgagaaggaggttaccgtcaacaaggacgacggtatcega
cctggtgtcaccgecgagaagetcggceaagcetcaagectgctttcteccgecgagggaaccacccacgctggtaacgecte
tcagatctccgacggtgccggagecgttctectcatgcgacgatctgttgccgagaagcettggecageccatecttgecaag
tttgtccactgcaagaccgtcggtgttccecccgagetcatgggaattggeccegcettacgecattectgetgtecttgagga
ccttggtetgaccgtcaacgacgttgacgttttcgagatcaacgaggctttcgettcccaggetctgttctecatccageattgt
ggaatcgacgagtccaaggtcaaccceccgaggtggtgecattgetattggecaccetetgggagecaceggtgetegaca
gtttgccactetgcetetecgagettaaggagtctggcaagaaggteggtgtcacctecatgtgeattggtaceggtatgggty
ccgcttetctggttgttgccgagtaa
atgttcacctccagagtttccgaagcaagcaccaccaactttatccggecgacggcacggtetcacatccacttttttttcgect
tcatcgccgcaaccgtecaccaactgcetgcteatgctetaccaactgcttggagacggctacctcaagtegtttgtcgacaca
ggtatcacgctggeccaacagtcggggctttcgggtatcgtcaacgecttgacttcagaggccaaactgcggatcgataaa
cggtccatcatcaaaaagctgctagaggaccaggaaaacgccgagtegtactttgactggetcaaggegtccagegaact
cgactatctgctcggcaaccaggaatggaaggaaagagacgagtgtccagcttacgattacgaatacgtccgactcegatt
ggacgaactgagacacgcccgaaccaataacgacaccacccgactgctttacctcgtgcgaacaacgtggagtagaaac
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PreFin

Perp

ctcggcaacctcggagacgtcaagctctaccacaactectttaccggaaccaaacgactcatcgaagactacattctggaat
gcgaactggctctcaacgcegctectggcagecggaaacgacaagatcccggaccaggagetgctcacggagcetgctcaa
caccagaaaggcatttggacgaactgcccttctgctgtccggeggaggatgteteggtetgetecacaccggtgttetecag
gccctetcagacacatcgcetcttgecccacgtcatatcgggttcgtcggeaggctcaatcatggecgegggactgtgeatte
acaaagacgaagaacacgaggctttcatcaccgagctcatggagcgagactttgacattttcgaagagtccggaaacgaa
gacacggtgctcgaacgagtgtctcgaatgctcaaacatggatcgctactcgacaacagatatatgcaggacactatgcga
gaattatttggcgacatgacctttctggaggcctacaaccggactcgecgtattctcaacgttacggtategtetgetggeatct
acgaaatgcctcgtttgctcaactacctgacggeccccaacgtactcatttggtcggetgtetgegectectgeteggtgecte
tcattttcaatgcctacactctgcttgaaaaggagceccaaaacaggagctattcagacctggaacgcttettcgetgeggttca
ttgacggatccgtctatgccgacgtgcccattgcgegtetctcagaaatgttcaatgtaaatcatttcattgtetcgcaggtaaa
ccctcacgttgcetectttcctcaagctcacagaagacaaggccaaccecggactcggtcgacgaaatctacacgctcaagett
tggcacaacttcaagacgctggtcaccgacgaggtcatgcaccagttgcaggtgctgtacgagtttggcatcttcaagaace
tgtgttcgaaaatgggaggcgtactgtcccagegatacaagggagacatcacaatcctgecccaggtccatctctcagagct
cccgggaattcttactaaccecactgccgcatacatgaaggacaccaaccgacgaggtgcccaggcecacttatcgaaagat
ctcgctcattcgaaaccactgtgcecattgagttggegcetggatcgagctatccacgaactcaaggeccgtatgetececteca
agcttggatcaggacgtacatccccgcaaggtacttttaagcattcgcagtegtccaaccagatttctgegcetcaaacctectt
ctcgtcacatgtctgcttcatcggcaaccacagcacatacgegtettcggaaccgaaagtegttttctcatgcacgtatcaaga
gtgatgcggcecgctgtgticgacaaggagectattcacgagacgceccaagtegtegectcagagetegtatgtcaacttgea
ccgatctgcaagtgageggtcgagacgacccaagtctgeattcaatctgggetctetgecgacctetectctttatcatcege
atctgacccactccatgtctatggggggagccaatcaggegectcetgtacaatcetgggegeggttetgtgtctcagaacac
ctccectgggaccaaaatcecccggaaacgctgatecgtegtactttgatggacccaacaatgtgegtttccactgggacage
gacgacgacgatgtgcgagagacggagttcctcaacaacatgtcttcgtcgtcttcacgaagagtttctectgtccagagtcg
tcgagccagtgttgatggactgcgaaactctgtegtatccaccgecaccagtgtcaccgacggttcegtgtccageagace
gtccecgagegtgggagagceatttcccagetgtitgaaggggacgagaactgttctgactegtgctaa
gagaccgggttggcggegtatttgtgtcccaaaaaacagccccaattgecccaattgaccecaaattgacccagtageggg
cccaaccccggegagageccccttcaccecacatatcaaaccteccccggttcecacacttgecgttaagggegtagggta
ctgcagtctggaatctacgcttgttcagactttgtactagtttctttgtctggccatccgggtaacceatgccggacgcaaaata
gactactgaaaatttttttgctttgtggttgggactttagccaagggtataaaagaccaccgtccccgaattacctttectcttcttt
tctetctcetecttgtcaactcacacccgaaatcgttaageatttccttctgagtataagaatcattcaaaatggtgagtttcagagg
cagcagcaattgccacgggctttgagcacacggecgggtgtggteccattceeatcgacacaagacgcecacgtcatcega
ccagcactttttgcagtactaaccgcag
gacgcagtaggatgtcctgcacgggtetttttgtggggtgtggagaaaggggtgcttggagatggaagecggtagaaceg
ggctgcttggggggatttggggccgctgggcetecaaagaggggtaggcatttegttggggttacgtaattgcggceatttgg
gtcctgegegeatgteccattggtcagaattagtccggataggagacttatcagccaatcacagcgcecggatccacctgtag
gttgggttgggtgggagcaccectccacagagtagagtcaaacagcagcagcaacatgatagttgggggtgtgcgtgtta
aaggaaaaaaaaagaagcttgggttatattcccgctctatttagaggttgcgggatagacgccgacggagggeaatggeg
ccatggaaccttgcggatatcgatacgccgeggeggactgcgtecgaaccagctccageagegttttttcecgggecattga
gccgactgcgaccccgecaacgtgtettggeccacgceactcatgteatgttggtgttgggaggcecactttttaagtagcacaa
ggcacctagctcgcageaaggtgtccgaaccaaagaageggetgcagtggtgcaaacggggeggaaacggcgggaaa
aagccacgggggcacgaattgaggcacgecctcgaatttgagacgagtcacggecccattcgeccgegeaatggetege
caacgcccggtcttttgcaccacatcaggttaccccaagcecaaacctttgtgttaaaaagcttaacatattataccgaacgtag
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Pexp1

Tip2

Tpe><20

Tcycl

gtttgggcgggcttgcteegtetgtccaaggcaacatttatataagggtctgcatcgecggcetcaattgaatcttttttcttettet
cttctctatattcattcttgaattaaacacacatcaaca
aaggagtttggcgeccgttttttcgagccccacacgtttcggtgagtatgagcggeggceagattcgagegtttceggttteeg
cggctggacgagagceccatgatgggggceteccaccaccagcaatcagggecctgattacacacccacctgtaatgtcatg
ctgttcatcgtggttaatgctgctgtgtgctgtgtgtgtgtgttgtttggegcteattgttgegttatgcagegtacaccacaatatt
ggaagcttattagectttctattttttcgtttgcaaggcttaacaacattgetgtggagagggatggggatatggaggecgetg
gagggagtcggagaggcgttttggagcggcettggectggegeccagetcgegaaacgeacctaggacectttggeacge
cgaaatgtgccacttttcagtctagtaacgcecttacctacgtcattccatgcatgeatgtttgegectttttteecttgeccttgate
gccacacagtacagtgcactgtacagtggaggttttgggggggtcettagatgggagcetaaaageggectageggtacacta
gtgggattgtatggagtggcatggagectaggtggagectgacaggacgeacgaccggcetageccgtgacagacgatgg
gtggctectgttgtccaccgegtacaaatgtitgggccaaagtcttgtcagecttgettgcgaacctaatteccaattttgtcact
tcgcacccccattgatcgagecctaaccectgeccatcaggceaatccaattaagetegeattgtetgecttgtttagtttggete
ctgcecgtttcggegtecacttgcacaaacacaaacaagcattatatataaggctegteteteectcccaaccacactcactttt
ttgccegtcttcecttgctaacacaaaagtcaagaacacaaacaaccaccccaacccecttacacacaagacatatctacag
ca
cttctgttcggaatcaacctcaaggttaacggecacgateecctegttgttactettggtcageccattgteggtaacgetgget
ttgctaactgggtcgataaactcttctitggccaggagaaccecgatgtetccaaggtgtccaaagaccgaaagetetaccga
atcacccaccgaggagatatcgtcectcaagtgeccttctgggacggttaccageactgctctggtgaggtetttattgactg
gcccctgatccaccctectetcetccaacgttgteatgtgccagggecagagceaataaacagtgctctgccggtaacactetg
ctccagcaggtcaatgtgattggaaaccatctgcagtacttcgtcaccgagggtgtctgtggtatctaagetatttatcactcttt
acaacttctacctcaactatctactttaataaatgaatatcgtttattctctatgattactgtatatgcgttcctctaagacaaatcga
aaccagcatgcgatcgaatggcatacaaaagtttcttccgaagttgatcaatgtcctgatagtcaggcagcettgagaagattg
acacaggtggaggccgtagggaaccgatcaacctgtctaccagegttacgaatggcaaatgacgggttcaaagecttgaat
ccttgcaatggtgccttggatactgatgtcacaaacttaagaagcagecgcttgtectettcctcgaaactctcaaacacagte
cagaagtcctttatagtttgatctgtatccagatagcctecgtaattggtgtgtgtcttcaaatcccagacgtccacattggceatg
tcctccactgataagcatttgaagttcatctgegttgaacattgagacccacgaagggtcaatgagctggtatagaccgecca
agaatgcatctg
aagtgtggatggggaagtgagtgcccggttctgtgtgcacaattggcaatccaagatggatggattcaacacagggatata
gcgagctacgtggtggtgcgaggatatagcaacggatatttatgtttgacacttgagaatgtacgatacaagcattgtccaag
tacaatactaaacatactgtacatactcatactcgtacccgggcaacggtttcacttgagtgcagtggctagtgeccttactegt
acagtgtgcaatactgcgtatcatagtctttgatgtatatcgtattcattcatgttagttgegt
tcatgtaattagttatgtcacgcttacattcacgccctccceccacatccgetctaaccgaaaaggaaggagttagacaacctg
aagtctaggtccctatttatttttttatagttatgttagtattaagaacgttatttatatttcaaatttttcttttttttctgtacagacgegt
gtacgcatgtaacattatactgaaaaccttgcttgagaaggttttgggacgctceg
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