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B ok #F9o]lH, trehalose assay Y trehalose #¥# FHAAE9
qRT—PCR, western blot SolA Al€H #F+= AdA Fd #4579
BY4741014 fFalEch AES f a5 AXE2 dd 274 30T,

35 =4

—20TCelA = lom ARGE WA=

YPD (1% yeast

extract, 2% glucose, 2% peptone), synthetic complete medium (SC;

0.67%

yeast nitrogen base without amino acids,

appropriate amino acid), LD (liquid dough) 2 ©]t},

2% glucose),

E 12 A7) ASE #2539 2E S
Strain Description Fermentation characteristics Source
SPC70-1 Isolate‘d‘ from Nu'ruk, Better than existed trad|t|0.nal strgln, SPC
traditional strain but worse than commercial strain
Generated by mating traditional . I . .
SPCT3-2 strain(SPC70-1) with other Good k1;or fermentation ability in various condition, spC
. . ut not good for cold stress tolerance
commercial strains
Lesaffre French commercial strain from | Good for fermentation ability in various condition, spC
(Commercial 1) LESAFFRE especially high sugar tolerance
OYC-us Japanese commercial strain Good for fermentation ability SpC
(Commercial 2) from QYC in various condition
OYC-LT Japanese commercial strain Good for fermentation ability spC
(Commercial 3) from OYC in various condition
SPC73-2 .
MAT Haploid cell of SPC73-2 - SPC
BY4741 MATa his3A 1 feuZh 0 met15A 0 - Research
ura3a 0 (5288C-derivative laboratory strain, haploid cell) genetics

o
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g PCR—vi7} +x12F A" WY o2 templateE A|Zst § &
£ YPD #l#], OD600 0.8% #jFsle] lithium acetateE ©]&3
Ags AT, FA Aol o] AEES G418,
Hygromycin®] X3rd uwjR|oA XAElx oz uwjfelom colony—
PCR¥} qRT-PCR #ALS %3& deletione #<lslth. Deletion U
Fof AFH oY AP AlEE ZE primers ¥ 29 A
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homologous recombination WO =2 A ZEAT}E primers
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3. Trehalose assay

MediaolA w3t & AHE2] trehalose %S F437] sl
YPD wi*]el A ODeoo 8.07FA] A|EE wi&FsH F 2 =7 weh YPD,
L.D20, SC HlA|Z resuspensiondto] YPDS} LD20 HiA| S A¥E+=
30 €, SC ®iAY AEx= —20 TeollA 5AIZE vierslch o] %
AETS 22 5 phosphate—buffered saline® @ Aoy 0.25M
Na:COszE Yol 95TelA 4412 &<t 3Tk 1M acetic acide} 0.2M
sodium acetate (pH 5.2)E Y1l trehalaseE FH7}ste] 37 TolA

16A17F HEgAIZ T 14,000 gol A 53 7+ A4 st dFds u
glucose assay reagent (Supelco, G3293)8} Ar2ojx 158 Zot

HESA1A 340 nmellA  FFEE ST AdelA  positive
control& 93l ODsoo 8.07FA w3t @& Ao ts] 42 TeolA

15% heat shocks F9° TYU3}A trehalose levelS =735k t}.

4. qRT—-PCR

Zt oA RNA S =4st7] 98l YPD Hix|elA OD
8.07HA AR AEE wiekst H Z+ 24 w2l YPD, LD20, SC A&
resuspensiond}t®] YPDQ} LD20 ®wiA|e] AH¥E+= 30 C, SC Hi#|<¢
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EZE —20 ColA 5A1ZF wiekstitt. o] 1 mlE 4 C, 1000 g, 5+
oF  ¢AFgstal  pellet®s  To}  zymolase, 0.1% 8-
mercaptoethanol®] ¥3Fd Y1 bufferd] Zo] 30 TolA 308 7t
HE-S- A th ©]% RNeasy mini kit (Qiagen, Cat. No. 74104)%
o] 83t RNAS #83t 5, ReverTraAce gPCR RT kit (TOYOBO, Cat.
No. FSQ-101)E& o]§3te] cDNAE FAskadch. #4d3 cDNAE
SensiFAST SYBR Lo—ROX kit (Bioline, Cat. No. BIO—94020)%
0]8-3lo3 Thermo Fisher Scientific A}¢] Applied Biosystems
QuantStudio 3 (Cat. No. A28137) 2 qRT-PCRS A 383}t

5. Western blot assay

Western blot analysis® 9 &% AXES SC wiA oA mid
logarithmic phaseZ7}#4 719t} M ¥ERFS R O3 phosphate—buffered
saline® 2 F W Aojylltt 18] 11 A|X 9 lysis buffer (50mM tris—Cl,
pH 7.5, 150 mM NaCl, 0.15% NP—-40, 1mM EDTA)$} protease
inhibitor (10mM phenylmethylsulfonyl fluoride, ImM benzamedine,
1mM leupeptin, 1mM pepstatin) = % 7}3}4] bead beating WHO =
AEE FIA T o]F 13,000 rpm, 4 CeollA 108 F< H4Eg
A AT, ASduts FZE3Eo] Ro1 6X sodium dodecyl sulfate
sample buffer?} AJo]FATt ©]5 95TeolA 38 7Lt
SDS—PAGES$} western blot assay© YREAQ B O R 35 glon,
HRP7} Al GFP &4 (600— 103—215, Rockland) & ©]4-3}%t}.



¥ 2. & A4 AL ¥ primer HF

Primer S(;qtt.l:nsc;a
POG1-Fikan) ATCAAAGTGGATGCCATATTATGAAGCAGGAGCCACATAG
CGATTTAGGTGACACTATAG
POG1-Rikan) CACGTCATGTGGGAGGAGGATGTTTTGGTGTATGAATGAG
TTAATACGACTCACTATAGG
POGT-Fhyg) | ATCAAAGTGGATGCCATATTATGAAGCAGGAGCCACATAG
Y9 GATCCGCTAGGGATAACAGG

POG1-500 ACAACTTTCCGCACGTAGTG

POG1+86R AATGAGGTATGCTGCTCTCG

POG1+889 GGTCAGGAACGAGACCAGTC

POG1+1050R GGGAGGAGGATGTTTTGGTG

GAAAATTACTGCACGTCATGTGGGAGGAGG

POG1-UP-R GTATGAGTTAAGCGCAGGGA

TTGCGTGCAATCCCTGCGCTTAACTCATA

POGT-Down-F | - 1cCTCCCACATGACGTGC

POG1-Down-R GTTTATCTGTTCTGTAACCG

POG1+1877R GTAGATGGCACCTGCTATTG

HSP104-F(kan) ACTACACGTACCATAAAATATACAGAATATATGAACGACC

CGATTTAGGTGACACTATAG
HSP104-R(kan) | ACACTATATTAAATTAATCTAGGTCATCATCAATTTCCAT
TTAATACGACTCACTATAGG
HSP104-F(hyq) | ACTACACGTACCATAAAATATACAGAATATATGAACGACC
Y9 | GATCCGCTAGGGATAACAGG

HS5P104-400 CATCGTGGTAGTGTTTGCTG

HSP104+83R GGATGTTGATGATCCGAAGC

TTTCACTACAATGAGACTCTTCATCGGTAGAAGATCACGG
INP51-F(kan)

CGATTTAGGTGACACTATAG
INPS1-R(kan) | ATATAATCTTTTCACTAATGATCATTTACTTACCTTTCTA
TTAATACGACTCACTATAGG
NPS1-F(hvg) | TTTCACTACAATGAGACTCTTCATCGGTAGAAGATCACGG
Y9 GATCCGCTAGGGATAACAGG
INP51-400 TGTCCACATCTACGTAGTCC




Primer

Sequence

(5" to 3)
INP51+99R ACTGGCACCTGGTATGCTGC
T1P1-F(kan) CCTCTGCTAAATAAAATAAAATGTCCGTTTCCAAGATTGC
CGATTTAGGTGACACTATAG
TIP1-Rkar) TTGTAAAAGGTTCCCTTTTATAACAATAAAGCAGCTGCAC
TTAATACGACTCACTATAGG
TP1-E(hya) CCTCTGCTAAATAAAATAAAATGTCCGTTTCCAAGATTGC
Y9 GATCCGCTAGGGATAACAGG
TIP1-500 AAGAGCATCAGACGATCTGG
TIP1+89R TGCAATTCAGCAGTTTCGGC
TIP1+492 CGTTTCTTCTTCTGTCGCTC
TIP1+614R GCACCTGCAACAACAGCACC
TIR1-Fikan) AAGTACTACAATAATTAAAAATGGCTTACACTAAGATCGC
a CGATTTAGGTGACACTATAG
TIR1R{kan) CCAATAACTTATAACAACATAGCGGCAGCTGCGACAACAC
TTAATACGACTCACTATAGG
I AAGTACTACAATAATTAAAAATGGCTTACACTAAGATCGC
Y9 GATCCGCTAGGGATAACAGG
TIR1-500 TAGTACGTGTTTCCGTTTCC
TIR1+69R TTGATCTTGGGTTTGAGCGG
TR1-Un.R ACCAATAACTTATAACAACATAGCGGCAGC
P GTAGTACTTGTTGAAAGCGA
TR1-Down.f | ACTTTTTCATTCGCTTTCAACAAGTACTAC
W GCTGCCGCTATGTTGTTATA
TIR1-Down-R | TCAGCCTTCGTTGAATTCGG
TIR1-1428R CGTATGTCCTTAAGGAGAAC
TIR1+603 TGCTCCAAGCTCCACTGGTG
TIR1+747R AGCTGCGACAACACCAGCAC
ATTGAAGGGCGTGTATAACAATTCTGGGAGATGGCTGATA
SLT2-F(kan)

CGATTTAGGTGACACTATAG

9 A 21
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Primer

Sequence
(5' to 3')

SLT2-R(kan)

GTCTAGAAGCGTGCCGTTATCATTCTGAGGCGGAATATCT
TTAATACGACTCACTATAGG

ATTGAAGGGCGTGTATAACAATTCTGGGAGATGGCTGATA

SLT2-F(hyg) GATCCGCTAGGGATAACAGG
SLT2-400 AGGTTCGAATACTTGTGAGC
SLT2+108R TATGCCGTATGCTCCATGCC

TDH1-F(kan)

AAATGATCAGAATTGCTATTAACGGTTTCGGTAGAATCGG
CGATTTAGGTGACACTATAG

CATTATCCTCATCAAGATTGCTTTATTTAAGCCTTGGCAA

TDHI-R(kan) | 1A ATACGACTCACTATAGG
DH1Fhy | AMATGATCAGAATIGCTATTAACGGTTTCGGTAGAATCGG
¥9 GATCCGCTAGGGATAACAGG
TDH1-500 TAGGATATGCGACGAAGACG
TDH1+64R | GCAAAGCCAATCTCAAGACC
TDH1+837 | TGTCTCCTCTGATTICTTGG
TDH1+978R | GATCAAGTCAACAACTCTGG
AAAAGGAATTATGAGCAACGTTACTACGCCGTGGTGGAAA
ZRT1-F(kan)

CGATTTAGGTGACACTATAG

ZRT1-R(kan)

CGCTTTGGTTTAAGCCCACTTACCGATCAAAGCCATGATA
TTAATACGACTCACTATAGG

ZRT1-F(hyg)

AAAAGGAATTATGAGCAACGTTACTACGCCGTGGTGGAAA
GATCCGCTAGGGATAACAGG

ZRT1-500 ACAATGCAGATCCACGCTAC
ZRT1+59R GCAAGTGTAACTTCAGAAGG
ZRT1+990 GTACACTGGTTTGGTTGAAC
ZRT1+1123R ACTTACCGATCAAAGCCATG
7PS1-F(kan) AACCAAATCCACACACAACTACTAAACATTATGAAGTTCT
CGATTTAGGTGACACTATAG
7PS1-R(kan) ACATATTCTGTGGAAGTAATGATGTGGTTATTACAAGTTA

TTAATACGACTCACTATAGG

10 ] iﬂ _



Primer

Sequence

(5 to 3)
ZPS1-F(hyq) AACCAAATCCACACACAACTACTAAACATTATGAAGTTCT
¥9 GATCCGCTAGGGATAACAGG
ZPS1-500 TGAAGCATTAAGCTCTGACG
ZPS1+53R GCTAGAGAAGCAATAGTTGC
ZPS1+612 GGAAACTCTTGAAGAAGTTG
ZPS1+743R TTACCTAGACAGCCACCAGG

ANB1-F(kan)

CATACACCTATTTCATTCACACACTAAAACATGTCTGACG
CGATTTAGGTGACACTATAG

ANB1-R(kan)

AAATATCTAATCAGATCTTGGAGCTTCCTTGAAGGAGATG
TTAATACGACTCACTATAGG

ANB1-R(hyg)

CATACACCTATTTCATTCACACACTAAAACATGTCTGACG

GATCCGCTAGGGATAACAGG
ANB1-500 TCGACGATGTCGTCTCACAC
ANB1+69R ACATTGCATTGGGTAGGTGG
ANB1+324 AACCAAAGACGATGTCAAGG
ANB1+465R TCTTGGAGCTTCCTTGAAGG
GNP1-E(kan) TAGCTTATATAATATCAAATATTGCACATTATGACGCTTG

CGATTTAGGTGACACTATAG

GNP1-R(kan)

GAATCGTGATTTCTGCTTTAACACCAGAAATCAAGAACTC
TTAATACGACTCACTATAGG

TAGCTTATATAATATCAAATATTGCACATTATGACGCTTG

GNPT-Flhyg) | G ATCCGCTAGGGATAACAGG
GNP1-500 | ATGCGACGTGCTTGCGATCC
GNP1+83R | ACATCGTCAAGGTCGTTACG
GNP1+1789 | GCTATGCCAATCTGGATTGC
GNP1+1958R | GGTCCGTTTCTTAATCTCTC
GNP1UpR | ACAGGAAGAGCGTGTAGGAAGGCTGGGATT

GGCGTCTATTACCAAGCGTC

11 A 2



Primer

Sequence

(5" to 3)
GNP1-Down.F | TOCACATTATGACGCTTGGTAATAGACGCC
AATCCCAGCCTTCCTACACG
GNP1-Down-R | AGTCTGCTAAAGCCTTCGAG
GNP1+2793R | CGCCTCTTGTCCTGTGGATC
IMA2-F(kan) AAAGAAAGCAACGTACAATGACTATTTCTTCTGCACATCC
CGATTTAGGTGACACTATAG
IMA2-R(kan) TAAAAATCTTGTCGTCACAATCATCAATCATTCAGATATGT
TAATACGACTCACTATAGG
IMA2-F(hya) AAAGAAAGCAACGTACAATGACTATTTCTTCTGCACATCC
¥g GATCCGCTAGGGATAACAGG
IMA2-500 AGTGCCAAGGGATGCACGAG
IMA2 +48R TTTCCACCACTTGGGTTCTG
IMA2+1613 TTGCTGCTTTGAACTTCAGC
IMA2+1743R | CCATGGCTTCAATGTTCTGG
GIP2-F(kan) GTTTATTAGGATTTCATCAACGCAACAATGTATATAAAGG
CGATTTAGGTGACACTATAG
GIP2-Relcan) TCCATTCTTCATCTCCTTCCTTCTGGTTGCCTTCATGCTG
TTAATACGACTCACTATAGG
CIP2-F(hya) GTTTATTAGGATTTCATCAACGCAACAATGTATATAAAGG
¥9 GATCCGCTAGGGATAACAGG
GIP2-500 AGTTCGTTCTATCCAACAGG
GIP2+46R TCTTCCTCTCAAACTGTTGG
GIP2+1479 CGATGATGTCAGCAAAGTGG
GIP2+1615R CATCCATTACAACATCCACC
GIP2-Un-R CCATTCTTCATCTCCTTCCTTCTGGTTGCC
P GTTGCGTTGATGAAATCCTA
ciP2-Down.f | CCAAGTTTATTAGGATTTCATCAACGCAAC
GGCAACCAGAAGGAAGGAGA
GIP2-Down-R | GAAGCGTCGGGATGAGACTG

12 MET



Sequence

Primer (5" to 3"
GIP2+2402R GTTATCGGATATAGGCTACC
CYC7-F(kan) AAGTAAACTTCAGTAAACTACATTACATCATAAACAAAACC
GATTTAGGTGACACTATAG
CYC7-R(kan) TAATAAATATCTCGTCCGGCGACATAGCCTATTTGGCAGC
TTAATACGACTCACTATAGG
CYCT-F(hya) AAGTAAACTTCAGTAAACTACATTACATCATAAACAAAAC
¥g GATCCGCTAGGGATAACAGG
CYC7-500 GTATACGAGCTAGCAGGACG
CYC7+38R GCAGAGCCTGGTTTGAATCC
DAK2-F(kan) AACCCAACTACAATTGACTAAATAATCATGTCTCACAAAC
CGATTTAGGTGACACTATAG
DAK2-R(kan) GCTTCTAGTGTGTACGAGCAATTCTAGTACCCAGCAGCTG

TTAATACGACTCACTATAGG

DAK2-F(hyg)

AACCCAACTACAATTGACTAAATAATCATGTCTCACAAAC

GATCCGCTAGGGATAACAGG
DAK2-500 TTTGATCGACCAAGACTAGG
DAK2+56R CAAGTAGGTAGGGAGTAACG
DAK2+1600 CAAGCTGCTTATGATGGTGC
DAK2+1754R | AATCCATCGAGTAGTGCAGC
DAK2-Un.R CTGTTATGTTTGGCTTCTAGTGTGTACGAGGTAG
P GTAGGGAGTAACGATG
DAKS-Down.f | CAGATGGAAACATCGTTACTCCCTACCTAC
CTCGTACACACTAGAAGCCA
DAK2-Down-R | GATTGCTATCCTAGAACTTG
DAK2+2349R | CTGTTGAGTTCAATGCCTTC
SUC2-Fkan) TTCTTTTCACTAACGTATATGATGCTTTTGCAAGCTTTCC
CGATTTAGGTGACACTATAG
SUC2-R(kan) CAATAAGTTTTATAACCTCTATTTTACTTCCCTTACTTGG
TTAATACGACTCACTATAGG
SUC2-F(hya) TTCTTTTCACTAACGTATATGATGCTTTTGCAAGCTTTCC
Y9 GATCCGCTAGGGATAACAGG
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Primer

Sequence
(5' to 3')

SUC2-500

GAACTCGATCCATTATGAGG

SUC2+74R

GTTTCGTTTGTCATTGATGC

LTV1-F(kan)

AAAGCACGAAGATGTCGAAGAAATTTAGCTCTAAAAACTC
CGATTTAGGTGACACTATAG

TGTAATGTAGGTGCTTTCTCATCTCATTCTACTCCTCTAA

LTV1-Rikan) TTAATACGACTCACTATAGG
TV1-F{hwa) AAAGCACGAAGATGTCGAAGAAATTTAGCTCTAAAAACTC
Y9 GATCCGCTAGGGATAACAGG
LTV1-500 CATCCAGTTACTATCTCACC
LTV +54R TCTGTGTACCACCACGTACC
LTV1+1216 TACGAACTGGAGAGTGGTGG
LTV1+1378R | TGCTTAGTGTATTGGTGACC
I TV1-Ub-R GTACTTGTAATGTAGGTGCTTTCTCATCTC
P CTGGTTGCTCGTAGGATTCG
TV1-Down.f | GGGTTCTTACCGAATCCTACGAGCAACCAG
GAGATGAGAAAGCACCTACA
LTV1-Down-R | GGCATCGAATTGAGTAGCGG
LTV1+2063R | ATTAGGCAGTGGCGCTATAA

GPH1-F(kan)

AACAATGCCGCCAGCTAGTACTAGTACTACCAATGATATG
CGATTTAGGTGACACTATAG

GPH1-R(kan)

AAGTCACTGGTTCAACGTTCCAAATGGTATCGGAGTATTC
TTAATACGACTCACTATAGG

GPH1-F(hyg)

AACAATGCCGCCAGCTAGTACTAGTACTACCAATGATATG

GATCCGCTAGGGATAACAGG
GPH1-500 ACGCTCAACGGAAGAGGAAG
GPH1+89R AGTCTCCTTGTAAGCCTTGG

SPG1-F(kan)

TTAGATTCAGGAATATACTCAGAGGCACAAAGAGTTGTGA
CGATTTAGGTGACACTATAG

SPG1-R(kan)

AACCAAGTACAAATTCCCTTACATGATTGAAGAGAACATC
TTAATACGACTCACTATAGG

14 A 21



Primer

Sequence

(5" to 3
SPG1-F(hya) TTAGATTCAGGAATATACTCAGAGGCACAAAGAGTTGTGA
¥9 GATCCGCTAGGGATAACAGG
SPG1-500 CATAAACCACTCACAACGGG
SPG1+50R GTTCTCACAACTCTTTGTGC
IM18-Fiany | ARTGCTATTGTTTCCTGGCTTGAAGCCTGTTCTTAATGCT

CGATTTAGGTGACACTATAG

TIM18-R(kan)

GGTCATCATTTTCATTCCAAAGTTTCTTTACCAGGTCAAC
TTAATACGACTCACTATAGG

TIM18-F(hyg)

AATGCTATTGTTTCCTGGCTTGAAGCCTGTTCTTAATGCT

GATCCGCTAGGGATAACAGG
TIM18-500 GCAGTCTAAGACAGAAGGAA
TIM18+70R CAGCTCGTACAGGATTTACA
CACAGTGAACCGTTAGATCAAGAGGACCAAGACACCATAA
YAR1-F(kan)

CGATTTAGGTGACACTATAG

YAR1-R(kan)

CCTCGGTGGCTTCCTTGGTGACTTGTTCAATTTCTGTACC
TTAATACGACTCACTATAGG

CACAGTGAACCGTTAGATCAAGAGGACCAAGACACCATAA

YART-F(hyg) GATCCGCTAGGGATAACAGG
YAR1-500 GGATTACTGTGTTGAGAGAG
YART+73R AATCGCCAGCTCTTGCATCG

KanC-R TCGCGAGCCCATTTATACCC
Hyg-CHK2 CTTCTCGACAGACGTCGCGG

TPS1+1313 TTTCTGATGCCATCAACGAG
TPS1+1473R | AGAGGAGCTTGTTGAGCTTG
TPS2+2506 CCTCAGCAAGTCCTGGAGAC

TPS2+2650R | CATAAGCTTTAGATGCTAGC
TSL1+3075 TCCCACTGTGTCAGTGAACC

15 -":r'-\.ﬁ-! -'::I 3 1:]



Sequence

Primer (5" to 3"
TSL1+3230R TAAGTAGAAGTAGCATCACC
NTH1+1577 TAACAACTTCAGCTATGTGG

NTH1+1729R ATGCCCAGAATGTAGTTGCG
ACT1-CHK TGACTGACTACTTGATGAAG

ACT1+1000R TGCATTTCTTGTTCGAAGTC
CUP1+30 TGAAGGTCATGAGTGCCAAT

CUP1+192R TTCGTTTCATTTCCCAGAGC

16
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1. AAMA &4

ofN

T w78 A 77 A4 vlRE 9@ RNA sequencings
APy, AHA RNA sequencing #412 YPD, 30C9 7]
2NN EF dF21 SPC70—-13 SPC73-2, 4 <21 Lesaffre,
OYC—us, OYC-LT, & 5 %9 #59 RNAE F=53}9 sequence:
Hlastgleh, olE F3l WdE Ul target FAAE FHuA Qi
A RNA sequencing ¥4 113 WA target FAAE 27] $13)
=53k F-AFeE ARS8 7FAY sucrose %7 ¥2 LD (Liquid Dough)
vz ol A wjok3t SPC70—13 Lesaffre 752 RNAoIA e}
LD #lA]+= sucrose 20% &% (LD20)9 40% &% (LD40) F+ FF&
AFE-3F AT

% RNA sequencing A¥oA 5 Z; HluroA] FojulshA wa
T7F Aol v FAAEE etk oY s A, deletion
TE AR o Fdo] MaE W FHA FERISS D7 &
ﬂﬂ Hmdold A d#FHTt SPC w5l © @o] wdsy

= Agslt. AWA de WA target RS 3
RNA sequencing data°llA+= SPC73—-27} t] Wo] W&ty Q&=
TAAESs dYste] ¥F FAAE Ao, o FHx F Id
ztol 7t g AAY, oju] dH X 5Ao] ¥E WA dAd U=
TIP1, TIR1, TDHI1, ZRT1, ZPS1, ANB1 6705 A3kt (29 2)
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/| Commercial strain 1

89

/ Commercial strain 2

SPCT73-2

Commercial strain 1
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/| Commercial strain 3

Commercial strain 2 Commercial strain 3



a9 2. 3F WA target A2 ABE ¥ RNA sequencing
A3 9 target FAAS TH x|o]

A. ¥F WA target A A4S 98t RNA sequencing A% F SPC73-2
TFoA A 75 (Lesaffre, OYC—us, OYC—LT)eol| v]3] vl Wo] &3lstx
A AR del Aol ZF vludelA FEHeE vEd fAdA T T
& zpol7F AAY EHo] #HHE F-AA 6715 AT

B. RNA sequencing Z¥2 heat map®|t}. IHo|A WMoz YEIGFS
FAR ] WE YLt 2 Aola, SPC73-204 Wo] wdstHA VA A
TToNMeE AA ddsta e A" FEolA target FAAE B4
qF ol £33 FHx T B Fro Ao7l AAY BE EAHo] Rauw
72 TIP1, TIR1, ZRT1, ZPS1, ANB1S Aeson g5 Fio: &3
A kAT e Ao)zb Wl ZA yERd TDH17HA] x233ste] & 6719
target FAAE A9 3T

A target FAAE F7] 18] SPC70-1
TAAES dysielo™ 1

L 5] guin fAA
GNP1, IMA2, GIP2, CYC7, DAKZ2, SUC2, GPH1, SPG1 87l&
ARkt (2" 3)

17l ekl o] AFtellA deletion AlRS W freeze—thaw
resistance X+ hyperosmotic stress resistance’} &7}3F Zlo]
Hud FHAE F7Hez A dE WAelA+= POGIL,
HSP104, INP51&, 19 uAelA+= LTV1, TIM18, YARIE
AR o HFZOE deletions 918l A target FH FA%}2

222 % 39 Felstgi
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A Commercial(20%) / Commercial(40%)
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422 524
SPC70-1(20%) / SPC70-1(40%) /
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I¥ 3. 13 WA target +3A HAFE 1% RNA sequencing
A3 9 target FAAS TH x|o]

A. 13 WA target F+3A AHE 93 RNA sequencing 23 5 SPC70-1
oAl A w5 (Lesaffre) ol vl o w@o] ddsta JUAY 2+ #5vict
A WAl LD20A o Wel] wdsty = xS A Adolrt. 7t v
wrelA FEAoE Yepd A T wd xbolrt AAY 540 #HEE
Az 8 A st

B. RNA sequencing ZA#2] heat map©|th. vt7tA 2 T oA w7 o7
vebges A0 B l vk 2 Zlola, o UbA FR iAol B
SPC70—194 wo] walatAY, Agu)A| oA wo] vl FES WA
sl FEo &3 GAx = I3 HJro xol7F AAY BE EFHo] B
42 GNP1, IMA2, GIP2, CYC7, DAK2, SUC2, GPH1, SPG1 % & 87}
A7 skl o

s :L
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¥ 3. RNA sequencing A3Fo|A X33t deletion target A}

For ORF Gene Description Source

YBRO67C TIPT1 Temperature shock-inducible protein RNA sequencing data
YEROTTW TIRT Tip1-related, cell wall mannoprotein RNA sequencing data
YiLoszw TDH1 Triose-phosphate dehydrogenase RNA sequencing data
YGL255W ZRT1 Zinc-regulated transporter RNA sequencing data

Cold

stress YOL154W ZPS1 Zinc- and pH-regulated surface protein RNA sequencing data

tolerance
Anaerobically induced, '

VIRO47C ANBT translation elongation factor RNA sequencing data
YiLizzw POGT* DNA-binding transcriptional activator Sasano Y et al., (2013)
viLozelw | HSP104 5 Heat shock protein lwahashi et al., (1998)
YiLoo2C | INP5T6 Inositol polyphosphate 5-phosphatase Stolz et al., (1998)
YOR508C GNPT Amino acid permease RNA sequencing data
YOL157C IMAZ2 Isomaltase RNA sequencing data
YEROS4C GIP2 protein phosphatase RNA sequencing data
YELO39C cyer Cytochrome c isoform 2 RNA sequencing data
YFLO53W DAK2 Dihydroxyacetone kinase RNA sequencing data

High

sugar iL 162w sucz2 sucrose hydrolyzing enzyme RNA sequencing data

tolerance
YPR160W GPH1 Glycogen phosphorylase RNA sequencing data
Protein for high temperature survival '
YGR236C SPG1 during stationary phase RNA sequencing data
YKL 1430/ Lrvr’? Heat shock Subunit of the EGO/GSE complex Loar et al,, (2004)
YOR297C | TIM18¢% | Component of the mitochondrial TIM22 complex Du et al, (2007)
Nucleocytoplasmic shuttling

YPLZ39W YART 7 assembly chaperone Loar et al.,, (2004)

22

1T



2. X 4R} deletion @5 AZ

=2

39 FHAA HEof thsle] homologous recombination WH
ol-g&3l deletion ¥FE Attt HFA <l Hx< CRISPR-Cas9
AR
G 5o)A transformatione ©]£€3% homologous recombination®. =
deletion ¥F& #|&tsh= Wio] 2 24 Q7] wjwol A3 HE
Q8] 44 S =2 homologous recombination WS A3t WE
WA target AR A$ SPC73—-29]4  deletion wWIE
Azstd o 13 WA target AR A9 SPC70—-1°A4 deletion
55 AFstazt o, dds o F gle EAl g3 diploid
oA deletiono] 2= ¥A| ¢ro} haploid ¥F<¢! SPC73-2
MATa tFolA deletion wFE A&k, %3k SPC70-1,
SPC73-2¢} & oA w#FolA FAA &S stua 7] wio
Ura, Leu 52 auxotrophic maker”7} obd Kanamycin A, Hygromycin
o Z& A AFY FAAE markerE  AREEIRITH o] EA
A ZGE sl sk A S ofef 43 3ol Akt

flo o wo

ol

}# 931 homologous recombination WHS AFE3 A

oy
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¥ 4. 9% Y
_?__

A 1 YA 2 target geneoll tiste] A sH
=

deletion #F2 &
Target gene Mother strain S EEIE Strain name
marker

POGT pogTA
HSP104 hsp 104A
INP5T inp57A

TIP7 tipTA

Kanamycin A
TIRT SPC73-2 and HriA
Hygromycin B

TDH7 tdh 1A

ZRTT zrt7A
ZPST zZpsTA
ANB1 anbiA
GNPT Kanamycin A gnpTA
IMAZ Hygromycin B ima2zA
GIP2 Kanamycin A gip2A

cycrs Hygromycin B cyc7A
DAKZ2 Hygromycin B dak2A

SPC73-2 .

sucz MAT2 Hygromycin B suc2A

LTV7 Kanamycin A ltviA
GPH1T Hygromycin B gphiA
SPGT Kanamycin A spg 1A
TIM78 Hygromycin B tim18A

YART Hygromycin B yarilA
.
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3. Deletion #F¢ g JA QI

¥ 48} o] A|ZE deletion ol thale] wEel AHP oy
545 sttt WA ¥ Ul target FAAFS] deletion ol

gl —20 Tel B MEE 77U Axk wiA oA wFs A}
SPC73=2°l Hl&l poglIA, tirlA TFolA <FZ+e] viability] Z717b
#AZE Y, GE F429 deletion #EFAE F Ao]E HOolA
okoxth. SPCollA st CO, HAZ et test A3 Al vt
dJs F EE FF4AM COr Bl Fadh=dl,  poglA,
trlA dFoA BdFel HlEl CO, WA A Amrt FoE
2O Z YErRT (19 4, 5)
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a9 4. d%F WA target FAAXY deletion #Fol Wi —
20 TolA 9 viability

A. poglA, hsplO4A, inp5IA, tiplA, tirlA 452 viability A Z}o|t}. poglA,
tirlA o)A B2 SPC73—2¢f H]3] 2E7F9] viability 7} =7}38t o] T
ZE et APeA iz #F=E AFES commercial 1, 2% ZH7F A9 75
Lesaffre, OYC—us w3©°|t},

B. tdhiA, zrtIA, zpsIA, anbIA 52 viability A#o|th. H #+F EF £ 0]
3t zpo]E Hol|A| ¢gktt. AdAM F #FE AR commercial 1, 2, 32
27y AFe] #F< Lesaffre, OYC—us, OYC—LT o]t}

3 poglA, tirlA dFo)A = SPColA R8st koA A3}
2 ATl A5 23 sE mediaol A8 A T4 trehalose level©]
Z7Fekdch (19 6) 1™ 69 BE HW, WYE e a1 A
w2} trehalose levelo]l F7Fskl o™, wild typeoﬂ v]& POG1, TIR1
deletion ¥°llA trehalose levelo] f-2u]stA] F7F5k o] ElRt
ol poglA, trIA ¥F7F wild typeel H|F| stress F71ofA]
trehalose® © o] w¥hzo] o] stressZFEH AHEE HF3}
AyAow wg g8 Trleke Adeta & o T
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goaooocoon

pog1A
W Before freezing
Bl Right after freezing
— = Week 1

[ ] £ Week 2
B3 Week 3
O Week 4
Bl Week 5

I Before freezing

= Right after freezing

= Week 1
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BB Week 3
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¥ 5. 3% WA target 3RS deletion @l thdk SPCO
COy A=

A, B, C. SPC73—2(A), pogIAB), tirIA(C) #FolA BE AZ X 7te] we
COp WHA=ke]l wigl Az ggizolty. AAdoez Wdg o|F CO; Ao
ZHsk=d, SPC73—-2 Bl poglA, tirlA TFANA  FHAiEE AE7)
Zol &3t

D. Y% UA targetoZ AAT f-AA}eo| ojs] Az deletion #FolA d%
T COy A=Y A AxE ekl g#xolty, X5 SPC73-2¢)
HRE o agria #5704 71 4 57 A 2450 28H, poglA,
hsplO4A HFANNE a2 AE7F 2% = olglst FFolA Bl
Hls)] W UAdol /AE Aow Rl
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1Y WA target FAAFE] B9 LDHiA A A5 cw wjdAE
o] o] viability 2} sucrose 25%%] HtFoA CO2 HAHS FA WAt
Be 7ol Bk vludles w fFov|d Jhide RolA ekttt
(14 7,8
15+
B SPC73-2
- EE pog1A
2 B hsp104a
3 o 10- — SP
o = — 3 tip1a
@ N ,
k=2 B3 tir1A
©
£ £ B3 zrt1a
23
= Bl anb1A
(3]
3 tdh1A
04 B3 zpsi1A
10- ; L L
E H *% ; *
_o
22
o= B BY4741 WT
8 E EE BY4741 pogiA
23
23 B BY4741 tirlA
£
©
o
S

Normal  High sugar Cold Heat

a8 6. Y4E A target FHAY deletion T gk
trehalose level

A. SPCOA At W= AlelA o] Aot} poglAlA Bt SPC73—2¢]
H])3) trehalose levelo] ThA =718 A& & 4= Q)

B. & AFellA A F74s uiA AElelA el Aol ¥Ey 1 AdEel
2} trehalose levelo] &71& ¥wt olye}, wild typeol Bld| poglA, tirlA T
ol FemlstA trehalose levelo] F7ksh 215 &<lskqlth. 12| oA Heat
o7 BAE FEL2 42 CTolA 15 #3F heat shocks <+ positive control®]
=3 . -
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gphiIA

yarlA spglA

.

a3 7. 13 YA target AR deletion #Fol Wd 1%
X)) A Q) viability

A. gnplA, imalA, gipZA, cyc7A, dakZA, sucPA dTFolA EdF<l
SPC73—2 MATa #59 13 HiA|elA €] viabilityE ¥ w st 4zjo]r},
viability 9] §2v]3t F71= Kol Ax= yehgA 9kgtt

B. ItvIA, gphlIA, spglA, timl18A, yarlA w4 EoF2 SPC73-2
MATa w7 113 s M9 viabilitys ®|w e ZAzto|t}, wpzlkrpx|
2 FouEtA viabilitye] T7HE Hol= A¥dE B F gl
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Sweet dough
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©
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8 21
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©
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a3 8. 113 UA target FZA9 deletion #F°] s 12
HkSo A ¢ CO2 HAHF =3

A. ItvIA, gipZA, gnplA, sucZA, imalA, dakZA, cyc7A Tl BT
SPC73-2 MATa vt 113 W= AejolA e COp BAZFS vlust Aol
oo UAd e folm st S YERR] sk

B. timI8A, gphlIA, yarlA, spglA oA B9 SPC73-2 MATa 452
a1 ¥ e A COy DS nlwst Aytol), upxrx 2 F-oujshA 1L
T Aol F7FskAl Skt
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BEFel B W Fv|st ANE Wl poglA, tirlA TFONA

st= Aol #ZHQY (2" 6) ole] POGI,
TIR1 deletion ’}}%hﬂr trehalose?] <7} kel #AE FU7HHo=
sl S8 #E FAAES AT AlE WelA trehalose®
Ad3k=  Trehalose—6—-p2 #HHE  gene?l TPS1, TPS2,
TPS3(TSL1¢  paralog”) ¢}, trehalose® E3)]3t= enzyme?
trehalase gene NTH19 23 %HS qRT-PCR¥} Western bloto.=
gl Ay} stress 27, F& dFof wet {Fougt xpo]E HolA
ekt (28 9) ©]i= POG13¥ TIR19 deletion®] trehalose?] 343}
Faflo] RdAl oJsk "= 7Hd Al oJeks w|x7] WjFEo g Hlt),
olgst AHAAE B WA et HaAAeE e |
AE HUu}+= trehalase® activityY trehalose®] phosphorylation 5%
o] protein leveld|A o] W3LE st F71Z2l HFo] HsQT
now Aztdn
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Relative RNA levels

@
=3
1

Relative RNA levels

Tps1-GFP

Hexokinase

Tps2-GFP

Hexokinase

Y
onN B

onN B O ®

F -, ]
& 8

TPS2
TPS1 ;
18 ns

]
@
k1
ns §
o
2
K]
]
o

H BY4741 WT

Normal High sugar Cold Normal High sugar  Cold EE BY4741 pogia
BB BY4741 tirlA
TSL1 NTH1
‘ ns .
; ; 304 ns
K"}
]
H
h <
F4
1 74
2
;]
]
o
Normal High sugar Cold Normal High sugar Cold
Tps1-GFP
08 ns

Normal High sugar Cold

E BY4741 WT
B BY4741 pog1A
B BY4741 tirla

WT poglA tirTA WT poglA tiriA WT poglA tiriA

Relative protein levels
°
a

Paep————— N NI

Normal High sugar Cold

— —— S D GEL G G D

Tps2-GFP

I BY4741 WT

R BY4741 pog1A

T T S — — —— — — EE BY4741 tirtA

Relative protein levels

Normal High sugar Cold

34 2 M E g



Tps3-GFP

Normal High sugar Cold

I BY4741WT
B BY4741 pog1A
BB BYA4741 tirtA

WT pogiA tirTA WT  pogiA tirTA WT pogTA tir7A

Relative protein levels
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I8 9. poglA, tirlIA T#Fo|A trehalose THH FARS 4y
B 1

A. trehalose &# F# 2} TPS1, TPS2, TSL1(TPS3), NTH1 222 w&
S gRT-PCRZ El&E Aol Wsy 319 & stress 7o we},
POG1# TIR19] deletion®el] wat 2wk RNA o] ztoli= Holx| &k
=

B, C. trehalose #& §x4 TPS1, TPS2, TPS3(TSL1), NTH1 f-#ke] =
S western blotC® Folg|® Axto|t}, wpa AR stress FAo] uwheh
POG1 &2 TIR19 deletione] weh f2m|dh ¥ W& o] Apo]= HolA]
&3kt
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5. CRISPR—-Cas9

Homologous recombinations ©]&3] WX 59 A%
SAA A FHATE target FHA sequence QFOE EO17HA
HER Y 5= 9% FAdA7F 29" GMORA 2ol AHgE
F 9tk WA CRISPR-Cas9< o] &3] F4d# ©dAE deletiondted
QF-o] F-HA} ESHEA] 9= deletion ¥ 5 WEILA FFSITE HA
target 722 ORFY upstream F#3¥ downstream %2 PCRZ
*35}lod donor DNAE A 2stal, ©] donor DNAQF Cas9, sgRNA 59|
XotE vectorg AXE ko ® Yol Cas9el 3t double strand
break7} W3ty EA]o]l donor DNA2F homologous recombination®©]
WAgsle]l A ORF7F deletion ¥+ complete deletion'® o] 7}531A
sl3ltk. GNP1, DAK2 GollA o]e e W& AR&ste] deletion
55 AFsE I, ¥t o=R  deletion FE &2l marker
sequence’} EAISHA] &7] djite]l PCR band® #A7]Z deletion&
st F448 ORF H#& deletiond}$l 7] witoll ORFo <tz
% sequenceZ primerE AFE3le] FFHA]7|H deletion®] A &
FAA Bt A717F & band”t, deletiono] ® F@A P& A7)
22 band7} YERA @l Diploid #5014 deletione e 7-¢
%+ chromosome®lA] EF deletiono] =Astd =2 =719 band$
e, el chromosomeo| ATt deletione] WASHH M= o
2719 band7} F 7 dERE Zelth, ¥ 104 1¥ colony+
32l chromosomeo] AW deletion®] ¥WAISH Z4-$-o]™, 4 colony+
%+ chromosome XE-FoA4 AZ deletion® Aot} o]e} T2
WS AME-ste] SPC70-13 SPSC73-2914 POG1, TIR1el tjsl
deletion #FE Agttd, GMO A5 T + Ue Ha FHo]

Holyh #5294 + 9 Aotk

4 ofX
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WT
3323 bp) *§

gnpiA
(1331 bp)

M : Marker, 1 ~ 4 : strain
WT : SPC70-1 Wild type
N : Negative control(DW)

1% 10. Complete deletion®l] 2&J3] TF=X gnplA #F¢
deletion &91& $]3% PCR 2%

Cas9 module?} donor DNAZE ©]&3%t complete deletion WHOZ
gnplA 55 A ZsLA k. FAA A deletion® H#ES = PCRES A
&3kl band®] Z7]E deletiong AT 4 QIt} 3323 bpel & bandi
deletion®] A ¢+ Fx A=, 1331 bp?] #& bandi= deletion®] #
AAES st} AFE3E 5= diploid ¥ EM chromosome F 7| &
sttell A RE deletiono] S A9 A717F th& F band7} FAlel ek
Un, ¥ chromosome EFolA deletiono] ¢48¥ ¢ S 779

band® YERA H ok

: B



SPC w58 A% w5 3He] AAAl £42 $3l SPC dF°lAM H
ol MAEE= FAAE v I A¥ dF A= F 9719
TH FAAE, 19 WAdA = F 119 FAE S 5 Ak
o] fFHAkel ™l SPC HFollA  deletions X&ste] FFE
gkl sl v Bl vlis We Uil e 19 Aol
MAE =2 AR5 Attt vy WA 11719 FdA SelMe
Made] gl = FAaA7E AN, ¥s WA & POGl3 TIR19
735 deletion wFolA EaFol vl Ws & CO2 HAAZF Ti
ATt ZolE59om (18 4, 5), stress 219 wet W= media
L

T A trehalose? o] S718FR Tt (19 6) ©]+= POG1¥ TIR19
deletion®] trehalose level®] 7ol 2z, 7H A JdFS vzl 4
A= SAZM, POG1Z TIR19 deletion #Fold W% wjAdo]
Batre] vlaf e AS AWE e 27F H7)% gk sk Rk
POG13} TIR19 deletion “F3ollA] trehalose?t ¥HE FHAAES]
RNAS9L iz g ol= zkol7k gIgl7] wiEel (29 9) POGL1#
TIR19] deletion®] trehalose gene? Wdo= AHH o7 & FX
oS Aoty F=H POG1H trehalose synthase gene?l TPS1
Atole]  genetic interaction®] SQAth= HIPrE dAIEE, FAAQ
W Hug a\brb gla, 48l POGL¥ TIR1Y 7l oA
trehalose®+= #A7F vk, webd POG1¥ TIR19  deletion¥}
trehalose level®] Z7} 7+ AaadAE Ry wWEs]) 93] 7] 230
F7H4 Q1 A+7F F Q5.

g WA 114 F8x FollA Ao Wyt Sl FdA
e okttt (18 7, 8) 184} RNA sequencing data®l] Y2 E &
FAATE deletion FEEA 7FeA Sl FAAOIEE, Ake] HA
B e ARt fiste], e F7HAQD AME S8 H=Ed o
AR el tiste] FRlalE Bart k. AR A 22 oleld

S matingd 2e ABAA wWEY wEe Fustu wo
S A=~

m e

O

E oz ¥ ATl GMO A WU AEE 5 g
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complete deletion WHS F=3%9t}l. Diploid cellolA] o]} &
HH 0 2 deletiong 2 F% Cas9 BEE& AATC=ZHN
= 7Fs/de]l 3tk o]y e WH-E

UM AFT WA BAE B target FAAE ZE A2 gEO
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Abstract

Improving Fermentation Characteristics
of Commercial Baker’s Yeast
by Transcriptome Analysis

o] &1} (Heena Rim)
A 2185 (School of Biological Sciences)
The Graduate School

Seoul National University

Most of the yeast currently used for baking in Korea is a strain
patented overseas and requires payment when used. Although unique
strains in Korea are being developed, the reality is that it is difficult
to commercialize them due to the lower fermentation efficiency than
overseas commercial strains. In order to improve this situation, this
study attempted to improve the characteristics such as fermentation
efficiency of domestic inherent strains developed so far. The
domestic strains used for the analysis are SPC70—1, a native strain
developed by SPC, and SPC73—-2, a hybrid of SPC70—1 and
commercial strains, and overseas commercial strains Lesaffre and
OYC strains were used for comparison. SPC73—2 strain has excellent
fermentation properties similar to commercial strains, but showed
slightly lower freezing resistance, and SPC70—1 had poor
fermentation properties under various conditions, including freezing
resistance and high sugar resistance. Therefore, it was intended to
increase refrigeration resistance in SPC73—2 and high sugar
resistance in SPC70—1, and to produce strains that can avoid GMO

regulation, it was intended to produce strains that have deleted target
§
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genes by CRISPR—Cas9. At this time, in order to select an effective
target gene, 14 genes that are more expressed in domestic strains
were explored by comparing RNA sequencing data of domestic and
commercial strains. In addition, through literature research, 6 genes
were added to produce deletion strains in domestic strains for a total
of 20 genes. As a result of comparing various traits such as the
fermentation efficiency of the produced strain with the mother strain,
it was found that the fermentation efficiency increased in the deletion
strain of POG1 and TIR1, and the degree of decrease in activity under
freezing conditions was reduced. In addition, it was confirmed that
the amount of trehalose protecting cells in POG1, TIR1 deletion
strains increased, confirming the expression of the trehalose —related
genes TPS1, TPS2, TPS3 (TSL1), and NTHI1, but there was no
significant difference. Additional wverification 1is thought to be
necessary to investigate the correlation between the increase in
trehalose in the situation of POG1 and TIR1 deletion. In addition,
using the CRISPR—Cas9 method, the final method was devised to
delete specific genes without markers in the genome in the SPC70—
1 and SPC73—2 strains. Through it, it became possible to produce
domestic strains that can be used without violating GMO—related

regulations in the future.

Keywords : Baker’s yeast, transcriptome analysis, cold stress
tolerance, high sugar tolerance, trehalose
Student Number : 2020—27560
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