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VTR, DNA FHHLZ Hfio A A7 o 2 TFROREICLY, &5, EEL, N1 4
BB L, ka2 H AW E A X D AN FREIC /o7, L, BFHIOH D
THEAFEICED E T, BEMEVOERDIUENLETHD. WA OWEHGERE,
WA FETREE, IR, BIFEM O], e DA L ANOMPIER Y, ka2 EHR R
HAEETRIZEET LD, ZNo0n ENEY THIZB T AEE IV THDH. L
R O BITIE, Bix 7RI SO FET 528, Avbisd FkiTkIc
WD 3DODT T AZKMNTHZENTES.

1.1. REAFE L E & KRB R DR

1.1.1. 8EMLGFE

Tk, MROS BIZITEEITFIE, SF 0 BRIRB 2 3780 2 BB AUGHR
COVWTOREREMNTRIsFUES =7 v b 2@IRT 5 89 RFERISHV LR
2, [2]. LasL, »2RBMOM L 2 DHMEIC OV TH D 720121, IS, 7
THEWTFER, EWML T e L, BHED ORI D030 2 FR A2 FE A LT TR MER o
FEEM LT ORISRV, £, HICE SN TV ARVWERBAIZ SV T, 20
K9 I EIC LD ERBP GO NV S 5. D7), SRR RIT

FACHERIEI O TE L VBN TS, oM, Tk O & 9 e @O B s AR
AR LV EISN TV DHEMERRBIZSWTL, #—F y MNEBFOBEM»ZT
EL720, ZOMOMAENE TER LIRERITHETICREETH 5 (3], [4].

1.1.2. S UFLIEFE

—77, FEERE#E5], ZEGHlel, BT FAERGFEIRIZ], i3S Ave
7UV&M&wok$%Tm,%%%%@M%@%Eﬁ?%ém.:n6®%%@

R ELTHDLBEDD T VX LREREZEZ L, BIEMZERIED & 5 28 SR 2%
ESELZELEEMMALTND. ZOERKEH DT TIX, MERMIZ—HEOLREKITAHH
IRERAEES L, BEHBNBHRICHAR TR ET 22855, 7, BREOEM



HAZ V== 7T E, TROOREHEBELENT 22878 TES. LLT v F A
BRFEE, EOBGTOX B OEONEBINC T Lieh b v o R AR L 7
W, BEMARONTHZOERLIGLRIFTE LW sl 2ok, BRI
b;ofiﬁﬁﬁﬁﬁm%ﬁﬁféxﬁ)~*/&%%ﬂﬁ%ﬁ%Aﬁ%5m.Wi

, [8] Tix=% 7 —VAEFEH TH D Kluyveromyces marxianus © UV (2 X 5 425K
RFEFE D%, 25,200 bDOERKOFEREIGER 2TV L DT ) —VEERZIE LT
Ay

1.1.3. #ABMNLFE

THFE T, A7 AFMOBIGIZ LY, Hix olRicd 2BETORIE (7 L) b
GHEMORIK (FT7 A7 VT h—2) ORI D/NA Z)V—"T" N5 RT3 vl HE
otz Fio, REIOERWHEIZ LY, Bl S e 2RI ES < EMEE FOWE L
ET D LD RIS L IREB AT D L o127 TWnB([2], [91-[11]. 2 & 9 ek
DRI IE S RS B FiE%2 2 2 TIEDRESEATE) LIRS EAHENTIET
REFLO BRI ZROMICAE U Bm 702 v XV EOE DR ETERETDHDOT, T
S LTIk E FRRICEBIBE O 2 NI L L. £70, GENTE L RERC, BE
HAFETRE LB FREOT T, FERICRIOM FIZ572R0 5 8 in i
B Dk BRI AetEmae G2 o12]. FlziE, =% 7 — LA ML RIZE S SNl
Bl & A R L A7 Y = FORERL E D T A7 U T N — ARATIC K D Hik
WZ&kV, N N7 7 AR LI IAABEERTIE= ) — VPEIC A S L
TWa s snz[18l. ZoEs<iE, )7 b7 7 o Ot~ 5133 L
CFHARTORND, HIOFEROHL T, R 7 — ViittEzm S8 2 L 9 2Eis T
A=y NERETHIENTE., £z, BREMRTEZXT V¥ 2 FEEEAED
HHZELATHD. FlIX, 7 F AFETHONT L a—ViitER S, Z OBk
ET AHIZ R, BER O Z ) — VB IO Y T ) — Uittt A m LS E S ERT
BRI —7 Y FOREANEESNE2]. £, KBETIEA Y 74 — ViR
EBMRE DT ) AEIZ LD T L a2 — VB S IC B R B AR T EE X — 7y b
EHRATHZEnTERN4], 18], Fhunt, 25 AEAELLBEBTEARKT A T
Z U — ORI LM ERE W X 2 MRS S ORRES, RO X ) — Vi
[16]°KIGE D 1-7 % 7 —ENTNCEH ST D, Zhnb b, B o
ICE W ERHA IV AT —F 5B AL—TF > FTREAREE R BICLER-T,



FEHENFEIETETEEC > TS SN D.
Vi, SEIMTFE, 707 AFER LA ERFEORG RIEIZ SV T Table 1-1

THEEDD.
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1.2. A3ROI 9 ADK|KRRIZCEITAHHAEDIT

1.2.1. AR ROBME

DFEMFOR FIARIZIZRY, BEFROKIVTEE T (DNA) »HiaE
v, EREREY) (mRNA) ICEEESH, SOICX N7 BICHER S, Bix 2 Em=aork

REA B3, MIRNOEEG T, BEEY, ¥ 0 EoRKIE, ThEhs /A, b
YA UT =L, Tuard—hEFV, TOMERNEITICED ARSI ) Y
A, NIV AZ VT RITA, TaTAI s ALMEND. 2, @R Y R0
DF XL AE, HE, ZHBIhbZ LI AR TS A BRI RO RO
FMBOBRE & g S, Z oI BITH A I 7 ABERRT 5 & s T&z(18].
7o, BRDA X 7 ZJg LR, MRANORBFHOBKIL TA 2R e —L0) LEW, £0
MBI 2 P & LRI [ A 2R a7 A LIEEND. A X Re 7 A%
FIIVARNT A YT R AR LT E ZABLND, WL DD D i TR
ERFoTWD., ZO—DEFRG LR 50 TOHTH L. —KINIZ, AERICFEET DG
WM OFEFIX, & OAEKRDOBIEFE K V@)D, Fil 21X, HZFEERE (Saccharomyces
cerevisiae) D 6,000 ¥T < DB 123 L, 1L 600~1,000 & HEE XA TV 5[19].
—F, FIIJA, NFUARIZ VT NIV A, TaTAIs A, ENENL—DODOHHT
7Ty 73— LT, ZORMRSFOIFFEEELHIE -FHIIT 22 R TED. Ll
AZ R 7 ATIHRBEPOLFNZERIEIZ LD, — 2 O0HEEE T2 TONRBHE K
H-BEST2 280, o & bTHEARMBEMIZ OV T [201BE TIEARFRECToH 5 (211
FTo, BlaT, BEEY, BIOZ X7 HEIZ, —IC—x—0BERI RSN, R
HTENT, EEORHBISIZED > TWA[22]. Linn->T, &R ER
DEAGIZHONT EIRIZENDIFY, EDORBERIR £ 7213 v E BB LT h &R
RD LIRS TIERO. ERIL, AXRu I 72T 2%, B () B30,
EREINCH S Z &N TEH23]. T7bb, 7 I R(14], [15], [24] Tid—ICE
GrOREE, T2 A7 )7 k7 R[25]-[27]1°7 07 4 2 7 A[28]-[30] ClEfE %
AR E B2 286742, EMMERE L THOWOLND ZENZNN, AXFRrI
7 A TIIRE O EBMEZ Db ONHEREFF> T\DH &b,

1.2.2. EBEMRIZCEITHA2KRA 9 ROKRT
DNA E2517 6 FKB F TOBBIEFROWAL, G, BRE5%HE, FHaR%ZHRHE

6



REICLYFWEZIT TS, LEER-T, /I A, hTFUAZ VT RI T RICZK
D BIR PR EEY) L ~L TR OE DA SN TH, T OEWBEKORIRC
SR SRV ATREME S K& W [B1). —JF, A& A e 7 AFIRBBUTWA I 7 AE,
DED AZ R —LENT 2REW MRS 5. 2O L) REFEND A X R
17— A O IE, SRR, ISR RO W b A A AR LT E72[32], [33]. £z,
R GREMC Y X BN BEBEROWMAUCEIT 2 BUETH D olzkt L, REtidkkx 72
HRAHIE ~ 7 R 2 R T I DBB T HEM Th 572, T OIFEROELITEY R OE
(B E T BRI AT R T D e RS 2R L TWDH &z 5(34], [85]. L7ziio
T, AR —ARI AT, HEH LAERBBIE BOVHEBEZRTEE2LNS. R
By & REAIOBIENERECBIE L TV 5 720, AR u—ADERIc LY EHOEHB
RNCBIET 2B PR ESND Z LRI TE L. DI EMns, AZRr I 7 X3
KBV F G D82 I MR B O JERERT TR O 70 70 &7, Bind -5 BRAYRR S B Fik
DR RISHFRIZBNTHHENREMRTHDL EEZLND.

1.3. I B

AR L7z K 91T, ARG RIEL, GENTFIEORF (B2 5KWB OO DGR
2R 5 2 L) BLOT ¥ LA FIEORFT (BRI 2Rt e LianZ L)
DE G EFHLEDLELWMANRTIETHD. £, A¥ R I 7 ARG BICBWCHA
ThirEeE2OND. TNCHEDLT, A ZHAnr I 7 2% VTR E O EH S X
Wipinotz. B AZ RO I 7 A EHAWEEAETYH, FNEEMATFE, H5 0
FERFELE LD TidZe <, thoeeny s, AEdT & 0P Lo 2T e sivd =
EMZV. Z LT, A¥ AR AEANTESL OFFEFITIE, R &\ o 2R
eI < BERE DRI, ©F 0 EIEFIED T2 OITRD IR A 4T H DA TH D, ZD XD
IR D, AZARB I T A% W R B OWFER 22T T, A ZARr I 7 ZDIEH
FIICEHRT 20 ER S DH L U, L EEEEE 2 T, AL SCCIIROME R %
E LTz,

(1) RSB ZBWE LI A 2R 3 7 2|2 K 5B BEANE s T DO YRR IE DRSS
(2) PAIEMKRLRBIECBIT 2 A X R e 7 2A0H AHEOFE]



1.4. ELRXDIERK

UL EDORZEE R Z KT D721, A XA n I 7 AR EFIH U= 328 Tk 2 1
Lo, REBRNFIELZBIRIORRD &, fix ORBIBIMEREO R R KA HWT, 20
KB OWPEI LA Z R m — LRI X DG E RZITV, T bS8 BT %
HAWTRER L2 R OBEEMH 2R ET D, £ LT, 50 Em Y &4
T DO DBIGFRES =7y NERETHLENI HDTHD.

52 B CIIARFIEOBRFETRC, MO 1- 77 ) — Vit Z2 5 & LT R R
BRI F, TOFEFLITEKICB O TEIFE T VOEENRFLERD. L)L,
AW ZZATT 2 O BITHEROBIEIEGE 7 MAESUED IR 58I/ o7z, £ 2T,
% 3 ECIIERIEOMBENZRMET 5728, BELHEOSE THOWHILS Random
Sample Consensus (RANSAC) 7 /v 3V X L&zIGHL, #ieTr —4~A =7k
ZhEgE LRRGE L7z,

B2 EEE 3EOMENEEZEDLEDLZLIZLY, AXFa I 7 A0 AP
BIZBIT AL R L. 37005, HehFEET AT 4 7 THRER~DISHICE
BRL7-EWVz 5.
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AARAIHVREZANV:EEF1-D42 /7 —ILitEEEEEFDIEER

2.1. ¥&5

F1ETHRRIE LI, A A—T >y MeA I 7 AFHITOFRRBIZL Y, ETo4
K FOHKAEITH Z &L TREMN LICEFSHET 2B FHBY —7 v FORE
(IS P/ BRAIRRS BIER TR e o 72[10], [11]. 2D K 5 72 FIEIFRBIA O K72
DSAE OfRIA 2 AR & BT, RO EGHMNG RIEO R BFT9] ZakECcx 5 &
HEND. £, AZRT I 7 ZTEENORS TREW & it 4 & L[34], [35],
AHATESHATED L EZ LN D(33]. A XA v 27 A3~ OREM R O
B, E73m AW SN mresI 32 < [36]-[39], A # AR v 7 ZA& Wtk Bk
DENWEPRBE SN TND.

ARG RIZEWT, Blx0E TSk & TIERR) &v o Ko 2 DY
TNDOIHEWT D6, TORBIIFS THDH. Lovl, 2 FBEOLLE LIZGE,
ZOMITHBRH SN TENORTHN BRI L T\ 5 bIF Tikienio o, (B
HhE < 72 5[40, [41]. — 057, EERRO RN K 0 8 S 47z B AR B (61 2 1)
&R L TV o R OE LS < 72 5 [42]17%, BN Z WSS 2 BRSO A
WITHEHMEC /2D, 2T, AR I AT —XOEEMEEEZFIA L, RSt EEZH
B840, BRBIBIZISEESE L, BIRETNVEBET 2N ERETH D
[43]. BUFET MCBWT, BEERRH#Y, DF D RS WHHBIREE R - 2RI,
AR TWEY =7y FOBRRIHANSLND. i, AZRe 7 AT — X IHIMEN &
K, BAFT v Ly PHREL, BRETLVOBRALEKE LToOFMAICE L TW5
EEZOND. Fo, R LRIV L OFEHELRARIZELY, e REZIRY 5 58K
KEZK LT, BEORBHIAMHEE T~ XL O ICHEOEE RS Z LN TFHITE 2.
ZDRD, RO NT AT VT I 7 AT MERR LA, TAUERRT & QLB |, Tk
SRR ETHERR ] O XS 7RI DT T ADY T NS BTV ZITR L,
A LR X7 ATHE MR R A BB [44] OB Ry 25E m [43] LW o T ERIRBI O E
BUTHTT VICHOONREBIRS S, £72, TTFAVOHEEICIE, ZELREOMES
it T & T VIRIR DS LL B I B 5 72 [45], (46156 7 fe /)y — 315 (Partial Least



Squares ; IEEREE# % Projection to Latent Structures % 721 PLS & & FE5[47])
WIS WS,

BT, U ED XS REYFET VOFELWITIC LY, BROREM L BEROH 5 A5
Wk L OV O BTG OHERIA T x|, ZOFHZFH L CREMom L4 B L
FHBETHREY —7 Y NORENAREE 72 5. Fl 2R3l i, FafGEE 0%
BRI OGONREM T 07 7 AV E T, FEamOBIRET VEE L%, FHm
BILEAHY ORFEITV, T O ORI RS HiT- AR ERET S 2 L1280V,
FHn DOIEAR TR DD T OMIAEHE WS 2 L2 <, Hil- 72 RHEOKEZ TS TREC
D ENRENT. LEXY, 2R a7 AFRIAE EE B LT8G A X
— 7y NOBARIICEH CTH D Z L B3RS, AR T TERMAEY DRk~ 7 E 2
FHUR (BRI, AEPEE, MHER L) OmECOWTHRITFENENTH D LB X
TW5.

ARETIE, MEBICEFEGT DA X R8I 7 A% AW BB R  OERR I & 5
THIELHME Lie. £z, ZOMEREIED, HIFFHENO 1- 7% 7 — Atz m kX
DA HMRIVL LTRAE. RO ARt OT 2 ) — /TN, 1- 74
=N D XD T v a— idiaEER s < (1, 1- 7% 7 =z XD MBaE O
B, =X —ERORE R E L W o ToifERE O T, & T HOZE M, DNA <

EEOMILS A=, RNA DGR E, Fra pBEREIRENTW5[48]. 7k, £D
HIEFTREZRRE R & UC, FEAnEEE, REIR Y AL, KAILRE, (ba WA ped
BLOUWGE, e 2EMRBVOIKR TR 6D, —KIC, MmttEE v o8& i
DENSDNRITHEINT DN DO Z 2R LTS, £z, HEMEWOWEINEE DK
T, 1-72 = AVOEETRICBIT 2EEREEDO —D>TH L EETLATVD
[49]. 72383, Clostridium acetobutylicum \ZB\} %5 7 V% F 4 BRI FE[50]3 L O
W DERER 1 elF2B O A R[511C L Atk m RixZ i Eiuss EMEmo 1-7 4
J—VAFEMRER A ESE T EHEINTWD. 2T, EWIC L D31 A EH AR
TRIZBWTED TH LT NV a— b ~OMMEITEE TUET RERBUTH L LB X
bid. DLEaENE 2, ABFECIIEEEIZIERL, 1- 78— /LA MLV AEMET
TOHFEEE 2 DORD 1 - 72 ) —)VItEORIE & LTz, 7ok, RUFZEIC W 2584
PRI L CIE, (1) EEARTERMEN TH D, (2) 7/ AMERDEE T T VIME
McThHsb, (3) BETHEERNELSNTWNDIB2E WS AT, HIFERR
(Saccharomyces cerevisiae ) % EBMELE U CRIRL7-. £72, HEFFRICBEIL T

10



FERF OB THER 2 L7 v a UBBRICHFE L TV DT, A ¥R e 7 A2 XK D
BT DRBOREA BREREGICATTEDL L0 AL, BEEREEOGITHND A Y >
FChoEEZXLN.

IIET, RO Z ) —VIPEIZ DWW T < OFFZERTOILTE T2, 231 ARk}
ELTD1-T7H = /VTHFEER SN HOTHY, ZOMMHEIZ DN TORILET
A TR, [24], [B3]CIE, —iF D FEBRE &I & 0 1§ D iiittEdk & 7 ) S RAT
THE L, ZOfE%, T2 RPN4, RTG1, YLR224W R FET 2% F 2 - T
T V= BRIZE D NI AR ISTMEIC B S LT R S e, £z, [54]
TIX 1 - 74— VRS MERR L itk & 7 0 74— AT TR L7=2Y, R b R
TIEME, 770 B r— VERRL, G A b L ATRERMIEICE S LT d R Sh, flix
DEREGTOF GPP2 (7 )t u—Lik 27 7 % —F) OBEEEBIXMPED M -4 H
Wizl STV D, RIFFETIE, #Rx elka A 2R v — LRATIC X D i &2 T,
W2 & VTE O MR 5B s & o T 2 & 2R AT

AR THW SRS %2 Fig. 2-1 12~ L7z, Ix#Is, Fix OFFRERKIZOWVWT 1 -
TH = NVIRING O O CHRREEE L, FOWBEE A 1 - 7 & — VIl O fE A
L. RS, [FAkE 1- 72— EEL (R ML A7 Y —) FHETHEREBL LW
MIfAEI L, A ZARa— AR 21T, R 7 a7 7 A L E2RdS Lz, Rt &
M 2 [B1R 7 AREEICHE U, =5 Ic S e & MR RIAR 2 on T A & 45
E LTz, 2o OEERGMITMMEICESEREE L TWD LW RHO S &, B AHHRE
HaZRL, REWELZFHEHTL7-D0BETUEY —F Yy MERE L. ikl i’
BOBE T UEEFFOPRERKEATL, TD1- 74 ) —)Vilithh L 2 2R v — Lfig
Wratr> 2T, ETNVOTRERGEL, AHEISOARMEZZEH L.

11



“\\ A /—E#%ﬂb—\
QQQQQ/QW C A >
> 4 9,%@/
APLREHTIEE 14 Tl 5 BRI T AL R EFER o
p_predicted >
= | — a ERBPOKE
‘ ]
=
ARLRT1)—
FHTHEE K& )
EERBYEERE
BICEOSGREFR

EA—HIbDRTE

il 2 DFERFEBRIRICOWT 1 - 74 ) — VG O ORI TOIEGRE A 1 - 7 % / — Vit
DIFIEE L, KA 1- 7% 7 —VEMEL (X ML AT Y —) TR L 72/l o R~
077 ANEROTEIFET VEMBE L. 7 M-S X & FEE R &2 R EEH Y
wHREL, TOMERFREOSREIY, B ELHET 572008 GFRES —F v Mk
BT, ik, BRELICBEBEFYUEELRFOFBAERKICONT 1 - 77X 7 — itk & A Z A r—
DENT 24TV, BT VO TR ERREE LT

2.2. EEAE

2.2.1. EEMH

AWE7ECix, HEERERE BY4742 (MATa leu2A0 lys2A0 ura3A0 his3Al) & O,
Saccharomyces Genome Deletion Project [5511Z L D #4E < 41, EUROSCARF =217
v = v (httpi//web.uni-frankfurt.de/fb15/mikro/euroscarf/stra des.html) 7>5 #fk X
N TW% BY4T742 OBSEME T —BUs FREER 2 L7z, IR AT O RAE
Mgz ix, YPD 7’L— bk (10 g/L BactoTM yeast extract (BD, NJ, USA), 20 g/L

BactoTM peptone (BD, NJ, USA), 20 g/L D-glucose (Nacalai Tesque, Kyoto, Japan),

12
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20 g/L agar (Nacalai Tesque, Kyoto, Japan) ) Zffif L7=. Rix s, AiLG#E, Abi#

TITEERESE R (6.7 g/L DifcoTM yeast nitrogen base without amino acids (BD, NJ,
USA), 1.92 g/L yeast synthetic drop-out media supplement without uracil (Sigma-
Aldrich, MO, USA), 76 mg/L uracil (Sigma-Aldrich, MO, USA) , 20 g/L. D-glucose) %
L7z,

22.2.1- T2/ —)LittEBRIE

-80°C CRRAF SN 7 ) Eu— VA v 7 %2 YPD 7L — h~fEE L, 30°C T
2 HEFrERE Lz, 7L — b RICRA LIZEEEZEITH LW YPD 7' L— bRk
T 30°C CT1HEERZELZ. HTILWYPD L—h RIZELEY I ran=—% 15
mLA®&D 7 7 /varF2—7 (BD,NJ, USA) 0 1.5mL @ SC EHHUZHEE L, 200
rpm THE & 9 55# (Bio-Shaker BR-40LF (Taitec, Tokyo, Japan) ) Z#1T\>, Fij& Fi#
& L7z, HI&ABEEIED D 0De00=0.01 £ 725 X 512, +VU =24 (Shin-Etsu Polymer,
Tokyo, Japan) % {172 50 mL&A®&D 7 7 /L2 F 2—7 (BD, NJ, USA)HF® 5 mL
D SC BB L%, RiEEEZRGL, 13 FIEE S B5R A To 72, RIEE D
ODe600=0.15 £ 725 L 52 ) a a7/ 50mL O 7 7 /b3 F2—7H D 6mL
D SC HHICR LBz, ARGEEZMB L. £z, A b UAMMERIE O 7= IR HIK
([C 1% FE21E 1.6% (vV1-7 & 7 —/V BTN LTz, REERIZBWT, MERHICER RO
ODeoo % iMark microplate reader (Bio-Rad, CA, USA)Z FIWTHIE L, XIEHsEH i

2R CHIE LTz 4 sS&FIH L ODeoo fED B #5564 1og(ODeoo) i RFHI D 7' 1 R iZ
T4y MU EBROEE 2 I & Lz, £, 177 % — LA NLAFTOR
HEPHIE L pstress & MAPEDFRIE & L7z,

223. A8 RO—L@BITAY Y TIVER

A B R 1 — MEATIE56] THE SN FIEICE - FINE T 72, KR FIEE, e
iE &R UFNEZ = AE52 13 ODe00=0.15 TBH%E L 721, ODeoo &2 iMark microplate
reader TIEBBFL, ODeoo=2 & 722 Wil CHE#HK 5 mL & 7 (/b % — (EA 256 mm, R
THA X 0.45 pm DOFA v T ¢ v — (Millipore, MA, USA) ) % HW\ClEIY L
7-. WEMEHEY)E & L T Ribitol (Wako, Osaka, Japan) 2 pg/mL % ¥ L 7=k 1
mL (methanol:water:chloroform = 5:2:2) (methanol, chloroform (Chameleon Reagent,

Osaka, Japan), distilled water (Wako, Osaka, Japan) ) O A->7- 2mL O~ A1 7 o F
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= —7 (Eppendorf, Hamburg, Germany) (27 1 /L% —% Ak, HEHIZHEEERIZD
JFo 2 F T E Tl Filo, 72U F U7 ETORILFIRIL 30 LN TRETT 5
K olC L7z, HhiH FE TR L7z %> 7 E-80°C THRAE LTz,

BN L7727 v % 4°C, 1200 rpm D5 T 30 47 Thermomixer Comfort
(Eppendorf, Hamburg, Germany) % i\ CA & 2X— k L7=. 850 pL Otk %
HLnv~wAZ7uaFa—7 2B L, 500 uL OiEfik (Wako, Osaka, Japan) % iz CTH»
<HLT=#%, 16000 rcf, 4°C T 3 oy Loz T o7, B 175 uL 28 L~ A 7
nF 2 —71Z% L, VC-96R Spin Dryer Standard (Taitec, Tokyo, Japan) % H\»Cix
DN 2 2 ATV, A X ) — LV ERELZ. £ D%, VD-800F Freeze Dryer (Taitec,
Tokyo, Japan) & H\» C—Be sz 447 - 7.

T TNVOFBRITITA T b E U b E T oo, A F v LKL 40 pL D
pyridine (10 mg/mL methoxyamine hydrochloride Z&#p) &M%, 30°C F CTHHEL
2B 90 AT 72, U UAkIE 50 uL @ MSTFA Z Nz, 37°C FTHI#ELAEND
30 AT o 7=, FEML STt T 24 B O 5 HIZ GCIMS Zbricfik L7z,

2.2.4. GCIMS 734t

GC/MS Z3#71121% GC-2010 Plus gas chromatograph (SHRAERT, Kyoto, Japan),
AOC-20is series injector/autosampler (FHEHUERT) 3 L TNGCMS-QP2010 Ultra mass
spectrometer (FHELEUERT) Z MW=, 77 AIZITIHEE 0.26 mm, £ & 30m @ fused
silica capillary column coated with 0.25 pm InertCap 5MS/NP (GL Sciences, Tokyo,
Japan) & AV 7=. Front inlet DRI 230°C (TR E LT ~U U AT ADfi &L 1.12
mL/min [ZRE L7z, BT LA —7 152 55, 80°C ZMERFL, #iv T°C b 330°C
F T 15°C/min O THIR S Y, £0O% 330°C % 6 /rflffisf ¥ 7-. Transfer line
¥ L O ion-source DR IEZ 1LZ 41 250°C & 200°C ([ZFRAE L7=. MS I 85-500 m/z
OHifH % 20Hz TF — 2 W5 L 72

F7o, LBV E— 7 ORFHREZFET 572012, C8-20 7 v DIRAWK, C21-40
TAHDRERBIOEY VoD v 7 A% L, &7 V0 E—7 ORI %
BIE L. 7o, BEREY 00, 6 7L TR o7 I s
WEIEAL, BTZLTV—=RFy J —F— =R > TWReW\WZ & &R L.
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2.25. T—A 08

GC/MS kv &Eon=4AT —# 1% GCMSsolution (BHHLLERT, Kyoto, Japan)iZ T
netCDF 7 4 —~ v h(*.cdDIZZH L, MetAlign[571%2 W CTE— 7 i, X—Z2 7 A
AHIE, PREFRFRIMHIE (774> A b)) Z217-o72. #i\ T, MSClust[58] % vy, [A
—LEMNZHF L TWD EHERN Sz B — 2 2R CRFREMICH— L=, 2 0t%, 7—
Z1751% Aloutput2 ver.1.29 [59iIcfit L, v —Z7 0 HEBIRE 21TV, &EBIHYEE
EIXPNEBEE M) C & 5 Ribitol 12 THEEHE L L 72,

22.6. SEEMM

S oY ERMEDOT — 21751 SIMCA-P+ version 12 (Umetrics, Umes4,
Sweden) |Zfit LEEBMNT 41T >7=. 7 —# 1% Unit variance (UV) TR —VU 7 L
Totk, B E B 2 AR, MVERRER 208 A% & LT OPLS LI &V [ElwE
TR LT,

23. HBREER

231 EEKRORV—ZVTELV1- TE/ —)LittEEIE

ARFZETIE, HEFBERE BY4742 SR LY, Th Bk L7 107 OB {sFfifkk
A2 FEBAEL & U7 (18D Table Al 22 M) . BEER OIRIITH 72 U, Saccharomyces
Genome Database[60] T [#RE K F] & i 2D BT OREER & AMFIE CTITIEIR L7z,
R G R - 1 3k 2 2 RS OB s T R OIS L TR Y, 2O —BIzFOME TS
< DBAGTFHIUTN R A G- 2, INFIHRMAENIZE T 2 enFPEIND. Lo T,
HR G R FIEEARIE L U, B2 B 7 e 7 7 A LB KO ERE 2 R R G 6 b &
s halel]l. =L C, MEINZEIRET VOREER FICIE, JET T — TG
HERE L OIREEBOSBAEREL THIEDBRETH DO T, TEEWTTHEIERE 2 R~
LS DGR FAER OB Z W2 Z L AR TH D EE XD,

AREBRIZADHNT, RRAROREE THERIZ L VRV AL, TIHERTIE, #H
Bk BY4742 3 X100 107 OERKIZHOWT, 1-7 % 7 —Lifkb Y (AL R) LHEL

(A RVAT U —) OFMET CHIHELZ N=1 THIEL, L NOEMZm- 34 Rk
Z IR L7z,
) Saccharomyces Genome Database |ZH5# S 72 FHRIC LY, FHHZEIET

LRGN T O TH D (33 #F)
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) BRI A B VAT U — 5 TS 2~ (BY4742 & DERERD
AIEMEREER 2 & W /S 90 #F)
® R LVOEEPH O A b L RS FEASE & 7R

Table 2-1. A # 7R o — ALEHTE X OCERET VESEICH W2 R

Strain Description in Saccharomyces Genome Database

aro804 Zinc finger transcriptional activator of the Zn2Cys6 family; activates
transcription of aromatic amino acid catabolic genes in the presence of aromatic
amino acids

azflA  Zinc-finger transcription factor, involved in induction of CLN3 transcription in
response to glucose; genetic and physical interactions indicate a possible role in
mitochondrial transcription or genome maintenance

basiA  Myb-related transcription factor involved in regulating basal and induced
expression of genes of the purine and histidine biosynthesis pathways; also
involved in regulation of meiotic recombination at specific genes

dal80A4 Negative regulator of genes in multiple nitrogen degradation pathways;
expression 1s regulated by nitrogen levels and by GIln3p; member of the GATA -
binding family, forms homodimers and heterodimers with Dehlp

gat2A  Protein containing GATA family zinc finger motifs; similar to GIn3p and
Dal80p; expression repressed by leucine

gendA  Basic leucine zipper (bZIP) transcriptional activator of amino acid biosynthetic
genes in response to amino acid starvation; expression is tightly regulated at
both the transcriptional and translational levels

leu3A  Zinc-knuckle transcription factor, repressor and activator; regulates genes
involved in branched chain amino acid biosynthesis and ammonia assimilation;
acts as a repressor in leucine-replete conditions and as an activator in the
presence of alpha-isopropylmalate, an intermediate in leucine biosynthesis that
accumulates during leucine starvation

Iys14A4 Transcriptional activator involved in regulation of genes of the lysine
biosynthesis pathway; requires 2-aminoadipate semialdehyde as co-inducer

mksIA Pleiotropic negative transcriptional regulator involved in Ras-CAMP and lysine
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mot3A

oaflA

put3A

rsf2A

SIp4A

skolA*

Stp2A

thiZA

biosynthetic pathways and nitrogen regulation; involved in retrograde (RTG)
mitochondria-to-nucleus signaling

Transcriptional repressor and activator with two C2-H2 zinc fingers; involved in
repression of a subset of hypoxic genes by Rox1p, repression of several DAN/TIR
genes during aerobic growth, and repression of ergosterol biosynthetic genes in
response to hyperosmotic stress; contributes to recruitment of the Tuplp-Cyc8p
general repressor to promoters; involved in positive transcriptional regulation of
CWP2 and other genes; can form the [MOT3+] prion

Oleate-activated transcription factor, acts alone and as a heterodimer with
Pip2p; activates genes involved in beta-oxidation of fatty acids and peroxisome
organization and biogenesis

Transcriptional activator of proline utilization genes, constitutively binds PUT1
and PUT2 promoter sequences as a dimer and undergoes a conformational
change to form the active state; differentially phosphorylated in the presence of
different nitogen sources; has a Zn(2)-Cys(6) binuclear cluster domain
Zinc-finger protein involved in transcriptional control of both nuclear and
mitochondrial genes, many of which specify products required for glycerol-based
growth, respiration, and other functions

C6 zinc cluster transcriptional activator that binds to the carbon source-
responsive element (CSRE) of gluconeogenic genes; involved in the positive
regulation of gluconeogenesis; regulated by Snflp protein kinase; localized to
the nucleus

Basic leucine zipper transcription factor of the ATF/CREB family; forms a
complex with Tuplp and Cyc8p to both activate and repress transcription;
cytosolic and nuclear protein involved in osmotic and oxidative stress responses
Transcription factor, activated by proteolytic processing in response to signals
from the SPS sensor system for external amino acids; activates transcription of
amino acid permease genes

Transcriptional activator of thiamine biosynthetic genes; interacts with
regulatory factor Thi3p to control expression of thiamine biosynthetic genes

with respect to thiamine availability; acts together with Pdc2p to respond to
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thiaminediphosphate demand, possibly as related to carbon source availability;
zinc finger protein of the Zn(I1)2Cys6 type

tye7A  Serine-rich protein that contains a basic-helix-loop-helix (tHLH) DNA binding
motif; binds E-boxes of glycolytic genes and contributes to their activation; may
function as a transcriptional activator in Tyl-mediated gene expression

yapbA  Basic leucine zipper (bZIP) transcription factor; physically interacts with the
Tup1-Cyc8 complex and recruits Tuplp to its targets; overexpression increases
sodium and lithium tolerance; computational analysis suggests a role in

regulation of expression of genes involved in carbohydrate metabolism

VL EDSMET, A Z AR — LTI DA B ERIT Table 2-1 @ 19 BRIZHK D Z &8
T&lz. FF, 2O 19RICOWVWTA R L AMELEMET CORFEE tnonstress 2 HI7E L
A LA LS T CIRIB RO ENRKRE S Ebo TN & 2#fER LTZ. Fig.
2-1A TREND L OIZ, motBANLANDORITIZE A LR Ui AR LTc. £z,
motSMNF & G /T H kR~ 7Rk (Fig. 2-1 IR &35 BY4742 13FR <) D Unonstress D F-H)
flElT 0.482 h't TIEHE(R 1 0.0261 h'l Th - T, IEHERA L FEO, >F v fxt
EEVEMR 7213 0.0540 (5.40 %) 72> 72 DT, £k% 72BRD pnonstress 1N HORELSZED D
MNESZ D, WIZ, LR 19 BRIE 1.5% (viv)1-7 & ) — VIR ORGSR T Tl A
N U A P HESEIRFE pstress 2 HIE L7z, Fig. 2-2B TRENDH L DI, TOA KL R
ST T, B Z2BRITIE AW AR E 2 om U, IEEO I IE 0.0810 h? (mot3A)
25 0.182 hl (mksINE TTho7=. Fiz, Hix 72RO pstress O 0.137 ht (Zxf
L, fEHERFEZEIX 0.0212 hl, MHXMERERZEIL 0.154 (15.4 %) Thol-. U hozinz
NEHEME L v, BT 19 BROBRBET A VIR L7z R b L R M UGk A %
R UM BIRIANA N U AR THGELEE 2~ 2 LR ST, 72, Tk o
N2 X912, BRDOA N U ASME THIEEE (Lstress) X, TORD 1-7 4% ) —/L R
kU AMMPEOFEEE & L7z,
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=
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Fig. 2-2. A Z AR v — AEHTIZ VT2 19 BE o HEFE 3 BE I RE RS R
(A) A &R u— NENICHEH Sz 19 BRE LUK O A b L 28 LS T o s gifs
(Mnonstress) . BRI OWNWT N=4 IliEDFEEAEK L, =T ——3Z OROAEEIREERZEZ
FLTWS. (B) R UKEED 1.5% (vIV)1 - 7 X ) —)VIREIZIT 5 LR (ustress) . 754K
WZOWTN=2HEDFHEEZ R L, =T — N —([IEREFELZ R L TWD. . HIEM ISk Table
A3 TR REIND.

232 ARV ORI 574 - EESH (GCIMS) Z A=A RO—LEH

BR 2 7R BEBFGHE 2 7R LT2RR D A X 7R 10— AEATIC X D LEBRIE, A 2 7R 1 — LS EE i
Lo TEBHTLZEICE VMR EBx b 562l LavL, [MRERIEORME
MO GNTHD K DIZ, A ML ASME T ClIskx 7228 BAR DRSO BEFEEE 277 LT
WHZERDDD. LIeBoT, ARMLVAFHETTOAZ RN —LZROLIRIZHW:
By, WIHE OB I DA TANEL I D B2 LN, —F, ARl ciiE
G OMREXRIER E, R 7 7 v 7 A% EZ L5 LT 2882207254, NEWEE
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BN THZEICRY, 7Ty 7 ROEENRMA LN Lo, K77 v 7 ZDE
WY AT LEFESTWAIE3]l. D2 b, AR VAT —FHDOAZRT—AY,
A N U ASA T OYEFELEE & KT DR A FF > T\ D EEZ, AR TIIA L AT
U—5M N CREIN L7fifaz A 2R — AT WA Z iz L.

HIZERERED 6000 I < OEAs T IR, Z OMER R EH# OFIT 7= - 7= 600 AL T
HoEHER SN TWA[63]. L LE 1 BTl X 9L, fx ofEwIiEL EE
MZEkEE R L, B—D0H 77 v b7 4 — A TOMEASHIIBERATETH D, L
7235 T, ARBFECTIE ATt SR & RITBUKMEGMICIRE L7z, 2 OBRmIE, BAKMNR
WO, FEMMEBLI OO T 0 ha— RSN TWD Z Ele4], FoBk
PEARGED O IE BT A O ABRRPRRE F 72 13K B (Bl 21X, BT T 74 v oo DRAEE
BEl44] & FERER D 43 255 [43]) OTFRNHERATE L ZENRINTHINHETHS.
BB, KIEEOIN T T v N7+ —0I2iE, HAZa~ NIT7 4 - BESH(GC/MS)
Wz, GCMS 1L, BBMERE <, 2O —7 RIS TE 5, RFEHRI (Retention
Index, RI) BL RN AAXRT ML TOTA 77 —ZRICLDHE—VRIENFHETH
%, REOHEMRET B 569, 2 s OFFIZ LY, GC/MS IHRM DD 72 FERER)
(/ »#—7%"v b ; nontargeted) Hr&iT-ThH, £ OE—7 O, RIEBLIN
ERNAMRETH D L MR ST,

RIZ, UL 19KRICHONWT A RN — BT 24T o7, 22T, R BRI Ot
WCTHh D20, Rt OixtER&E T 2 0EN e, BRRIZOWTRED OMExHE =
1Tolz. o7V TO I OFFMITERITEICEER L, £, SKRIC o>\ T
N=4 (Epsrv o r7Nnan=—hb) 7 VEHE L. {1k Table A4 ICEL#k S 4L
TeXT A =2 =TT — 2%, 50 OREEHE 156 DRFEEIEY, &H T 65 D
{bEME — 7 OFEEEEEMN L2 — 2175035 b7z, FEINTALEMIET I/ BE,
BI&ER, R, B EREMW 2 T A% HdT- (Table 2-2). 7233, [EFET MCHEL 72
T — 2T S 7z 65 (LA OREMILAHERD Table A5 THERRE1L5.

Table 2-2. GC/MS 4347 & ¥ R T& 72D

7 X gk X OREAHY

Alanine Glycine Serine
Asparagine Isoleucine Threonine
Aspartic acid Leucine Tryptophan
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Cystathionine Lysine

Cystine Phenylalanine
Glutamic acid Proline
Glutamine Pyroglutamic acid

fRFER +TCA YA 7 VEREAEY

Isocitric acid / Citric acid Malic acid

BB K OBEAHY

Orotic acid Uracil

REHA 7 Vi KO BEERHY

Ornithine Urea

RITIV

Cadaverine Spermidine

Z DA,

2-Aminoadipic acid Lactic acid
4-Aminobenzoic acid n-Propylamine
Glucarate Phthalic acid

Tyrosine

Valine

Oxalacetic acid /

Pyruvate

Plamitic acid(16:0)
Quinolinic acid

Stearic acid(17:0)

RERID AT v o () ZERATRERINDAIGEIL, FOREYIIAIILD ST 2T A
THEECE oo Z L 2EWT 5. 228, {LEWREOFEM, X OEEIZ OPLS €7 /4iC

i U7z &' — 27 OfFHITAHEkD Table A5 IZF RIS,

2.3.3. EXBAEEEREE (Orthogonal Projections to Latent Structures ; OPLS) [Z&

ZEIFETIVIBE

A B ARG I T AT — X DN % 7o FIEDFIET 5. Wi O % LD IS B EH D
[EURHTICIE, EARERTEREE R L (Orthogonal Projections to Latent Structures ;
OPLS) [65]23 A< fEH ST 5. OPLS {EI%, ®RICOMAER T — % %, ZD4y
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Ba R <HAT 2 X0 B 0B R (X723 y’) [CERT S £, 20
— D Toh D TR, ISEEE L B ROMBI A R 2 MIZEAE B ZE N T2 F L
AR S, BV TN EZOMA~EE L2 AW D Z LT, IREEROEIFH
T HIENTESD., Znns, OPLS BRET VOMETH S, Fiz, TR LANAD
AT E B E IR L 72 WD THEA Sy & MDY, U L > TSN D T —F D4y
BUL, IEEE (PR LB VRIS T2 LB bivd. £D7=H OPLS I%
X, AZ R a— LR OB Z Y 9 5 RHHIRRA L HERARR A IR FR<ICAE M T
HoHEbWR D, 72E OPLS EZIGH LIz BIRET WSS & LT, #RME DR
[64], B DR AEERE(44], FEREDFFM[48]72 EHE ST 5. ABFZECix OPLS
L% 1- 7% 7 — /VIItEOREYFE 7 AVEEIZ W .

OPLS HFET MAEFICHT- 0, 75 V2 T b0 65 U e — 7 OFaxtE it %
BLIAZ R, ZOROTMEMZISEL I E Li-, RSN ET UL, 4 DOBELK
(1 2O TRFRTI L3 DOBEIRMY) MOER S, 22T, 7 VEHIT 2

IZELF 8 D DFEIEE A F V-,

2
RMSEE = JZ(y obs = Yprea)
N

R2Yy =1 — SSYy —1_ Z(Yresidual - .')_’residual)2

S5Yo 2Vobs — }_’)2

2
QY =1- PRESS —1 _ Z(Yobs - .VpredCV)
S5Yo Z(.VObs - }_’)2

RMSEE (Root Mean Squared Error of Estimation) 1%, #iBHZ% (Z Z TR E
BH) NOET MLV R SIISELE () OFHIE L, ISEEBOERED
7%, DEVETNDOTT—HRK LTS, £, RMSEE (JIGEEK LR Lkot, OF
D Wiz b, Al bz RMSEE fEIX 0.00898 h! TH Y, JGEEAY LD
YefF7= oy (0.0213h1) & T/ EV (RMSEE/ 0y =0.421) OT, £7 /UL T4
EETHLEEBEZLND. —F, RRYIZTET M X V@SN y o#oElG %2R LT
W5, EoXTIiE, SSYIEXY Sum of Squares, D F VW EHFFEERL TCWNT, y 25
DIFFFNL SSYoTE L, ABOBEELIC LV SN2 ESI EE L% O yik
ZWHFNL SSYa TELTWAEN, T MLV ISELS y NEHBHINDITLE,
SSY4lX01TESE, RZY I 1ISESL . ARG L NT-ET L TiX R2Y=0.835 72D T,
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vy (yOZESOMER) NETVICEY B<HASZEZELLND. LT, @Y
BT NVOREN, 2FD I/ aANY T — g V2 {To7RF0 y PHIIE GHREE) 0%
EMEERLTCND, Z7aARNYT—var b, ETAO—E (11709
TNE) BETIAEEOBEBENGHA LT, TETAEHFHBEL, 20X ITHEEINY
TETFMZL Y RIZESNENTT T ICHONT yOFRMEZFHE TS, W) #B{ED
ZEEETH, BIIEEY AR B SN T TIEA R SRS LD, T
ZD1TZTEIZ7a AN T =g URHBIIATORLTWD. 2, EORTERS
N5 X512, PRESS (Predicted Sum of Squares) & 1344 > 7 VO FHI= T — DT
ozt &#F£ L, PRESS & yZBHF T SSYoD % 1 /B WAEHIZ @?Y & LT
FREND. KEFNLTIE @Y=0554 T, 7 uaznNYF— 3 FTOFRIT T —DF

-

FFNE y B3O TTF L 0 55 LU R /NS o 72D TERZEPERS 43T @ &Il L 7=,

0.2
0.18 | o ®
o5 | o oeoe
°
*8a
= ° L
3 0 °
= o ® o
® ° e
3012 |
k; *%° o
@ e
0.1 -
008 o ooo
0.06 T T T T T T
0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Hstress 7 BU1E (h?)

Fig. 2-3. OPLS €7 VO EHHER FHEZ = > b
FoEsh | AR DM ME FZBF (Lstress_ Predicted) Z 7~ L, A#HIZ SV > T DNREW 7 00 7 7 A Vv B EE
BU 72 i P HME (ustress_ Observed) & 3 L7z, 1 BRICOWT N=4 H 2 7 /LD A X 7R o — ARkt

PITo77.

VT, ME SN OPLS E7 Vb, [tk & AR Z I BB O E %
1Tolz. ZODITiX, FNENORBIZOWTEAE 7z Variable Importance in

23



-
—

Lo T

-
—

*7-, Fig.2-4 ™

5D OPLS |
LTS, OF

=

il

-
—

ST — 5 7

=

# D Coefficient 73

DM, BT IV

L

L7z

N7

i

i
N
A

ARZRIERNZE T

-
—

SUE Qv

&l

-—
—

Ex N
A e L EEAGE L Lz,

-

S & & oo BA

|7

) DI & OB E > TL 523,
roERIns. 2B, Coefficient IZFHED 7

Z=7n
LAY

LB, VIPfE & Coefficient DF L4

THJ7 & b R
H7y binb, EAREL, =T ==/ R

Wt STz

=0

At
-
—

kv

-
—

B!
BOTIEH

B LR LMt E OFEBEORE I EZRITETH
I PLS coefficient {

S OHEE

TN
i

-
—

-
—

ﬁ“[—/‘( )D) {‘E}

'

— X DIERFETHIN

%

H) &
VD, Coefficient IZ OPLS 7 /L OaFGH G HwaEHT5H &

IXEAR RS DN LT EDHGE, /NS IR

RELSEDD
AT,

Z D & & DOFERER

R EFAB D 72 E
7

-
—

=
’

%

1

X

v

FlERE L

7’9
-
- -
— —

—77, &

the Projection (VIP)f & PLS coefficient % 7= (Fig. 2-4).
BWT, VIPfEIZIEOT— #1751

2.
M (IE%

SINLE PURAID
2 UMOLYUN
MO
010405

T UMOWINN
aunsAy
fpean

5|1 dUIWY 9T UMGUIN

pise dljeLayd
€00 UMOUIUMN

SINLT ueydoydAy

T esoon|g

TOO UmoUUN

€2 umowiun

7 =7eydsoyd-g asoyaniy
0T umowiun

250005

pEDIUIEUING

(ST

§ UMOLUN

T 9500N|9+7 250PR R
aulwekdoid-u

SINLT 2uEna]

ENIEILYN

ploe 2noe]

SIALE BuUIBeiedsy

200 UMOUNUNY

ZOT UMOUNUNY
JolewiTg|AI Iz BUpNB|OS|
JoleW TGN LE BULIDS
pise ey

€ @eydsoyd-g aso1oni4
eain

SN LY BUSAT

EIV eyshy

JOUIWITS AT uIUeRJY |
aup|wIads

SIALLE PRE 2|WEIND
ol SINLT PuIRA
SNLE duweIn

PR D1 [D+P PR 311205
aulpAeped

Jofew TS A g BuMeRY |

R B

lTﬂﬁﬁ%ﬁ%ﬁﬁ%%%%%%%#%%i;lllllTTTTTTTTTTTTTTTTTTTTTTfTT

JUETRTITED ]

SINLE PRE 2IEINS
auerpeIshs
SIANLE 2uMeIng

i | poelewyd

SINLZ RpRe 2neIn|Solhd
QuLRARRED

SINLT @uljoid
Jolewi gl 17 aullen

86 UMOLUN

7 @eydsoyd-g aseianid

SINLT auey

wy 9T umowun
JOUIWISIAI T 2uLRS
[E=Tg]
Jofewi S|l Lz 2upnajos|
pbe 2000

SINIE PulBeledsy

TOS UMOLUN

pIbe 310ZUBGOUJ Y-t
[e11c105

SN LE ueydordhi]
250.0ng

€2 umeusun
pumoLun

g umoLunN

€T Umeusun

aunsAy

SINLE BUPAID

1~ @s00n|
ppE3UIeUIND

€00 UMOLDUN
ZTumoun

HT UM

|ese3AID

7 @s00np+7 8so1oeRD
SINLE BUILIUIQ

TOT UmoLun

£ ajeydseyd-g ase1anig
[e11s0u|
SINIZ BULE RIAUBYd
SIAILZ Bupna]

BuUIsoUA]

SINLY BUsAT

QT uMmeLun

OO UMeLlN
aulweAdold-u

SINLT ueydoydAlp

§ umoLln

asojey.]

Jofew A 1€ BuLBS
supiw.ads

SINLE poE onedsy
poe sidipeoulwy -z
JOUILTS | 1Z PUIUeRY |
JofeW A€ BUILGRIY |

XTTTDTT—

ZNE

(B) PLS Coefficients.
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(A) Variable Importance in the Projection (VIP).
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Fig. 2-4A TIN5 X 512, Aloutput I LV RIESNTLAEYE— 712X
Threonine_3TMS_major, Cadaverine, Isocitric acid+citric acid, Glutamine_3TMS,
Valine_2TMS_major, Glutamic acid_3TMS, Threonine_2TMS_minor 73&\ VIP f&
ZoxL7T2. —JF, Fig. 2-4B X 0, Coefficient ® KX b &W ¥ — 721X
Threonine_3TMS_major, Threonine 2TMS_minor, 2-Aminoadipic acid, Aspartic
acid_3TMS (Coefficient DIED ¢ D), I LN Glutamic acid_3TMS, Cystathionine

(Coefficient DED L D) NEF LD, ZOFE, LG D VIP F 7213 Coefficient
HORE ST TR, ZOZT=N=DbEFE L. =7 —="—ZO51TiE, 22T
FET NI u 2N F—=2 g VORSRICE VR S NEEREZELE LTS, =T —
N=PURNSWEEE, —HOT =2 E2ETANLRINL T ZDEWD VIP E720%
Coefficient 1 ZHFE VW EDLLR, DEVZOENRLEL TNWLZ EEZRLTWD. &
7o, BEOIEHRFE—DONREWIZZYET 5 (Fl 21X Threonine_ 2TMS_minor &
Threonine_3TMS_major &%, AL A =1Z TMS #ENZNZFi 2 HE 3 V=3
BKTHD) Hitbbolz. ZOLIIZ, MMEEMHEL R LIZEER#BHOY X h %
Table 2-3 O & 9 IZfERL L 7Z.

Table 2-3. OPLS 7 VX W IEES T2 1 - 7 F ) — /Uit tEB B DA

Metabolite High VIP Large Coeff Correlation
2-Aminoadipic acid v Positive
Aspartic acid v Positive
Cadavarine v Negative
Cystathionine v Negative
Glutamic acid v v Negative
Glutamine v Negative
Isocitric acid+citric v Negative
acid

Threonine v v Positive
Valine v Negative
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2.3.4.OPLS ETILRERICEDWEHR 1- T2/ —ILitEHD#E

&Iz, Yeast Biochemical Pathway Database (http:/pathway.yeastgenome.org) % f
WT, Table 2-3 DEMAREHM AL < B ENDNHRBE 2 ERKR Lz, ZORER, HEN
BN A VL A = AR RREB L OTCA 1 7 VIS GENT-. FFIC Fig. 2-5 OB
SR~ v T TERR SN TV D L 51, TCA 4 7 DAY Ao AZfitE & Al
FEAT 2013 <, b, A LA = AEG RIS I & IEICHRE L 7oA 03 %
MmoTe.

Glucose
: (Glycolysis)
Pyruvic acid
PVC1/PVC2
Acetyl-CoA
Aspartic acid L
P Oxaloacetic acid cT1/
HOM3 -7 a2/
7’ CIT3
! /7
/ . .
MET2 ¥ Citric acid
P Homoserine Glutamic acid
,’ THR1 st
L GLN1
Methionine M 1
Threonine : Isocitric acid

CHA1 GLY1 \
\

/ Glutamine

a-Ketobutyricacid  Glycine \
/ \ \\ a-Ketoglutaricacid
/ \ N 7’
¥ \ S Pid
¥ S o -

-

Fig. 2-5. AV A =VEHREK L TCA A I NVICEENIBERFEYWB L2 0EE
BT
it & EARES O (Threonine, Aspartic acid) 1XFkT/R L, TMiE L BHEBEOHY (Citric

acid, Glutamic acid, Glutamine) IR CT/RL7-.

2.32 fiThRNBNZ X DT, BT OBRERIR L ST ARG OISR 23 T
R#M7 70 7 2AEZL5L L, RBMEAEREOEMIC L VERA REBEERT T v 7 AD
EERIMzONTWNWDLEEZEZ LN TWBI63]. 72720, 1-7 % /) — IV ORGER CEREA
FUAZRZTIEGE, TOXDRMEIET T v 7 ZAOMRIN TE <720, BIHEE MK
FTLTLEDAREMENRHD. 2D LI, Hnonstress DELTZ L D 72K 1-7 &% ) — /LA K
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http://pathway.yeastgenome.org/

L AGMET T pstress DER > T BFRND—2EEZBNRD. £z, AZETIET7 T v
I AEMERFL CODIEIOEENTIA RV AT Y =T THELUTNDTD, Ustress
EWV ) I OEIENRBEINEA L AT ) R ~7T a7 7 A M HE KM E TV 5
EIRELTWD., ZOMGRND AL A= OBEFERHFME L TCOBRETHAL LS &
%. 661 ClE, in silicov' X = L— a3 CRIBEONR#M T 7 v 7 Az To72L 2
A, K77 v 7 ZA0@E, BREEA L ARSI D EEICHEGTIL, BIEEEMEE X x
% X9 R REHBISHERHE STV D, ZORBIERED Z L &2ng 7T v 7 AR
i (High-flux backbone, HFB) & F:iEi, [67], [68]Tix, HFB O HIERERHZEB T D17
fE &, Z® hydroxyurea MiE~OBEE N/ REINT. BiZ, A LA =4GR, 1E
IZZD HFB O—#Th 5 LHEESN TS, DRIT, ALF=2D1- 7 X/ —/Vilif
PE~DRIE X HFB O & L B> TV D AlRBIER RIE S 41 5.

—J5, TCA %A 7 WL, MIBEANTRXALX—RFOHLTH D &[RRI, kxR
VORI Z ST 2RH AT EF 2 5[69]. —MIIZ, T3 — L ERFEITMIE O = X
NF—RBMERZ IR TS E RN MON TN DH[48]. F£2, =&/ — Vit E xR
L72BF5E X, TCA B+ 7 v @ EHFRENEMYEICIEIZ w5 Uiz &t S 7= [70]-[72].
TCA HA 7 NVDEWEMRIL, A FLVAFET TOZRAF—RFOMRICTHFLETE D
DTINGDOMREHREIT L TWEHEZEXONS. LrL, AU TIE TCA 17~
L 1-7 % =Vt E BIZHBE L TWARRB™ G LN, 1- 7% 7 —LE2FT L
a— /LA F VRSN CEE Y A =V 25| B TR bbb T TCl48], F£7z,
TCA A 7 M X VL Z A — VWAL, mBEMIEIC L D TCA Vo1 7 AIEPED I
FTAEMEIC L VB SR ENDIBIF A=V OBANZHFEG L TVDH LG SN T
W5 (73], [74]. BLEX Y, TCA A4 7 /GO TIX 1- 74 7 —iittEic b &5 L
TWBEREMEIVRIB STz, 2038, T a— Uil k> T x X — R OMERR & BR1L
A=Y DRI E OFITEIBEZEMEN R D, TCA YA 7 VOt~ D %5 OIEAITZE
MICEWREDZZENEZLND.

THVE CHRRE SN EEMAHWIE, WS IR O R EN TV, 22T, 2
S ORI A EBRIZ M & KRR TR O b2 D ERGEET 2729012, BIE T
BIZ L HNHEORE #R Tz, —FF, MEOMIEL Y, BRI HEE R > T
WA 2 BT WA CRETT 2 2 & T, REAOB EXARETH D 2 EHIVRE S
NTW5I[43]. WwxIZ, Fig. 2-5 OEERHM & MPE & OBIRZ Bz R AR OFREIC
FORGET 52 LI L7z, ALF=URBRRICEA LTI, 7ANTXFUVBNrOA LA =
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~OFNZ K SE D728 MET2 &6 OE, B O, A LA =20 %zIE L,

ZOERERDO DD CHAIMELZRE L. £7z, TCAVA 7L TL, 7
TR e A VT T UROEREEE T D200 CITI-3 B ORELAZER L. &5
12, TCA VA I V&AL A = BRI E RS, AATI- 285 T2 K27 X 7 Hls K
IS & BLIET 272D OB FRELRATZ. ThEho g —7 Y MEEFICoO0W T,

Table 2-4 @ X 9 7 B —1B{n 1 OREEK &2 G L7z

Table 2-4. OPLS ©5 VO EEMRFMWIZE- SV THE S L7 ek
Strain #—%7 v MEEFICLY BEFBIEOCEH

a— FahoEER
chalA Lr-serine/L-threonine a-Ketobutyric acid ~D iz fHIE3 5 Z & 12
deaminase I ARvF=rFREr LD
met2A  L-homoserine-O- REEY UND AT F = AR EA~OFRRE
acetyltransferase YOFNERIET D Z Ll L D AL A=Ak
~ONRBEHEKL, ALA=rvEEmESED
citlA  Citrate synthase T e AV T BRI ST D
cit?A  Citrate synthase TR A YT R ST D
cit3A  Citrate synthase TR A YT R ST D
aatIA Aspartate Fxvufifge SV I ViBEOT I KB
aminotransferase FOSZHIES 2 2 SI2 k0D A U A= B
& TCA YA 7 WM [RIRFIZ 528 % T
aatZ2\ Aspartate FXxV a7V IUiEEOT I KiEK
aminotransferase FOSZHIES 2 2 &Ik A VA= Bt

& TCA YA 7 M RIRHIZ R B 2 RIET

2.3.5. FHREEKROMIERTES & U A 2R 0— LEH

O LD ITHEA L BRSO W TIERIE 21T o 72, kO L- AR
HRIX, KanMX~— 1 —8EFTOMANCEY 2 —57y NBIRTEMET 5 &0 9 FEIC
K OBE I N8B FHEERT 5 72729, KanMX ~— 71 —iPEIC x4 2 2288 % B0 B
<7=iz, (BY4742 TiX) T BERE L 72 HISS s 1-[16] |2 KanMX %A L CH
% U7- his3\ %#[A U EUROSCARF =L 27 a b AF L=y ba—/bkks LTHE

28



ML,

FT, ENENOKRIZOWTA b LA LS T COMFHEE 2 E L7z, Fig. 2-6A
TREND XD, BEGELNTZHERITETa Y Fr— L h1sdA IZUTV pnonstress & 71
L7z, citBN BRIZ O W TIIIEHE MK < 7o TV D & FL 2 7 D3RI E IS
hisS\ &L DR EZEIT RSN o7, —J, Fig. 2-6B TR RSN D LI, BESN
7o THROH, chalh, met2\, B IV cit2A O 3kIZ = b a—Ld his3A K0 @it
PR LTz, £, metZN 3 X O cit2N OTHPEFEEEME pswess 1X, Student @ ¢ FEIZ &

D hisSA EHREICEEZRLTND Z ERHGES 7= (pvalue < 0.05, fH#k Table A6
2.

A os B 02 *
045 L o g I I L 0.8 * z
04 I 0.16 _ = I
~ 035 0.14 I 1 i
£ o3 =~ 012
w =
o 025 T 01
= w
B 02 2 oos
s P 006
S o1s < o
= o1 0.04
0.05 0.02
0 0

his3 chal met2 aatl aat2 citl cit2 «cit3 his3 chal met2 aatl aat2 citl cit2 cit3
Fig. 2-6. OPLS £ 7 /MZE SV THRE /- EREOMHER ER F

OPLS &7 /WZ IS W THUAS L2 BT BIZ IR D (A) A b L A M LS T EEHEEEE (pnonstress) »
BELO(B) 1.5% (viv)1 - 7% 7 — )VIREEIZI T 5 HHFEHE (Ustress) . THVEALD 7T 715 N=4
WEMEDEH 2R L, =7 — "= TEEEERAZ RS, 22 bo—/LBR hisSAZHE~AEE
(p-value < 0.05) % /5% L7 BRICIE* A A1) 72, JEMEILATH% 0 Table A6 IZFREN 5.

VL EDFRIZERRICONWT A Z RN e — Mg a1T o 72, BEICIR 72X 51, chalA B
F N metZN IZA VA =0 % BIF 5720 DERKTH Y, Fig. 2-TA TREND L OIT,
D 2 BRIZHEBRC hisSA XV EW Threonine_3TMS_Major v — 27 OFFXIE &fE % 7~
L, TOEWIFHHNRAEEETH -7 (pvalue<0.05). OPLS €7 /L CliA L A4 =
Y INIED Coefficient # 8- 7= (Fig. 2-4B) OT, AERITETLOTHIE —FH L L
EAD. —H, VEUBR AV T T UBREIRS IO O 2 AL FRERO T T cit2N D
M bEH e — 2 (Isocitric acid+citric acid) ABFIZWA L, hisd & AR THEE

(pvalue < 0.05) #/~xL7- (Fig. 2-7B). AL Fig. 2-6 TEWiMEEZ R LD T,
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TORERY, ETFATEYILEYNRAD Coefficient #Hf-7-2 L L —FHL71=. F/o,
AAERIL, EH L7258 550 Clik BY4742 ¥k CIT &5 1O, CIT2 O R EIZiEME
RO TWAHAEWHIZ LHERLTWVS.

A B

1.4 * S - 2

2 o] 8
w m
P Qg 15
2@ 1 £
o Hosg g H
£ K TH 1
§ = 0.6 - 3 oy
2®o4 €05
= 02 - 8

O T T T - o T T L |
his3A chalA met2A his3A aatlA aat2A citlA cit2A cit3A

Fig. 2-7. FHEREKEORGFWIEX EERE R

(A) chalh, met2AEB X V= b —/Lik hisSAD Threonine_3TMS FHxfE&fE. (B) citl-
A, aatl-2AB L V= b v —/Uik hisBAD Isocitric acid+Citric acid FHxfE&fH. A O
E— 7 SR EERY TV ONEEREY) (U B h—L) B RETERL, MEXIEREE LTERL
To. Elo, KRZT 7 TIEN=4 S T NOFHEEIY , hisSAZ S TOMXHMEIZHR L TRR
L7z, =5 —_— 3 EEOEREREALFET. a2 ha—LEE hisSAIZ A~ 5% (pvalue <
0.05) & 7~ LT=#RICIT* & AT 7.

UEEXY, OPLSET/VEA X AR —LT —H L 1-TH ) — VA NLVAFEHETTO
BEFHERE & ORICBIfR DI 2 Z N TE D EoRaiz. ed, T OBMRITHZICHSG L
TR BRRIC DWW T H ARV LD Z E NG TE /2. 2o Z Ennh, FBARHKD
EWIPENE, 7 MKV RSN EHEHMEOEIC LD EE XD, T72bb, &
RBRRD A X R — LWL, 1- 7% 7 —/VitEom k554 58 kX —7
v MEIRICEHTH D & Z RS,

Bthlo, A/NETHRLNHMEE 2.3.3 BiTHE S OPLS €7 /L7 1 v ML,
WEEZFARIZ. 22T, 74 v b EFETAERAOTHREONABHDIERD S itED T
WEZFHREL, TOERBMEE TS ZEE2ET. LrL, ZO%HAIT Fig 2-8A TR
END L DICHRILZOPLS EF /L EEmWEEEZ RI o iz,
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032 . icti P
A (Model components: 1 predictive + 3 orthogonal) ozt B (Model components: 1 predictive + 0 orthogonal)
030 020
028 0.18
026 0.18 ... -
02 047
. -s ®°C0e
@ 022 g 0
@ . - e
g = we © oo se e
5 020 5 seses .28,
7 7 . . 0o &
T % o014 % "0 seee
< 018 e*® s e QING S ey @0
eme 0.13 LN -
016 . o . -
" ee o0 . P ° a1
L] . -
0 '* i - * see
. " 0.11 Py
012 .
L]
* oo 0.10
0.10 008
0.08 L X ] 008 . = M
008 010 012 014 016 018 020 022 024 026 028 030 032 008 009 010 011 012 013 014 015 016 017 018 019 020 021
¥ PredPS{1](STRESS) ¥ FredPs{1](STRESS)

Fig. 2-8. ¥tk% OPLS 7 VIZ7 4 v b LTHAEMRER

(A) 2.3.3HiTHE SN/ OPLS E7 /MICH LWKEEZ 7 ¢ v b LTZRER. (B) 1 FRIR O A4
THE S OPLS E7 /M LWHKAE 7 v F LR, BEAORIT, E7 WVEERICESL L
THRBRTERK 19O T —2 %% L, FROAIE, ALA=UREBEELRE (chalAk D
met2N) xF# L, HREORIE, TCA YA 7 VEEERK (citl-3A, aatl-2\) #RKLT\D. F
B EREDOT —ZIIENENERR DR - 5o « T —Z LB Ay FIZ L0 Fon. 0k, &0
ETMTBWTHHROT — 2T T /WVBEEICHE L TR0,

ANcHEgi s Lz OPLS E7 M3 A— =7 4 v b LTV O ARERHLDT, £
INOBIEEEEWS L, 1 OOMHRYDOHDET NVEHR L TR, ZOHLNET
JVOREEIXRTL D B HIC2 > TnD 7o), EgZSBTTéﬂTwéiO Z, ¥itko¥
BEIXFEZRE I ESWe, 202 &6, i« 7 — 2 LA F O K 5 Rfiiii
L, L BEG LS T — 20T L L OEb R TFTEShiEEx b5, Af
Z2CIE, OPLS ©7 /L& HERHY OB DOT-OITHER LD TRR DNy FIZL D%
MR H E 0 REIZZ SR> 7o), BTV EFROMME TR AW WO ThHIE,
FMARAA IR T D L 9 7T — X ABAITO R TR e b 2w EoRE Tz, 728, Fig. 2-
8 D—FEATHRATRENTWVD Y U TMIET AL LBHICHN TS, b0
YTIFTAET aat2AKICE L, BHRDIB/HRRATE RS ZHELET MLV GHH S
TR - EO MBI Z — 2 2R LD EE X OND. LLEDORER LY,
2 OWAEMERMEZELT — % v b TIRETORRFE AR Y — g3, &
TEE DM NS — U DIE LGS 2 EAVRIR S LT,
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2.4. IME

ARETIE, AZARB I 7 A% AWK BERIR 22 L, BUREIEDTZDIZFERO 1-
TH )=V A R ARG L L, RREOMWI A FEITT D 2 LI K0 HHURMHE S BT
. MmO 113 HIThiR o L 912, B Pl G EMIT B D W TR o Ehig 2 )
W PEDBFEIEAERAT oI TV ey, R %t G L7eprgesiliad7e <, ARG
Wy & DFEN D BIYER BT 57 2857 2 A ICHER L 7= 50T, AR % R
LIzt E25. £i0, WEROMZEHITIE 2 HKEHITDBEOMROME AL Z1T> T e

, REDOHE THR R L 1T, ZLOREHKT 5 Z LIk BBEEIm, A%
RIEWE RN T LB HNDDT, AR TIIREWIE RO T BN 2IEEZE0 L, it
PEZINEES & LERIRET VOMEIZ L0 2% < ORORIF R Z FH w72, K
FFRAERICL Y, RIS RIBICB T A A XA e I 7 A0 AWM SN L &
Z5.

FAMETIE, A RVATZ Y —F TG LA Z AR —LT — X & X N LA
THIE L7 DE 7 USRI W, AFERHCRIZ LD, A R L AT U —/offiEsnag
FMHTFTEL OERRIZONTRAZ R —MFT 21TV, @7 — & 2 IIET T,
ZO—FENE LT T — & & BT 2 2 KRBV L ClEUFE T V2 RS L, BRI
B OB A ZRET D AN R ENT. 20 L5 3T — &% OFFIH Arae:
X, TERELHRTARFEOREREN THLLEZOBND.

LL, ZOX2 7R T —% v FOERL TOMEMAIZEE L Ti— 2> oM %
Fond., ik, KE27—42%y NI, 3L BRRIE L OB Z —
FETOY T —EEP, Y TV Ty MR SREMARE Y — )
BNAAREMERDH D L) Z 2 ThDH. ZOHA, YT —% 0&kz —EIZmRE
TINTHES D &, FRx RFEBA N Z — D3RR LET VIEREDS TN D, A B %
AT EBENHSA R SN OWEREENH S . Z ORI, KRR 3 E Tk D
FFET K0 iRk 25k 2 7
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Irh-3:l'!'z

55

RANSAC ZILT Y A LIZEDLKFHRAFIAROIHVRT—E2IA( =
T EDRE
3.1. #S

AR T~ 7 X202, HAGEE O K 5 28R OWT, PLSIEIC X 2EFEET
VORI E ORE L FABBIR Z R ORI OBRRICEH TH L. LnL, 2 ETH
L7 OPLS €7 /v (Fig. 2-3, Fig. 2-4) Z#iEL< b &, PLSIEBLOZEO—FET
B2 OPLS EIZ K DET /UBEIZB W THRTREANAL N7, £7°, PLS
HEEEGL— RO BIERIRE T LV OMEIZH Y, ALK L ISEEK L ORITREN
LHBEBBEAETOV T MIZBWTRILTH D LWV I aiESRtERH 5. L, 2K
(7R FABE R — AN B LRV (77 74 v —) 0, BRI — &R
THTIA Ty RRT—Z 2y MCEENTGE, KERTHRRESCERFMEDKT
2L D ENT-ET VREE T E 20 (Fig. 3-1).

y: REE (RFLR L
# T IR Eetc...)
N A . ry= 0.9

o /® . I‘A+B=0.5

x: R BIE RHE
Fig. 3-1. BR2HENRY — o oY TIART—F 2y MZEENTHBADER
BT NVEEOLRE
ETOY L FANLBEOMHE AL — 2 2R ERWEAIE, BIBEURET L Ok RN KIFICE D
HZERBHD. 7Yy FA (BAOH) TIE, x EyBNEMBEL TWS@u=0.9Zxf L, 7
v B (HEONUAE) TIE, x & y@mWHEEZ R L T2 @s=0.1). AL Bot o7
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NER CEIGET VICHE L2580, BON-MEREN A & B 0oLb 5 L IEMHICREZRN
(r4+8=0.5). £72, A, BOELLHIZHLBERWT 7 b T4 v — (JROD=AIE) NEET S L,
EUFET VTEICEEIN, 1 FEAEOF—ZITITEG L& 9 22 BIER 2~ (zar = -0.5).

L22L, RUT =%ty MIEEOMHEBEANZ — B ET 5 &0 9 BIGIE, EHD
AZRA T ADBEIHHCAREERE W EBZBND. flxIE, Bip BN RO
PR, ETITRR K7 7 ABT 5BI5 FOERKBFRI LT —F 2y MIEELTY
LH5EE, TOY TN Ty RRENENRRDMHENY - 2FD, 260
FELEI) ZEICEVEROSLETVRRENMGEONRNE NI ZENEILND. FE
il LT, [721Tix, =% /7 —/Liiitth o PLS €7 /L & BEREDOBRE R 128 B ) HAREZE L
=3E, RBIEEE A B OB RIIF DET VS IFREICHIATE eh o RN R T b
5. UEEY, B2 OMNEEN, TORICEBOMBENY =0 BFEET D L9 72K
BMOT =2ty FEH-T8BE1E, BU PLS EF AL TE PIRE L LAHY
M 23 C & A WVATBEE DS B 5

EFET MBI 2 TV %, BIRERNIC B L2 o TZIREST 2 Z &1
LV ETAERERTH LT HFEMERO L HIRT. F2E (2.3.38) TIX, Y7
LD 65 N E RAE 2 L% LT OPLS EF VAR LIZR, Z0F—F % v k
Mo, BT NVEAEOROEE (B2 stpA) O 4 Y2 T VERD FRWTHTE (Fig. 3-
2A). ZDOFER, F2 Y O 71 Y T ORI WIS K ONRPEE Cled THEEE L 72 OPLS
BT, BTL VIEOWTFHEEZE (RMSEE) 5 XOWWERRM: (Q2Y) L7z, £z,
TDET IV EF LWNET ILVOMRGE Coefficient 7' 7 v h & Lh#kd 5 &, Coefficient @
T 7y ANNELLTEY, FlxIiEAiE Coefficient 73/ X )- 7= Cadaverine 1,
A DIFIANZ K & 72 Coefficient 2/~ L7= (Fig.3-2B). ZDZ L XV, F—X& v kb
BRI L, HDEINE B LI TV OBEEERIIE, 7 AR M B
KO 7= 7 BEACH DR EIC D72 53 2 ATREME /R S 7.
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A JTOOPLSETIL stp20% LV FZOPLSET L
0.18 0.18 se @
oqsl (exclude) . :- soe o6 « = e
. L 3 e
So.14 * e So1a Lk,
g ¢ ss g . v .
_g . see _g . » L
>.p.12 SthA@ »e >.p'12 3 s
0.10 0.10
0.08f * *e* 008l * o=
0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19
y_predicted y_predicted
Q2y 0.555 Q2 0.636 (R LL7=)
RMSEE  0.00898 RMSEE  0.00817 ({ETFL7z)
B 047 — —
03 JTTDOPLSETIL
uzgl\ 02 T
§ 01
% 0.0
ﬁl 01
E 0.2
é 03
g 0.4
-0.5

06

ool stp20F R L I-OPLSE T IL

CoeffGS[1](STRESS_GROWTH_NEW)

Cadaverine

Unknown_00
Serine_2TM

Unknown_16

Unknown_00

Fig. 3-2 A DB L WY A DREIC L D OPLS £5 /v ikEER E

(A) % 2 ECHEE L 72 OPLS E7 VB X OARET stpZADY » F VB ROV THEE LZET
/v @ Observed vs Predicted 7' v b Dl —HOY Iz &icky, PHRREL
#7 RMSEE N/hs< 720, 7 VEBEREZERT QY NEL o7, (B) JEDOET IV E stp2A
T TN EOET VO Coefficients . £ 77 7D T — =3/ v AN F— 5 Tk
DRTRE SN EREREZ T, stp2A Y TV ORRAC L Y Cadaverine 136 &k W K& W

Coefficient Z /R L7=.
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UL EZBSE 2, Bk RBRRO I Z I LIRS BRI L TE, 7—4
v hinh, MRS = OB Lo T VAR L PLS €7 /WSS 5 FS 03
bHEZEZOLND. L)L, DX YU TV OEERIIIATE O EB TITH DT
372 <, BBEEZE T 5 FETITONRITIUIZR L R0,

AETIE, TOBRFEORBLOIERE L Lz, iz, OIS LTE, miffg
LR D438 CRRA%E & 717~ Random Sample Consensus (RANSAC)[75] &9, o7
H7Ey NEROT VIV ALEHANDZ EIZ L. B{RPIZ, RANSAC & PLS ##i
G H, RANSAC O#E& % HIC PLS 7 WEEICMT 2 7471 v &8I
9% RANSAC-PLS 7 /v 3 Y XL EMESTHZ LA R L L7z, 2%, RANSAC-PLS
EWFEO%, F2ETT—F Yy MTEHAL, ZAUTE VTR 1- 7% 7 — Vit
HAH Z R L, ORI HHLM AR DR R 2 3 7z,

3.2. EE&AE

321 T4ty bk

ARFIETIE, 5 2 ETHOLNZT — X v F% RANSAC-PLS FEATHRGUI .
Tty ME, 19 OFRIRGRFARKN OGN 75 7D, 65 HiHZE
B (B EEM) BXO1IREESE (1 - 7% 7 —/VlEEm) NaEhni-.
Y iE ZiE, TOICNEIEREY) (Ribitol) CHEME(L L 7-FxE &E 2 V7.

3.2.2. Random Sample Consensus-Partial Least Squares (RANSAC-PLS)7 /L 3!) X L
FHRETFIEX R S55/3— 3 > 3.2.1 (httpst//www.r-project.org/) & N CTIHEE L 7=,
T—=2ty MIOWT, A= R —=1 7 (FHOE 5 Y 7B L URERE

THANr—1 ) Z47- 7. IkIZ Orthogonal Signal Correction (OSC) [76]% H\ T,
T —4ty MKRIZH LT OPLS {EERIU K 5 By A8 U, IREZ8 5 & FH B
DIRWER S E ROV Z. OSC DR %L (https://gist.github.com/dgrapov/5166570) X
DIFbNTca— RESZRRITHEE L7, OSC &R 7-#% 07 — # 5% E517511Z RANSAC-PLS
([T L7z, RANSAC 7Y X AW CiE[2L12BBIC L, HIiZ, &L —7 TR
SN TETMTH L TA T4 Y —HTIEIR, A T7A4v—HL QY HOFEL
LTHEBND ‘A7’ (score = inlier num/total samples * Q2Y) Talffhi L 7=.
RANSAC-PLS A ® PLS ¥ 7% 7 /L OMEITIE, RYLE Sy r— ‘pls’ [171L 0 15
bV plsr B A W .
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3.2.3. lEEY S R 2 f&#7(Hierarchical Cluster Analysis, HCA)

HCA I3 R 58D hclust BA% % AV C, RANSAC-PLS X W &5 7=ET /v bl
L 7= PLS Coefficients ®1751(1001 models x 65 coefficients)iZ D\ T{T>7=. Z 2T
F 1R 1T MIHET S L 918, T % B’ L LTHY, Coefficients
DR L S 72 TNV ELEEN Uiz, 7ok, HEHEICI Pearson fHBIMRE A FIV, dkS
BT Ward O A Y v RERWe=, 72, HCA#R%Z b — b~y 7 CHRRL, BHEIC
TFINNTND T T AX —Z HETRE LT,

3.2.4. ZDMDLE SN
RANSAC-PLS Li4k» PLS 5 L #E£E 213 SIMCA-P+ v12 (Umterics, Umea3,
Sweden) % V7~

3.25 MHEAES LUV GC/IMS 2L D A4 RO—LEH
ETOEBRFNETLSE 2 F (2.2 8) T SN-FIE L FEREICIT- 7.

33. MBRLEEE

3.3.1. RANSAC-PLS DiEZE

RANSAC O 7ebaTix, 7—%ty b oo IrzfHnct7E7
NWEREREL, BY U IANLY TETNVICHEHG LI IV E A T4 v —8 LTRIE
L, 4174 Y—8OFHI L0 V7T VEREE-ITIERT H(75].
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_)| Pre-processing: Orthogonal Signal Correction (0SC)
¥€

Repeat 10000 times:

Randomly select initial samples

| Construct initial submodelfrominitial samples |

J

| Determine inliers: y-error S inlier y error threshold |
I

| Add inliers to initial submodel |

| Countinlier num | \l, | Decrease min_score |
| Calculate updated submodel robustness Q? | 1~
J, I | Increase inlier y error threshold

| Calculate score = inlier_num/ total samples *Q2 |

\l’ Retain updated submodel
scorez2min score:
Discard updated submode

NO
Retained > submodel num2 1000?
models

YES&
| Post-processing: Hierarchical Cluster Analysis (HCA) |—‘ Obtain model coefficients |

Fig. 3-3. RANSAC-PLS D7 V3 Y RAB LT —F v A = 7TEDHRN

JREDF T RANSAC-PLS 7 V2 XALDH 2R L TWD., 7, IWEEH LB WE
25431 Orthogonal Signal Correction (OSC)IZ LV Be v f<. &IZ, PLS 7 €7 /L &4
L, &Y T VOYTETFTANLOERAZFE L, BRI DIL-RENOY T v E A v
TAXY—CL, A VTAY—HBLOA L TAY—2EALEFTETLO QY HL VI TET
NAAT ZFREL, 2a7 PR ENTh/MEL Y mWEEIEY 7TETLEREL, B/MELY
EWGEIFIEAT 2 &\ ) PEZ VKT, 10000 €TV L1, RFESNTZET VORI E T
fliL, 0 DHEITAREAEREL T\ D Bl &’ ©/8F A —% (stringency) % Fif%5, 1000
PLEDYE T, RANSAC-PLS % # 74 5. RANSAC-PLS X W %55 172E T /L ® Coefficients
175 L, HCA LY Coefficients 702 7 7 A VMU= ET VR LA FAZ D 7 LT, R
FHEFIRIC AW N T A — 2 LB GEMEIL kD Table A8 (ZFT# S 417z,

NO submodel num21?

€K% RANSAC Tix, #7ETNVOFEIZA T4 Y —HEH\5. 22T, 1~
TAY—LlL, PTET LD THRAEN -EOHMBELVIRNbD EIND. FT7,
P TETINDA L TAX—ERTFOICRDT-R/MEL D BWGEA, V72TV E G2
(HORET -2ty A EEZRTB]) &L, 2OV TETAERGETH. —7,
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A TAY—ERERMEL VIRWGEIXZOY TET AV EFEMNTSH. LinL, AWFSET
IZ RANSAC 7V F U ZAAOHFTPLS ET/VEHEL TNHDT, PLSY7ET LD
B SBET DA E L, B T4 v —8TRET IV “score’ ZIRD
EKOERL, 7 ARHEICHWE

score = inlier num/total samples * Q2Ysubmodel with inliers included

TEARNIZABIOAZ AR I AT =221, BOISEZEE L AHBEO 72\ ME W
B = D F Y EAZS) (Orthogonal variation) 4L 9 2 Z & 235 51TV 5[65],
[78]. Bl2IX, FEBRIBREIZE T DHERIIRAE, T 7 RIFICBO TORBYEL,
HIER ORERF S L7 &, x 2RI K 0 — o3 [ TR TEENT 2 2 &3 %
ABND. ZOE D RELREMNIICEZLO TN TIIRND, £ OFERENFSY
Bric2 B4 5 00b LV, Liedi-> T, 27 —# &> MI& LT, Orthogonal Signal
Correction (OSC) [76] % FIV T, OPLS{E LA U L 5 RER D& T — 4% & > h&EIC
SLTEHEL, ZRUCR VA SN NBWET —F00R 22T —Z ORI L L
TITo7-. KO TF—&ZF > MTOWTIE, OSCICXVEE SIS 1 )Y, & 2
IR ENENT — 2 5580 17.31% & 12.69% (fHk Table A7) Z il L, A&7 0SC
Py Uiz, £72, B3I L VRSN #IE 5.36% TH Y, ZHIARORS I
NS RBEONBEBH Lo T, AT % OSC oz 2 & L. 723, 0SC
IR EREBIRY BRivie 7T — 41y MZOWTIE, PLS E7 VSO, MRS
% PLS RIS E I & i KICHBET % L TS 5(65]. WwxiZ, RANSAC ND
PLS 7T /WEEIZH WD PLS iy OFUL 112, flGICERETHZ &N TE S.

OSC Z#27-1% 0572175 1Z RANSAC-PLS 12k L72. RANSAC-PLS Oftidd /37 A
—ZIZOVTEHROELIICED . FHRVBELOYTET VALY T

(inlier_samples) #xi%, &% 7%k (75) @ 1/10, >F Y 8 (75/10=7.5 Z VU
ALT) ZUlTe. oI Nae A T4 —LToMEIMERDDLTZOD, A T7A4F
— T HFAZERE (inlier_y_error_threshold), X OV 7T ET N EBEIFT H0IEHT S
MERDDTZOD AT fig/ME (min_score) (%, ‘L X’ OFFEEME stringency |2 &
DVEVESND X ORDEHITHRE LT -

inlier y~error threshold = (0.5 — 0.25 * stringency) * s.d.,

min. score = 1 * stringency

72%, inlier y~error threshold IZ FHFAZAE DK & S ZHHICHIRTE 2 L 5, IGEE
BOBRERAEOERE LTERB L.
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Stringency /X7 A —X OfMMEIL 1 £ L, 10000 #ViELEB X, 7T MR
HFINTEINETF oy s3T5, £, RESNTYTET AR 0 O5ET,
stringency D ELIEEIZ X 0.9 Z#MF T, 4 LK< 72572 stringency fE T 10000 [=]
EITT DL AEREE L. L2 o0 0655705 X 91T, stringency 23K
<7251% L, inlier_y_error_threshold (% 0.25 7°% 0.5 (275X, min_score (X 105
01ZL5<. DFEV, A1 T4 7Y=L LTROIFMBLIOY T ET NVERAFT D510
THATEELS 220, WD 10000 [FIOFITTIEY 7 BT AR SNDMERN LR D, Z
DEINZ, BB E L LR D, BT APMMEIND L HIZ RANSAC /3T A —#
ERETHZEICEY, IESHEETAD BoME 2 AETHZenTEHLEE
2Hhb.

BRI, BAST 27 ABICB L TiE 10000 0L ki, Tk RS
ETNORBET = v 7 L, ¥ET VD 1000 UL ETHILIE RANSAC-PLS ##& 179
HEIITERELT.

PLE, §iB] L7z RANSAC-PLS @il Fig. 3-3 \Z/x L7z, 72ds, W /NT A —4
— 72 EV3fFEk D Table A8 I2F & 7z,

3.3.2. RANSAC-PLS 2 £ D < it B :ER B D H#EE

B2ETHEONET—F Yy NEANT—F2EL, FRTHHLIEANT A—F—%H
T RANSAC-PLS #3947 L7z, ZDOfEE, 1001 €7 ANHELNTZ. £, Honik
ETNONEIA T A ¥ —443.57 Th L. WIZ, HOLNIZET NITEIT 2 EERHY

(i & AR BE D = W) ORFE 21T > 72, 55 2 T T, S @ VIPE & Coefficient
Dl J5 & AV CEEH#Y 2 ER L1223, VIPEICITHEBEO EADEERNE o
T, UTHHT 2L B LZL DETNVORKHBICAETH D LB b, vk, —HK
B VIP OEWEIZ K Z Wy Coefficient 27~ L CUY 5 O TARE TIL Coefficient &
HIZHONWTHRF L7z, LavL, 1001 § DET MZDONT, %4 O Coefficient 7' 12 k
DHEEEREM AT T2 LI EVICHEMETES. 22T, BEs 7 2 X it

(Hierarchical Cluster Analysis, HCA) #17\>, Coefficient 7' &2 v B TWEET
WAL ZED D FEAR D Z L2 L7z, 1001 E7/Lx65 R Coefficients D1751%
HCA iZfit L, ZOfER% Fig. 34dA DX H7se— b~ v FICFR L.
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Cluster 3
109FETIL

> Cluster 2
628FET L

— Cluster 1
264ET )L

B Cluster dendrogram with AU/BP values (%)
(D _ all
O -
Q1 | ¢
<
£
O o
L
F
o

Fig. 3-4. RANSAC-PLS €7 /V & U & b iz PLS Coefficients ® HCA #& 5

(A) HCAfER At — b~y 712X VR L7z, 1 BUZ 1T ETAO 1§ Coefficient (25}t
L, £ R) »HIE () £ T Coefficient OfE% 3K LT 5. Coefficient 23 ¥ = (Tt
WEAIZRTREND. E72, £1T1E 1 T AD Coefficient (Zxtii L, #501E 1 R#HHO
Coefficient [ZXfJS L TW5. F, bt— b~y 7OBEBICKVEY)Z2E S TREMEZEID, 7

41



FTAZ—%GEILIZ. (B) BE— b~y 7RIS L TV RFMAIB LD ‘pvelust’ 12KV EHES
NI T AL DIFEMESR (ROBT). 7 T AZFEMRFTIX, —#HOT—# 71210 2468 L HCA
EHEITLERCEICY I ANRED T T AZICANDIHEREELZ LTS, pvelust DFER LD,
ATCHREE STz 3 7 7 A XL (RWRAIZ T2 K 912) 2R E1 91%, 90 %, 93 % D%
KL, RTF—H CEBIZGFHELTNWD I TALTHDHZ ENRENT.

t—hvy7OBEMRIZELY, 55172 1001 EF7 /LD Coefficient 7'~ MIKE< 3
INB = AT IITWD ERBIS. pxIZ, Fig. 3-4A TRENTZEIIZETVE 3
DDY TAZ=IIHEILT. TNEND Y T AZ—I2IE, 264, 628, 109 ET L1 E %
NTWa. 2B, TNENDOT T AZIZHOWT, ‘pvelust’ W) RNy r—U% v
T T AXFHEMR ZHE L. 77 AXGFEERIL, —HOT7T =272 F%2-T
HCA #/HFETTHZ L &M 0 KT E¥ (2 2T resampling £7213H 7V 7k
FES) 12X D, 07 FAXIZREUCY TV (0F0 PLS €7 /L) NADMEREEHIY
HLTRLTVDD, 100 ISITVEEZD Y TALZN BE ThdLEALND. T,
Fig. 3-4B T/RENAH LD — by T TRE LT 3 DD 7 AXITZNZEI 91 %,
90 %, 93 %DIFTEMERZ R LIZDT, A7 —Z TEBIFEL, PLSET V&35
TZOIWHAMR 7 A2 ThHDH EBZABNI. T, &7 T AZ —OHENRHW 2R E
T 57D, 77 AF—HNOET VTR Z LT Coefficient OFEXEZILY , Fig.
3-5 O X 9 7237 Coefficients 7' 7 7 A VA L T-.
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A Trehalose\

« Pyroglutamic « Lysine
acid

Valine

v\Caad.':wrerine

Unlcnown_002

Unlcnown_001

4

Valine,
Threonine_2TM

8
g 8
z ke
E] 8

Oxala
Unknown_6_Org.

Fructs

Fructs

Fig. 3-5. % HCA 7 7 R % —®D>#] PLS coefficients 712 7 7 A )V

KT T AR —ZEENDET VD PLS coefficients & ¥ Li=7 vy k. (A) 77 AKX —1 D
¥j Coefficients. (B) 7 7 A % —2 OF-¥] Coefficients. (C) 7 7 A% —3 D) Coefficients.
T T == %7 7 A FZ —WN Coefficient (EDEUE(F 7= Z /=3, 44 Coefficient A K& <, =T —
NIRRT N S e R ITEERH L L, B (EMERE) E7203E (AMEBE) TERLE.
7285, 52 BCEEICMET Lo WIR G TR L.

Fig. 3-5 O ¥ Coefficients 7’17 v F LV, Coefficient N K& < =T —— (ET /L
NTOREERAE) O/NSREERBEWEZRE L. fIETRICH A VA=

(Threonine 2TMS, Threonine 3TMS) BX W7 =g « 4 V7 = (Isocitric
acid+Citricacid) 1%, ED 7 7 A ZIZENTHRE W Coefficient Z/x L7z, ZHHD
REE, 2Todr 7L (L LUREEALEDF T N) [ZBWTHME & B Z R L
TWAh 72w, FiE T RANSAC-PLS #1702 THEHEMRH#W & L TR TELLZ &
INAFERNOH LN o7, Fie, TR, %7 T A Z —135A O BEGHY
s L7z, #l %1%, Cluster 1 TiX Trehalose, Cluster 2 Tl Lysine_4TMS &
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Pyroglutamic_acid_2TMS R b 5b. 22T, £ HCAZ FAXZ—IZGFENTWD
BTNV, HAMYN LTy ROV TANLTETWDLEEx LD, £2, %
7 TAZ =TS 2 T AV Ty b TR R 2R A B G E S ()
EEWHBEZRLTWD Z EREZLND. Hl 21T, Pyroglutamic acid_2TMS (3,
Cluster 2 TIZED Coefficient ZFf-> 7223, D7 T A% TITFIT/NHNIWAED
Coefficient Z£f> T\ 5728, ZORFMIL Cluster 2 124 T H T4 7 &y K
(IR Y, i & @V IEFER 2R L7z & 5 2 5. — 77, Cadaverine X° Valine_2TMS_major
DX RbEMIE, 3 DD T AZ—TRKE7 Coefficient Z/x L7z, ZiLH DL
G —7 I LT, 2L 0% IV TIEmE L FBIBR AR L TV D3, —HoY
YTNTIEHBRR DAY — o722, F 2 O Fig. 2-4B Tl k& W
Coefficient Z£f7272 o7 2 EBB 2 HiLDH. DF YV, RANSAC-PLS 2LV, £5D
P INE =B L RVMHANEZFF OV IV ERS ZENRTE L EEZ 5. LERES N
7o HEAHIL Table 3-1 (2 F L 7=,

Table 3-1. RANSAC-PLS kX v#E&hi 1- 7% ) — it BEEAHD B L ORR X
AW ALY S
BRRE D e & O |BEBLEEEHK

NLonm— 2 1E athIA, nthIA (Lo — R EHSOT 72 9)
Ny f batlA, batZh (VN 2z D T0)
THERY = spelA (FH XY U E2STT2D)

PR 1E spelA (V2 20T T20)

[ =871 SNV 3 iE oxpIA (B 7 )L5 I UREHCT20)
MHERIER L OVA Z R e — ARFTIC X DAEE T > o RIIKRTFE TR L. AFTE R0 o728k
FIIARMIED FIETE R CTEX R o TRIZ TR TR LT,

3.3.3. RANSAC-PLS & Y B oN-EERBMICE S CEGRFRES —7 v FORE
PLEX Y, MittERE & HEE S AR OBE/MI S LN, VT, e s EE
R L, 5 2 ECIThiLc L 9 BB FWE Y —5 » b &% Ui B 4 fMGE
L7z, AW B A2 RSB L OZENICEE 59 5815 1 1% Yeast Pathways
Database (http://pathway.veastgenome.org) CHFEZ 1T 7=, F 7z, ML EEHY
SHEE) L TET D LW OIEHLO FT, Table 3-1 OO &AMt M 3250
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FICHHE T 572D OBIB T S®EY —F Y NafET L2 LT L.

Thbbva /Ly I Vg, Mo —X, UV s sRE@me L, —
TGN e ERY AT S LRERFBD E BB FRETRE L. Er s
Z UM (EAEBE) 13X, OXPIICE D a—RansAx Y 7ulb—8 (FxF/7ml
YOEY R IIVE I UBBOSERES) OXRBIZE VEINT S Z LA THIS A [79].
72, bove—x (EFE) 1XATHI L0 a— RS 5@HEELEo bLoag—+8 (b
Losa— 25 fiElEsR) 8018 LN NTHI XY =2— R&En b gt Long —E[81]
LoD, Lo T, Menm—2A0EMA B LB FREL LT, 2
o 2 DOBIRFIEAZREZE L. —F, NU v (AMEB) 13 BATI B3 X O BAT2 I
FVa—RENDLT R EBLEEZOMEICLY a7 b Y EEBNOAKRSIND Z
EDRHBINTWDI82]. F7z, BUISIEFWEIETH Y, BATELFEIZ LD Y
vENELL, FAUTEIVTIMENZALT 5028 5 D EFiR 572012 BAT &in1 O
BHRE Lz, &klc, VYy (EMBE) &7 RY v (AHEE) 2o\, #ne
MU DB RIEIEFRIC L I SN HHBUSORE L EMI TH Y, T OB DR
BTV DU OEME, B AU oD, BEOMMEDOR EIco 3 s & Filsniz. L
2L, HEFRERHC IR W TR R 22 U O U IR R B FI3Am b N TV, £ 2T,
SPEI \IZX 0 a— REND AN =F URIERERITY & 0 BRI RTEE RO &0
IR (83], B4l 2 2B, Z OB TOMEARE L. DL, #RINTEET
BZEICHOWT, 2R FKRIE Table 3-1 OAANCFEH L7,

3.3.4. IR EEKDEERIIIREL

ATE & [FARRIZ, batIA ZFRE, Table 3-1 TR LA BAIX EUROSCARF =2 L7
v = v (httpi//web.uni-frankfurt.de/fb15/mikro/euroscarf/stra_des.html) & ¥ Hif L 7=.
batINIZBALTIE, =L 7 va ol X MIfgfiShTniholoio®d, T OESGA 5
Dic. IHIT, speIN TRV LI BERSE AR RS TR TE VN2 &b
MoToio, REEEBRN O LT, F, AiETHB L2 X 512, hisSAlZ KanMX
~— N —OREER R eHlica s br—gke LTHAE L.

BT, 52 mERIIE (2.2.2 ) THlAZFIRIC TRETHLNIZHHKIZ DN T
HEFHIH R E 21T > 72, Fig. 3-6A TREND L DIZ, HlIZ_E LTRIT 2T hissA
(ZATDFEBEFEE . (nonstress) 278 L72. —, 1- 7 X J—/LiRMH Y DA N L 25
T CUE, BR D EEHE IR (pstress) (TR & < #7257 (Fig. 3-6B 35 L UMF 4k Table A9).
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MEFRERELY, #BE L 488 (oxpIA, bat2\, athIA, nthIN) D5 H 38k (oxpIA,
bat2\, nthIA) X2 b —LERD hisSA XV AEIZEVY (Student D ¢ EIZ L S
p'Value < 005) fl'lﬁ‘@#aﬁigﬂﬁ Ustress oL,

A 0.5 0.18 k
0.45 - B 0.16 * %
=L
0.4 0.14 I
= 035 —~ 012 I
P % '
= 03 £ 01
o 0 2 0.08
5 02 2 -
@ 15 i,, 0.06
g 01 0.04
2 oos 0.02
0 0
his3 oxpl bhat2 athl nthl his3 oxpl bhat2 athl nthl

Fig. 3-6. RANSAC-PLS [ZE- SV TIRE S 17 2 E R D18 FE5 B I B 5.
RANSAC-PLS i RIZHESWTHAF LI HAERKD (A) A b LR LUSM T TORGNEE
(tnonstress) , 38 XN (B) 1.5% (viv)1 - 7% / —/L A h L Z5AE T2 5 HEBATEH L (pstress) -
AKT7T71% N=4 WIEEDOVFHZLRL, =T —"—THEMEEERELLRT. a2 br—/LK
his3A X 0 A I E WEZ R LR ICIT*~ — 27 Z4FTF 7= (p-value < 0.05). JHIEEIE %D

Table A9 IZFEREN5.

B OMGERME & LT, BLE/RONIEERKICOWT A Z AR o — LM 2470, ARG
WENTREVIZZEL LTeNE I D EER LT, £, oxpIAEE = b — LD hisSA
® Pyroglutamic acid f8xf & &fE4 th~7= (Fig. 3-7A). Z ZTi%, ZOR#FMOWUE
BRENKE L, NNV oT27280 oxpIA & hisSA & DA EZHENTE o7

(pvalue =0.2055) . KFEER TiX N=4 ORIEIZ L 0 3 % & & L7225, Pyroglutamic
acid IZOWTITAEZEEZTRTIZOICL D Z OEREV R LENLELEZ BND.
L2 L, Fig. 3-TA OFERND, oxpIA DY 7% I U F8IT hissA 10 &< ERELT
WD EPRESNTL. £, ZOEINIERICL- 78 7 — I HFE Liconb L
NRNEBZEND. RIZ2OD kLT —BEIEFEEIRICE L T, athIA & nthiA
D7 &b hisSA & BEZD & % Trehalose & &fE %7~ L7275, nthIA TiX Trehalose
Moy ha— ke i L CE LS @<, athIA TiX Trehalose 231 L7223 nthiA
IFEE LW ERTIEARo72 (Fig. 3-7B). ZOMAIE, nthIA 13AEREDM -2
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RL, athIA TEmENAEICH L2 =iERlERE R (Fig. 3-6B) (2—F L TWw
%. ATHI1ZEIZEEMSE T iR A o L Wit ST v [80], AMFFECTHW = HE
[DEWSERRTHICIX ATHI 3t 2 IGHEZ R 720w, 2 OBIB RO RIS
{TpoleEBELTVD.

PLEXY, BarnvsIome bbam—X 200 T & ORI HREETE /2.
LAY X, ZOEED ST 57200 bat2A 1TEWWitEE R LizZ ik L, X
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Valine O EEEMNMHE L AIZHEI L TW =2y, Z 2 Tlid bat2A\ 12 KD 30 ARG
KOBENIZORBYOER[ELZ L SE R THMEZ M LS. ZoHaE, AN
U > ORHY B IEPTPEICREZ RITT LV b, & OB ASE & %00
B CHRE L CWnD EEZEXbND. Fo, K TIINY VOARBRRKE 1- 74/ —
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ko — Utk hisSA X Y AR o 7= (prvalue < 0.05) W E BE 1T~ — 2 21T 7.
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2o T, BIETHSE L A Z AR e I 7 R TSN B A PSR BIERB LUK E CRI%
L7z RANSAC-PLS #fAWeTF —4~ A = ZIEOMAELEICL Y, EHORIA
IZBE- L TV AR DOFFE, DF VW ZORBIUZSOWTOH AL ESGH 2 & TE
HERINTZ.

335 ¥YTal—2arT—42 %Az RANSAC-PLS FEDBEHR

AWFZE THHFE 4172 RANSAC-PLS fTiEDFATICB W TIE, WL Dha—H—
IZE VRO RTIERERNWRT A—=E2nH 5. Zhik, (1) #0IRLZHET DR
2T U F DRSYIHIY 7L (initial samples) D%, (2) VT rEz A T4 F
— & L CHIWTT % 72D O inlier y-error threshold, B X (3) VT ETIILVERIF
THNEIMERD D TDD A 27 fz/IME min. score Th 5. 3.3.1HI THAILIZL D
2, ABFZETiX (2) & (3) % stringency (‘BEL &) EWH T A—FZ THEL,
stringency % EVMHED B ET ADMEFE SN O HEIPEE TRA IS, T VORIFET L
BRNBRDERLE LWRFICHREI T 5 2 I VRFESNDIET VORI 2 H HFEE
R D Lo R E -7, 72, (1) #IY 7oz >, 2 LETRT
UL D20, Fig. 3-1 1 Hnnd L 91, FIHIGERSY > 7LV OBNRLWE &R
LFBNE — BT AT AN ERRHICERIIN T LE W, EIN T 7 E T
B EOHBENZ — A2 H#EG L TWRWATREMER & 2D . DI, ABFETITHR Y
INED 110, OFV 75+10="7.5, MUEEFAT8IZ L THT-.

ZDE DT A—=F &A= 5, RANSAC-PLS 2 P4 0 IZHIE 2 — 2 D H7p
DY TINERFTDHIENTELERDLBREDIZDIZ, I alb—Yarr—4Fty
MZRANSAC-PLS Zi@MH L7z, ZOv I alb—varr—4ty M, 10017 (B
TV) X101 4] (LGB +100 AL E) ZaiefTdle LTERRL, Ftrichy

AN ST E M LIz, 72770, 10 HOMBAEEIC W TEEE TR,
33 YUV TIHISELE L MBI L, 33 Yo 7V TIXAMBET 2 L5 2R lE#HM L,
0 D 34 Y TN TIHELEOEFIC LT BEEERHY L L7z (Fig. 3-8A)
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INTIEBEEHIAKIF L TWDH, ZOKGFEOM); FER 2 —2) 12 3@bv (IE, £,
) FAELTWD., Z0XH7%eT7—4ty 22T PLS 7 /WML LR, BWVE
TIVIIHEE CTE T, Fig. 3-8C T/RrEND L 912 PLS Coefficient Tl AEHE B EH
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VYT TREINDEIICETNVIEHOMNI 2 7 T AT, £, &7 FAHXIC
DT Coefficient 2 5 U7z, ‘S EERHY NISEELHEEME LTV
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EEEBFHBE L TWAY TV EGATEET VDY T A X Y] Coefficient 7' 1 v K
(Fig. 3-8F) 12, IEAHBID /% — o L EAFAB D/ — U BNENENH] HNCRR ST
W, ZOREREY, KL TWDHEEANY — B FEEL, #Ek0 PLS €7 /L CIdH
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3.4. INE
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YITIWHERTHD I EREIES L.
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Strain

I

II

Description in Saccharomyces Genome Database

acel/cup2

ace2

adaZ2

adrl

aftl

art2

arg80

1

Copper-binding transcription factor; activates transcription of the
metallothionein genes CUP1-1 and CUP1-2 in response to elevated
copper concentrations

Transcription factor required for septum destruction after cytokinesis;
phosphorylation by Cbk1p blocks nuclear exit of Ace2p during the M-
to-G1 transition, causing its specific localization to daughter cell
nuclei, and also increases Ace2p activity; phosphorylation by Cdc28p
and Pho85p prevents nuclear import during cell cycle phases other
than cytokinesis; part of the RAM network that regulates cellular
polarity and morphogenesis

Transcription coactivator, component of the ADA and SAGA
transcriptional adaptor/HAT (histone acetyltransferase) complexes
Carbon source-responsive zinc-finger transcription factor, required for
transcription of the glucose-repressed gene ADHZ2, of peroxisomal
protein genes, and of genes required for ethanol, glycerol, and fatty
acid utilization

Transcription factor involved in iron utilization and homeostasis;
binds the consensus site PyPuCACCCPu and activates the expression
of target genes in response to changes in iron availability; in iron-
replete conditions activity is negatively regulated by Grx3p, Grx4p,
and Fra2p, which regulate Aftlp translocation from the nucleus to the
cytoplasm

Iron-regulated transcriptional activator; activates genes involved in
intracellular iron use and required for iron homeostasis and
resistance to oxidative stress; similar to Aftlp

Transcription factor involved in regulation of arginine-responsive

genes; acts with Arg81p and Arg82p
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arg81/argr2

arg82

aro80

arrl

arrl

azf1

basl

bas2/grf10/pho

2

cadllyap2

Zinc-finger transcription factor of the Zn(2)-Cys(6) binuclear cluster
domain type, involved in the regulation of arginine-responsive genes;
acts with Arg80p and Arg82p

Inositol polyphosphate multikinase IPMK), sequentially
phosphorylates Ins(1,4,5)P3 to form Ins(1,3,4,5,6)P5; also has
diphosphoinositol polyphosphate synthase activity; regulates
arginine-, phosphate-, and nitrogen-responsive genes

Zinc finger transcriptional activator of the Zn2Cys6 family; activates
transcription of aromatic amino acid catabolic genes in the presence
of aromatic amino acids

Transcriptional activator of the basic leucine zipper (bZIP) family,
required for transcription of genes involved in resistance to arsenic
compounds

Transcriptional activator of the basic leucine zipper (bZIP) family,
required for transcription of genes involved in resistance to arsenic
compounds

Zinc-finger transcription factor, involved in induction of CLN3
transcription in response to glucose; genetic and physical interactions
indicate a possible role in mitochondrial transcription or genome
maintenance

Myb-related transcription factor involved in regulating basal and
induced expression of genes of the purine and histidine biosynthesis
pathways; also involved in regulation of meiotic recombination at
specific genes

Homeobox transcription factor; regulatory targets include genes
involved in phosphate metabolism; binds cooperatively with Pho4p to
the PHO5 promoter; phosphorylation of Pho2p facilitates interaction
with Pho4dp

AP-1-like basic leucine zipper (bZIP) transcriptional activator

involved in stress responses, iron metabolism, and pleiotropic drug
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cat8

chf1

cha4

cinbd

crzl

cst6

cup9

resistance; controls a set of genes involved in stabilizing proteins;
binds consensus sequence TTACTAA

Zinc cluster transcriptional activator necessary for derepression of a
variety of genes under non-fermentative growth conditions, active
after diauxic shift, binds carbon source responsive elements

Dual function helix-loop-helix protein; binds the motif CACRTG
present at several sites including MET gene promoters and
centromere DNA element I (CDED); affects nucleosome positioning at
this motif; associates with other transcription factors such as Met4p
and Iswlp to mediate transcriptional activation or repression;
associates with kinetochore proteins and required for efficient
chromosome segregation

DNA binding transcriptional activator, mediates serine/threonine
activation of the catabolic L-serine (L-threonine) deaminase (CHA1);
Zinc-finger protein with Zn[2]-Cys[6] fungal-type binuclear cluster
domain

Basic leucine zipper (bZIP) transcription factor of the yAP-1 family;
physically interacts with the Tup1-Cyc8 complex and recruits Tuplp
to its targets; mediates pleiotropic drug resistance and salt tolerance;
nuclearly localized under oxidative stress and sequestered in the
cytoplasm by Lot6p under reducing conditions

Transcription factor that activates transcription of genes involved in
stress response; nuclear localization is positively regulated by
calcineurin-mediated dephosphorylation

Basic leucine zipper (bZIP) transcription factor, in ATF/CREB family;
mediates transcriptional activation of NCE103 (encoding carbonic
anhydrase) in response to low CO2 levels such as in the ambient air;
proposed to be a regulator of oleate responsive genes; involved in
utilization of non-optimal carbon sources and chromosome stability
Homeodomain-containing transcriptional repressor of PTR2, which

encodes a major peptide transporter; imported peptides activate

66



dalS0

dal81

dal82

ecmZ22

fzf1

gal3

gal4

ubiquitin-dependent proteolysis, resulting in degradation of Cup9p
and de-repression of PTR2 transcription

Negative regulator of genes in multiple nitrogen degradation
pathways; expression is regulated by nitrogen levels and by Gln3p;
member of the GATA-binding family, forms homodimers and
heterodimers with Dehl1p

Positive regulator of genes in multiple nitrogen degradation
pathways; contains DNA binding domain but does not appear to bind
the dodecanucleotide sequence present in the promoter region of
many genes involved in allantoin catabolism

Positive regulator of allophanate inducible genes; binds a
dodecanucleotide sequence upstream of all genes that are induced by
allophanate; contains an UISALL DNA-binding, a transcriptional
activation, and a coiled-coil domain

Sterol regulatory element binding protein, regulates transcription of
sterol biosynthetic genes; contains Zn[2]-Cys[6] binuclear cluster;
homologous to Upc2p; relocates from intracellular membranes to
perinuclear foci on sterol depletion

Transcription factor involved in sulfite metabolism, sole identified
regulatory target is SSU1, overexpression suppresses sulfite-
sensitivity of many unrelated mutants due to hyperactivation of
SSU1, contains five zinc fingers

Transcriptional regulator involved in activation of the GAL genes in
response to galactose; forms a complex with Gal80p to relieve Gal80p
inhibition of Gal4p; binds galactose and ATP but does not have
galactokinase activity

DNA-binding transcription factor required for the activation of the
GAL genes in response to galactose; repressed by Gal80p and

activated by Gal3p

67



gal80

gatl

gat2

gend

ger2

gisl

gin3

gzt3

hacl

Transcriptional regulator involved in the repression of GAL genes in
the absence of galactose; inhibits transcriptional activation by Gal4p;
inhibition relieved by Gal3p or Gallp binding

Transcriptional activator of genes involved in nitrogen catabolite
repression; contains a GATA-1-type zinc finger DNA-binding motif;
activity and localization regulated by nitrogen limitation and Ure2p
Protein containing GATA family zinc finger motifs; similar to Gln3p
and Dal80p; expression repressed by leucine

Basic leucine zipper (bZIP) transcriptional activator of amino acid
biosynthetic genes in response to amino acid starvation; expression is
tightly regulated at both the transcriptional and translational levels
Transcriptional activator of genes involved in glycolysis; interacts and
functions with the DNA-binding protein Gerlp

JmjC domain-containing histone demethylase and transcription
factor; involved in expression of genes during nutrient limitation;
negatively regulates DPP1 and PHR1; activity is modulated by
limited proteasome-mediated proteolysis; has a JmjC and a JmjN
domain in the N-terminal region that interact, promoting Gislp
stability and proper transcriptional activity; contains transactivating
domains TAD1 and TAD2 downstream of the Jmj domains and a C-
terminal DNA binding domain

Transcriptional activator of genes regulated by nitrogen catabolite
repression (NCR), localization and activity regulated by quality of
nitrogen source

GATA zinc finger protein and Dal80p homolog that negatively
regulates nitrogen catabolic gene expression by competing with Gatlp
for GATA site binding; function requires a repressive carbon source;
dimerizes with Dal80p and binds to Torlp

Basic leucine zipper (bZIP) transcription factor (ATF/CREB1

homolog) that regulates the unfolded protein response, via UPRE
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hal9

hap2

hap3

hap4

haps

imel

ino2

ino4

binding, and membrane biogenesis; ER stress-induced splicing
pathway facilitates efficient Haclp synthesis

Transcription factor that activates transcription of genes involved in
stress response; nuclear localization is positively regulated by
calcineurin-mediated dephosphorylation

Subunit of the heme-activated, glucose-repressed Hap2p/3p/4p/5p
CCAAT-binding complex, a transcriptional activator and global
regulator of respiratory gene expression; contains sequences sufficient
for both complex assembly and DNA binding

Subunit of the heme-activated, glucose-repressed Hap2p/3p/4p/5p
CCAAT-binding complex, a transcriptional activator and global
regulator of respiratory gene expression; contains sequences
contributing to both complex assembly and DNA binding

Subunit of the heme-activated, glucose-repressed Hap2p/3p/4p/5p
CCAAT-binding complex, a transcriptional activator and global
regulator of respiratory gene expression; provides the principal
activation function of the complex

Subunit of the heme-activated, glucose-repressed Hap2/3/4/5 CCAAT-
binding complex, a transcriptional activator and global regulator of
respiratory gene expression; required for assembly and DNA binding
activity of the complex

Master regulator of meiosis that is active only during meiotic events,
activates transcription of early meiotic genes through interaction with
Ume6p, degraded by the 26S proteasome following phosphorylation
by Ime2p

Component of the heteromeric Ino2p/Ino4p basic helix-loop-helix
transcription activator that binds inositol/choline-responsive elements
(ICREs), required for derepression of phospholipid biosynthetic genes
in response to inositol depletion

Transcription factor required for derepression of inositol-choline-

regulated genes involved in phospholipid synthesis; forms a complex,
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ixrl

leu3

lysi4

macl

met28

met31

mgal

migl

mig?2

with Ino2p, that binds the inositol-choline-responsive element
through a basic helix-loop-helix domain

Protein that binds DNA containing intrastrand cross-links formed by
cisplatin, contains two HMG (high mobility group box) domains,
which confer the ability to bend cisplatin-modified DNA; mediates
aerobic transcriptional repression of COX5b

Zinc-knuckle transcription factor, repressor and activator; regulates
genes involved in branched chain amino acid biosynthesis and
ammonia assimilation; acts as a repressor in leucine-replete
conditions and as an activator in the presence of alpha-
isopropylmalate, an intermediate in leucine biosynthesis that
accumulates during leucine starvation

Transcriptional activator involved in regulation of genes of the lysine
biosynthesis pathway; requires 2-aminoadipate semialdehyde as co-
inducer

Copper-sensing transcription factor involved in regulation of genes
required for high affinity copper transport

Basic leucine zipper (bZIP) transcriptional activator in the Cbflp-
Met4p-Met28p complex, participates in the regulation of sulfur
metabolism

Zinc-finger DNA-binding protein, involved in transcriptional
regulation of the methionine biosynthetic genes, similar to Met32p
Protein similar to heat shock transcription factor; multicopy
suppressor of pseudohyphal growth defects of ammonium permease
mutants

Transcription factor involved in glucose repression; sequence specific
DNA binding protein containing two Cys2His2 zinc finger motifs;
regulated by the SNF1 kinase and the GLC7 phosphatase

Protein containing zinc fingers, involved in repression, along with
Miglp, of SUC2 (invertase) expression by high levels of glucose; binds

to Miglp-binding sites in SUC2 promoter
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mig3 1 Probable transcriptional repressor involved in response to toxic
agents such as hydroxyurea that inhibit ribonucleotide reductase;
phosphorylation by Snflp or the Meclp pathway inactivates Mig3p,
allowing induction of damage response genes

mksl 1  Pleiotropic negative transcriptional regulator involved in Ras-CAMP
and lysine biosynthetic pathways and nitrogen regulation; involved in
retrograde (RTG) mitochondria-to-nucleus signaling

mot3 1 1 Transcriptional repressor and activator with two C2-H2 zinc fingers;
involved in repression of a subset of hypoxic genes by Rox1p,
repression of several DAN/TIR genes during aerobic growth, and
repression of ergosterol biosynthetic genes in response to
hyperosmotic stress; contributes to recruitment of the Tuplp-Cyc8p
general repressor to promoters; involved in positive transcriptional
regulation of CWP2 and other genes; can form the [MOT3+] prion

msnl 1 Transcriptional activator involved in regulation of invertase and
glucoamylase expression, invasive growth and pseudohyphal
differentiation, iron uptake, chromium accumulation, and response to
osmotic stress; localizes to the nucleus

msnZ2 1 Transcriptional activator related to Msn4p; activated in stress
conditions, which results in translocation from the cytoplasm to the
nucleus; binds DNA at stress response elements of responsive genes,
inducing gene expression

msn4 1 Transcriptional activator related to Msn2p; activated in stress
conditions, which results in translocation from the cytoplasm to the
nucleus; binds DNA at stress response elements of responsive genes,
inducing gene expression

nggl/ada3 Transcriptional regulator involved in glucose repression of Gal4p-
regulated genes; component of transcriptional adaptor and histone
acetyltransferase complexes, the ADA complex, the SAGA complex,
and the SLIK complex
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not3

nrgl

oafl

opil

pdrl

pdr3

pdr8

pho23

pho4

Subunit of the CCR4-NOT complex, which is a global transcriptional
regulator with roles in transcription initiation and elongation and in
mRNA degradation

Transcriptional repressor that recruits the Cyc8p-Tuplp complex to
promoters; mediates glucose repression and negatively regulates a
variety of processes including filamentous growth and alkaline pH
response

Oleate-activated transcription factor, acts alone and as a heterodimer
with Pip2p; activates genes involved in beta-oxidation of fatty acids
and peroxisome organization and biogenesis

Transcriptional regulator of a variety of genes; phosphorylation by
protein kinase A stimulates Opilp function in negative regulation of
phospholipid biosynthetic genes; involved in telomere maintenance
Zinc cluster protein that is a master regulator involved in recruiting
other zinc cluster proteins to pleiotropic drug response elements
(PDREs) to fine tune the regulation of multidrug resistance genes
Transcriptional activator of the pleiotropic drug resistance network,
regulates expression of ATP-binding cassette (ABC) transporters
through binding to cis-acting sites known as PDREs (PDR responsive
elements); post-translationally up-regulated in cells lacking a
functional mitochondrial genome

Transcription factor; targets include ATP-binding cassette (ABC)
transporters, major facilitator superfamily transporters, and other
genes involved in the pleiotropic drug resistance (PDR) phenomenon
Probable component of the Rpd3 histone deacetylase complex,
involved in transcriptional regulation of PHOS5; affects termination of
snoRNAs and cryptic unstable transcripts (CUTSs); C-terminus has
similarity to human candidate tumor suppressor p33(ING1) and its
isoform ING3

Basic helix-loop-helix (b HLH) transcription factor of the myc-family;

activates transcription cooperatively with Pho2p in response to
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pprl

puts

rgtl

ricl

riml101

roxl

rpn4

phosphate limitation; binding to 'CACGTG' motif is regulated by
chromatin restriction, competitive binding of Cbflp to the same DNA
binding motif and cooperation with Pho2p,; function is regulated by
phosphorylation at multiple sites and by phosphate availability

Zinc finger transcription factor containing a Zn(2)-Cys(6) binuclear
cluster domain, positively regulates transcription of URA1, URAS,
URA4, and URA10, which are involved in de novo pyrimidine
biosynthesis, in response to pyrimidine starvation; activity may be
modulated by interaction with Tuplp

Transcriptional activator of proline utilization genes, constitutively
binds PUT1 and PUT2 promoter sequences as a dimer and undergoes
a conformational change to form the active state; differentially
phosphorylated in the presence of different nitogen sources; has a
Zn(2)-Cys(6) binuclear cluster domain

Glucose-responsive transcription factor that regulates expression of
several glucose transporter (HXT) genes in response to glucose; binds
to promoters and acts both as a transcriptional activator and
repressor

Protein involved in retrograde transport to the cis-Golgi network;
forms heterodimer with Rgplp that acts as a GTP exchange factor for
Ypt6p; involved in transcription of rRNA and ribosomal protein genes
Transcriptional repressor involved in response to pH and in cell wall
construction; required for alkaline pH-stimulated haploid invasive
growth and sporulation; activated by proteolytic processing; similar to
A. nidulans PacC

Heme-dependent repressor of hypoxic genes; contains an HMG
domain that is responsible for DNA bending activity

Transcription factor that stimulates expression of proteasome genes;
Rpndp levels are in turn regulated by the 26S proteasome in a
negative feedback control mechanism; RPN4 is transcriptionally

regulated by various stress responses

73



rsf2

sfl1

sind

sip4

skn7

skol

spt23

stho

Zinc-finger protein involved in transcriptional control of both nuclear
and mitochondrial genes, many of which specify products required for
glycerol-based growth, respiration, and other functions
Transcriptional repressor and activator; involved in repression of
flocculation-related genes, and activation of stress responsive genes;
negatively regulated by cAMP-dependent protein kinase A subunit
Tpk2p

Component of the Sin3p-Rpd3p histone deacetylase complex, involved
in transcriptional repression and activation of diverse processes,
including mating-type switching and meiosis; involved in the
maintenance of chromosomal integrity

C6 zinc cluster transcriptional activator that binds to the carbon
source-responsive element (CSRE) of gluconeogenic genes; involved in
the positive regulation of gluconeogenesis; regulated by Snflp protein
kinase; localized to the nucleus

Nuclear response regulator and transcription factor; physically
interacts with the Tup1-Cyc8 complex and recruits Tuplp to its
targets; part of a branched two-component signaling system; required
for optimal induction of heat-shock genes in response to oxidative
stress; involved in osmoregulation

Basic leucine zipper transcription factor of the ATF/CREB family;
forms a complex with Tuplp and Cyc8p to both activate and repress
transcription; cytosolic and nuclear protein involved in osmotic and
oxidative stress responses

ER membrane protein involved in regulation of OLE1 transcription,
acts with homolog MgaZ2p; inactive ER form dimerizes and one
subunit is then activated by ubiquitin/proteasome-dependent
processing followed by nuclear targeting

Transcription factor, involved in regulating multidrug resistance and

oxidative stress response; forms a heterodimer with Pdrlp; contains a
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stpl

stp2

sutl

swib

teal

thi2

tye7

ugad

Zn(ID)2Cys6 zinc finger domain that interacts with a pleiotropic drug
resistance element in vitro

Transcription factor, undergoes proteolytic processing by SPS (Ssylp-
Ptr3p-Ssyb5p)-sensor component Ssy5p in response to extracellular
amino acids; activates transcription of amino acid permease genes
and may have a role in tRNA processing

Transcription factor, activated by proteolytic processing in response to
signals from the SPS sensor system for external amino acids;
activates transcription of amino acid permease genes

Transcription factor of the Zn[II]2Cys6 family involved in sterol
uptake; involved in induction of hypoxic gene expression
Transcription cofactor; forms complexes with Swi4p and Mbplp to
regulate transcription at the G1/S transition; involved in meiotic gene
expression; also binds Stb1p to regulate transcription at START; cell
wall stress induces phosphorylation by Mpklp, which regulates Swi6p
localization; required for the unfolded protein response,
independently of its known transcriptional coactivators

Ty1 enhancer activator required for full levels of Ty enhancer-
mediated transcription; C6 zinc cluster DNA-binding protein
Transcriptional activator of thiamine biosynthetic genes; interacts
with regulatory factor Thi3p to control expression of thiamine
biosynthetic genes with respect to thiamine availability; acts together
with Pdc2p to respond to thiaminediphosphate demand, possibly as
related to carbon source availability; zinc finger protein of the
Zn(ID2Cys6 type

Serine-rich protein that contains a basic-helix-loop-helix (bHLH) DNA
binding motif; binds E-boxes of glycolytic genes and contributes to
their activation; may function as a transcriptional activator in Ty1-
mediated gene expression

Transcriptional activator necessary for gamma-aminobutyrate

(GABA)-dependent induction of GABA genes (such as UGA1, UGAZ2,
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umeé

usvl

wtmZ2

xbpl

Yapl

yap3
yapd

yap6

yap7

UGA4); zinc-finger transcription factor of the Zn(2)-Cys(6) binuclear
cluster domain type; localized to the nucleus

Key transcriptional regulator of early meiotic genes, binds URS1
upstream regulatory sequence, couples metabolic responses to
nutritional cues with initiation and progression of meiosis, forms
complex with Imelp, and also with Sin3p-Rpd3p

Putative transcription factor containing a C2H2 zinc finger; mutation
affects transcriptional regulation of genes involved in growth on non-
fermentable carbon sources, response to salt stress and cell wall
biosynthesis

Transcriptional modulator involved in regulation of meiosis, silencing,
and expression of RNR genes; involved in response to replication
stress; contains WD repeats

Transcriptional repressor that binds to promoter sequences of the
cyclin genes, CYS3, and SMF2; expression is induced by stress or
starvation during mitosis, and late in meiosis; member of the
Swidp/Mbp1lp family; potential Cdc28p substrate

Basic leucine zipper (bZIP) transcription factor required for oxidative
stress tolerance; activated by H202 through the multistep formation
of disulfide bonds and transit from the cytoplasm to the nucleus;
mediates resistance to cadmium

Basic leucine zipper (bZIP) transcription factor

Basic leucine zipper (bZIP) iron-sensing transcription factor

Basic leucine zipper (bZIP) transcription factor; physically interacts
with the Tup1-Cyc8 complex and recruits Tuplp to its targets;
overexpression increases sodium and lithium tolerance;
computational analysis suggests a role in regulation of expression of
genes involved in carbohydrate metabolism

Putative basic leucine zipper (bZIP) transcription factor
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yrml 1 Zm2-Cys6 zinc-finger transcription factor that activates genes
involved in multidrug resistance; paralog of Yrrlp, acting on an
overlapping set of target genes

yrrl 1 Zm2-Cys6 zinc-finger transcription factor that activates genes
involved in multidrug resistance; paralog of Yrm1p, acting on an
overlapping set of target genes

zapl Zinc-regulated transcription factor; binds to zinc-responsive
promoters to induce transcription of certain genes in presence of zinc,
represses other genes in low zinc; regulates its own transcription;
contains seven zinc-finger domains

(TOTAL) 4 3

5 3

I - EEFORIRICERDOWT LN E 45  stress, response, tolerance, resistance

"
II & EFDOTRITE DTN E EI D + metabol* (il 2 1E metabolism, metabolic,

metabolite) ; *synthe* (ffil 21X synthesis, synthetic, biosynthesis, biosynthetic) ; catabol*

(5] 21X catabolism, catabolic, catabolite), transport
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Table A2. #5 2 BMIZAWEBERFERMRDA PVAZHET - A PLVRAT7 Y —&MHTT
DL EEGEEERIEM (N=1)

Batc  pnon-
Strain Ustress ratio
h stress

ace2 1 0.384 0.182 0.474
arg80 1 0.442  0.204 0.462
aro80 1 0.452 0.231 0.510
basl 1 0.451 0.216 0.480
dal80 1 0.459 0.186 0.405
fzf1 1 0.455 0.210 0.462
gend 1 0.458 0.168 0.367
gln3 1 0.460 0.216 0.469
gz13 1 0.441 0.183 0.415
1no4 1 0.286  0.122 0.427
leus 1 0.444  0.187 0.422
met28 1 0.438 0.180 0.410
mot3 1 0.466  0.204 0.438
oafl 1 0.460 0.216 0.469
pho4 1 0.444  0.200 0.450
rpn4 1 0.420 0.104 0.246
stpl 1 0.449 0.169 0.378
stp2 1 0.433 0.135 0.311
ugal 1 0.465 0.214 0.461
yap6 1 0.461 0.221 0.479
wt-1 1 0.457 0.160 0.351
arg82 2 0.401  0.100 0.249
basZ/grfl0/p 2 0.422  0.220 0.520
ho2

cadl/yap2 2 0.443  0.248 0.560
dal81 2 0.439 0.244 0.557
hap2 2 0.433 0.214 0.495
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hap3
hapb
imel
no2
ixrl
lysi4
met31
opil
thi2
wt-2
adrl
arrl
ecmZ22
hacl
hap4
mig2
mksl1
nrgl
pdrl
pho23
ricl
sind3
sutl
umeb
wt-3
cat8§
cha4
cinb
crzl
hal9

msnZ2

B R R R R R W W W W W W W W W W W W W W WN DN NN DD DN DN DN DN

0.413
0.444
0.423
0.244
0.418
0.439
0.396
0.264
0.434
0.455
0.431
0.423
0.443
0.431
0.447
0.421
0.421
0.414
0.417
0.435
0.327
0.460
0.437
0.440
0.399
0.352
0.394
0.409
0.419
0.417
0.396

0.171
0.227
0.231
0.155
0.244
0.238
0.222
0.156
0.236
0.190
0.220
0.195
0.218
0.209
0.193
0.203
0.223
0.209
0.186
0.223
0.211
0.212
0.208
0.233
0.164
0.222
0.213
0.230
0.224
0.214
0.202

0.415
0.512
0.545
0.634
0.584
0.543
0.561
0.593
0.543
0.417
0.511
0.461
0.493
0.485
0.431
0.483
0.530
0.504
0.446
0.514
0.644
0.460
0.476
0.529
0.412
0.629
0.540
0.563
0.534
0.514
0.510

79



msn4
pdr8
pprl
rgtl
rim101
sip4
skn7
sthd
yvapl
yvap3
wt-4
aft2
arrl
ger2
msnl
pdr3
sfl1
skol
swib
tye7
usvl
wtmZ2
xbpl
yapd
yap7
yrml
yrrl
wt-5
aftl
cbf1
cst6

S oy O Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot O B B bk bk B B s R

0.387
0.434
0.419
0.418
0.408
0.409
0.434
0.413
0.422
0.421
0.410
0.463
0.439
0.318
0.430
0.443
0.455
0.428
0.377
0.453
0.445
0.450
0.431
0.445
0.435
0.454
0.458
0.442
0.434
0.349
0.476

0.210
0.251
0.265
0.217
0.227
0.209
0.218
0.107
0.216
0.217
0.202
0.237
0.205
0.124
0.213
0.214
0.183
0.272
0.076
0.249
0.216
0.239
0.220
0.191
0.218
0.205
0.193
0.162
0.166
0.166
0.219

0.541
0.578
0.633
0.519
0.555
0.513
0.501
0.259
0.512
0.515
0.493
0.513
0.468
0.389
0.495
0.484
0.401
0.635
0.201
0.550
0.486
0.532
0.510
0.430
0.500
0.452
0.420
0.367
0.384
0.476
0.460
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gatl 6 0.468  0.245 0.523
gisl 6 0.476  0.257 0.540
migl 6 0.441  0.222 0.505
mig3 6 0.471  0.254 0.539
put3 6 0.471  0.229 0.486
rsf2 6 0.456  0.183 0.402
zapl 6 0.448 0.224 0.498
wt-6 6 0.444 0.193 0.435
acel/cupZ2 7 0.499 0.212 0.426
adaZ2 7 0.320 0.103 0.320
arg81l/argr?2 7 0.477 0.214 0.449
azf1 7 0.491 0.281 0.573
cup9 7 0.457  0.202 0.442
dals2 7 0.471  0.232 0.494
gal3 7 0.492  0.217 0.440
gal4 7 0.508  0.209 0.411
gals0 7 0.466 0.216 0.464
gat2 7 0.474  0.245 0.518
macl 7 0.448  0.240 0.537
mgal 7 0.507 0.168 0.331
nggl/ada3 7 0.387 0.166 0.429
not3 7 0.449 0.191 0.426
rox1 7 0.499 0.216 0.434
spt23 7 0.441  0.229 0.520
teal 7 0.448  0.197 0.441
wt-7 7 0.480 0.161 0.336

wt-1 M5 wt-7T FTEAFFFHUTILIE, SROEOICRIEE NNV FICEENTIZEEKR (BY4742).
‘Ratio’(i ]J.stress/}/lnon'stress tt&%u*j-é .
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Table A3. * & A v — LMEHTE LOENRE T AEEICHWC 19RO P LR 7Y —5%
HTFRIVLE% (VW1 - 7F ) — V5T L FERE

Hnonstress Ustress

nl n2 n3 n4 Mean S.D. |nl n2 Mean S.D.

mks1 0.4147 0.5525 0.4635 0.3815 0.4531 0.0744 | 0.1836 0.1811 0.1823 0.0018
skol 0.4389 0.5584 0.4829 0.4250 0.4763 0.0601 | 0.1724 0.1549 0.1636 0.0124
lys14 0.4240 0.5446 0.4839 0.4159 0.4671 0.0599 |0.1570 0.1532 0.15651  0.0027
thi2 0.4106 0.5473 0.4677 0.3971 0.4557 0.0684 | 0.1537 0.1491 0.15614  0.0032
leu3 0.4802 0.5427 0.4646 0.3785 0.4665 0.0677 | 0.1432 0.1539 0.1485 0.0076
basl 0.4523 0.5362 0.5213 0.5145 0.5061 0.0370 | 0.1562 0.1407 0.1484 0.0110
tye7 0.4831 0.5377 0.4902 0.3984 0.4773 0.0579 | 0.1340 0.1545 0.1443 0.0145
gat2 0.5220 0.5481 0.5451 0.4335 0.5122 0.0537 | 0.1429 0.1421 0.1425 0.0006
sip4 0.4682 0.5476 0.4932 0.4535 0.4906 0.0414 | 0.1574 0.1267 0.1421 0.0217
yap6 0.5124 0.5388 0.5079 0.5071 0.56165 0.0150 | 0.1461 0.1311 0.1386 0.0107
azfl 0.4979 0.5645 0.4885 0.4273 0.4945 0.0562 | 0.1340 0.1422 0.1381 0.0058
aro80 0.4853 0.5312 0.4794 0.4686 0.4911 0.0276 |0.1442 0.1319 0.1381 0.0087
puts3 0.4517 0.5197 0.4882 0.4974 0.4892 0.0283 | 0.1455 0.1291 0.1373 0.0116
oafl 0.4883 0.4860 0.4708 0.4929 0.4845 0.0096 | 0.1436 0.1209 0.1323 0.0160
dal80 0.4446 0.5436 0.5483 0.4933 0.5075 0.0487 |0.1256 0.1269 0.1263  0.0009
stp2 0.4846 0.5243 0.5007 0.4386 0.4871 0.0362 |0.1212 0.1149 0.1181 0.0045
gend 0.4911 0.5307 0.4993 0.4425 0.4909 0.0365 | 0.1266 0.1037 0.1152 0.0162
rsf2 0.4384 0.5482 0.4984 0.5128 0.4994 0.0458 | 0.1127 0.1058 0.1092  0.0049
mot3 0.3891 0.3954 0.3995 0.4156 0.3999 0.0113 | 0.0714 0.0907 0.0810 0.0136

BY4742 | 0.4136 0.4934 0.4334 0.4068 0.4368 0.0394 | 0.1198 0.1215 0.1207 0.0012
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Table A4. A # AR —AEHTICEE L THWZT —20HY 7 Y =T D/RT A—F

MetAlign
Mass Mode
Mass Bin

Baseline and Noise Peak Elimination

Params

Retention Begin (Scan nr)
Retention End (Scan nr)

Maximum Amplitude

Peak Slope Factor (x Noise)

Peak Threshold Factor (x Noise)
Peak Threshold (Abs. Value)
Average Peak Width at Half Height
(Scans)

Keep Peak Shape (no alignment)

Pre-Synchronize Scans

Scaling Options

Initial Peak Search Criteria

Begin of 1st Region
End of 1¢t Region
Begin of 2rd Region
End of 2n Region

Tuning Aligsnment Options and

Criteria
Alignment Type
Maximum Shift per 100 Scans

Nominal

0.60

1

24000
7000000
1

4

200

25

no

no

No Scaling

Scan Nr. Max. Shift
0 20

24000 30

0 0

0 0

Pre-align processing (Iterative)
35

1st Tteration Last Iteration
7 7

10 5
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Mass Peak Selection

Min. Factor (x Noise)
Min. Nr. of Masses

MSClust

Effective Peaks

Peak Width, scans or time
P.W. Margin Softness
Correlation Threshold
C.T. Margin Softness

PD Reduction

PD Reduction Softness

Stop Criterion

Aloutput2

Peak Table Making
Height Threshold

RT Binning

Peak Identification and Annotation

Available Index
Analysis Type
RI Tolerance

Match Threshold (0.7-0.9)

Filtering

Type

Height Filter
RSD(CV) Filter

200
10

0.8
0.02
0.8
0.01

50

Retention Index
Non targeted

5

0.8

Accurate
1000
20
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Table A5. GC/MS (2 LV B L OVER S k& E—7

Compound Name RT RI RI lib. RI QuantMS Mass
deviation similarity
No RI
Unknown 247.75 134
Inf.
No RI
Unknown 248 130
Inf.
No RI
Unknown 257.55 221
Inf.
n-Propylamine 282.1 1028 1028.23  0.649 174 0.993
Oxalacetic
297.35 1050 174
acid+Pyruvate 1049.08 0.803 0.992
Unknown_2 302.15 1057 130
Lactic acid 306.75 1064 1062.36  1.270 117 0.995
Unknown_4 312.65 1072 221
Unknown_5 333.55 1103 188
Alanine_2TMS 336 1107 1105.68  1.023 116 0.988
Unknown_6_Organic
336.05 1107 147
acid like
Unknown_8 354.5 1135 130
Unknown_10 366.3 1153 191
Leucine_1TMS 369.5 1158 1157.68 0.294 86 0.999
Unknown_13 381.95 1177 144
Unknown_14 409.2 1220 130
Valine_2TMS_major 411 1223 1221.7 1.445 144 0.994
Urea 419.05 1236 1236.49 0.074 147 0.996
Unknown_16_Amine
422.3 1242 174
like
Serine_2TMS_minor 435.056 1263 1262.64 0.153 116 0.994
Leucine_2TMS 445.1 1279 1278.66  0.700 158 0.994
Unknown_23 446.35 1281 211
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Glycerol
Threonine_2TMS_mino
r
Isoleucine_2TMS_major
Proline 2TMS
Glycine_3TMS

Uracil
Serine_3TMS_major
Threonine_3TMS_majo
r

Malic acid

Aspartic acid_3TMS
5-Oxoproline

Glutamic acid_3TMS
Phenylalanine_2TMS
Asparagine_3TMS
Phthalic acid
2-Aminoadipic acid
Quinolinic acid

Ribitol

Orotic acid
Ornithine_3TMS
Glutamine_3TMS
Isocitric acid+Citric
acid

4-Aminobenzoic acid
Cadaverine

Glucose_1
Lysine_4TMS
Galactose_2+Glucose_2

Tyrosine

446.7

458.15

458.5
461
466.95
483.4
496.75

512.45

564.45
580.95
582.4
628.65
634.8
653.55
668.25
673
680
684.5
686.6
691.3
698.9

721.75

723.4
729.3
760.85
763.35
768.75
770.45

1282

1301

1302
1306
1317
1346
1370

1398

1497
1530
1533
1629
1642
1683
1715
1726
1742
1752
1757
1768
1785

1839

1843
1857
1934
1940
1954
1958

1280.81

1299.31
1300.64
1306.38
1316.4

1344.43

1370.14

1396.08
1496.36
1529.21
1532.89
1628.11
1642.75
1682.41
1707.28
1725.27
1742.32
1753.64
1757.76
1768.56
1785.52

1837.41
1843.24
1856.9

1932.24
1939.94
1950.45
1956.8

1.188

1.635
0.930
0.351
0.243
1.556
0.340

1.726
0.455
0.981
0.253
0.803
0.577
0.190
7.816
0.641
0.471
1.545
0.884
0.983
0.638

1.370
0.513
0.058
1.722
0.306
3.371
1.295

147

117

158
142
174
99

204

117

147
232
156
246
218
116
147
217
147
217
254
174
156

147

192
174
205
156
147
218

0.966

0.967
0.990
0.999
0.996
0.991
0.998

0.988
0.986
0.995
0.981
0.993
0.996
0.994
0.823
0.966
0.922
0.978
0.964
0.959
0.994

0.968
0.970
0.988
0.956
0.968
0.931
0.993
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Sorbitol 7.7 1976  1977.61  1.290 205 0.944

Glucarate_1_same 781.1 1985  1980.9 3.967 217 0.874
Plamitic acid(16:0) 804.85 2047  2047.65  1.041 117 0.966
Inositol 837.25 2133 2132.25 1.019 217 0.961
Tryptophan_1TMS 867.5 2217  2217.35 0.148 218 0.997
Tryptamine_1 873.3 2234  2233.05 0.780 128 0.984
Stearic acid(17:0) 876.9 2244 22441  0.051 117 0.950
Tryptophan_3TMS 878.85 2250  2249.15  0.592 202 0.997
Spermidine 891.65 2286  2285.18 1.259 144 0.941
Cystine 904.05 2323  2324.78  1.843 218 0.912
Fructose 6-phosphate_2 915.2 2356  2355.34  0.940 315 0.895
Fructose 6-phosphate_3 920.15 2371  2370.11 0.973 387 0.928
Unknown_98 942.65 2440 - - 150
Sucrose 1024.4 2706  2706.2 0.432 361 0.920
1056.3
Trehalose 2817 191
5 2816.81  0.552 0.949
Unknown_102 1108.3 3008 - - 105

ARFTTIL Aloutput2 @i/ (PeakTableUpdate 5 S OF IdentificationTable V—2 > — k) X
DIELNTeE—JEHREE L DT,
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Table A6. B2 ETEOLNESTHKROA P LAZ ) —BLIWM1.6% WV - T % —14%
T LR (% N=4)

Strain nl Average Standard p-value

deviation

Hronstress

his3 0.4131 0.4331 0.3967 0.4020 0.4112 0.0161

chal  0.4335 0.4602 0.4508 0.4439 0.4471 0.0112 0.0525
met2 0.4344 0.4156 0.4502 0.4281 0.4321 0.0144 0.4215
aatl 0.4392 0.4659 0.4494 0.4352 0.4474 0.0137 0.0554
aat2 0.4471 0.4680 0.3957 0.4537 0.4411 0.0315 0.2377
citl 0.4604 0.4333 0.4056 0.4557 0.4387 0.0251 0.2526
cit2 0.4735 0.4297 0.4439 0.4210 0.4420 0.0230 0.1642
cit3 0.3814 0.4302 0.3776 0.4172 0.4016 0.0261 0.1652

le‘cress

his3 0.1329 0.1280 0.1565 0.1378 0.1388 0.0124

chal 0.1558 0.1503 0.1526 0.1529 0.0028 0.1178
met2 0.1696 0.1635 0.1646 0.1659 0.0033 0.0156
aatl 0.1456 0.1327 0.1463 0.1527 0.1443 0.0084 0.4927

aat2 0.1523 0.1640 0.1451 0.1421 0.1509 0.0098 0.1785
citl 0.1378 0.1553 0.1508 0.1433 0.1468 0.0078 0.3175
cit2 0.1720 0.1873 0.1787 0.1816 0.1799 0.0064 0.0011
cit3 0.1332 0.1420 0.1398 0.1519 0.1417 0.0077 0.7064

BRIZONWT, BAs v an=—nbAEMFRREOY TV ERHE L. pvalue IE

Student’s £ £ %€ (two-tailed MWifll, homoscedastic Z4yH0) L v 5 L7-.
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Table A7. % OSC B2 & Y B ie 7 — Z 3B oFIE
NO. OF OSC FRAC. TOTAL FRAC. TOTAL FRAC. TOTAL

COMPONENTS VARIANCE VARIANCE VARIANCE
REMAINING EXPLAINED BY EXPLAINED

0SsC (CUMULATIVE)
COMPONENT

0 1 - 0

1 0.8268988 0.1731012 0.1731012

2 0.699962 0.1269368 0.300038

3 0.6463233 0.0536387 0.3536767

4 0.5974177 0.04890561 0.4025823

AHFFETIL 4 DETD OSC R MR L THIZ. FRSICEVHASNEZENET—4 v b
MO EE LD, SO EZRTRLEZ. 1, H 20 0SClRIIENENT — X 5
D 17.31% & 12.69%% ] L7=DT, &4 OSCHy & LTHEXT=. —J, % 3 D 0SC sy
X7 =2 5D DT 5.36% Lt T, ZLLARED OSC o EEIT/h S22 BB & &/
BL7=DT, AT 0OSC otz 2 & L.
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Table A8. B3 EZEDT —F A =V TEDENRT A —F

Data preprocessing

Scaling method: autoscale (mean-centering + scaling by standard deviation)

No. of OSC components: 2

RANSAC-PLS

Initial sample size: 8
No. of PLS components: 1
Inlier y~error threshold (initial value): 0.5*
*adjusted with y~error threshold = 0.5 — 0.25 * stringency
Min. score (initial value) = 1
**adjusted with min. score = 1 * stringency
Stringency (initial value) = 1
***adjusted with stringency = stringency * 0.9

PLS cross validation method: 7-fold jackknifing cross validation (CV7)

Threshold num. models for termination: 1000

HCA
Distance measure: Pearson correlation

Linkage method: Ward
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Table A9. % 3 ETHEONT-HTHRD 1.5% (viv)1 - 7 & ) — L&Ak T e I85EEEE (N=4)

nl n2 n3 n4 averag s.d. p-value
e

non-stress
his3 0.417 0.417 0.437 0.421 0.423 0.010 1.0000
oxpl 0.435 0.437 0.426 0.423 0.430 0.007 0.2434
bat2 0.443 0.446 0.440 0.444 0.443 0.003 0.0060
athl 0.424 0.446 0.433 0.437 0.435 0.009 0.1124
nthl 0.444 0.435 0.452 0.437 0.442 0.008 0.0220
stress
his3 0.090 0.115 0.083 0.101 0.097 0.014 1.0000
oxpl 0.131 0.114 0.147 0.163 0.139 0.021 0.0164
bat2 0.144 0.135 0.136 0.157 0.143 0.010 0.0019
athl 0.106 0.124 0.096 0.136 0.115 0.018 0.1636
nthl 0.142 0.117 0.153 0.118 0.133 0.018 0.0209

BERIZHOWT, B v rnan=—nbEMPREOY 7V EHELL. ARV X,
ARV AT Y =FMFCBWTRILFEZOMREYIEL (“nl” L) IZF, ALy ran=—
NHDOH D% AV, pvalue IX Student’s ¢ #E (two-tailed i#i{fll, homoscedastic %5y #) &
DERE L.
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