WD 9Dz el
E4 (I AL X5 ()
oA oo fOE L (R
FoAL R #F 5 R 1246 %
TR H B SM243H25H
AL G O B SEACHAIEE 4 555 1
b 28 B, B RAERFPRTFR R R (L) MR RR ¥ /K
W3 M H  Aspergillus BARKREICE T AWM RBEERD FOERP 7 a2 —& —|T &
2 R G- 1l RV A D fi AT
MEimEaEZEe (E8) dEER Fir mok
Bt B A
Bz oKkl
¥z Bk With
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Fr i
HEBEOFEEMIBT D Aspergillus JERIREITIT, FEEFPEZE AN S 02 PEZEM HE
Rt FOHIRE, BYMOHN CEIGREREN S E, FAO ARSI b EEE KT
(1), BEHEH Aspergillus oryzae 1%, {RFEMIRIEXEM Aspergillus B-RIREO—FETHD | kD
TUTURRGEDE R EE BT HRNTENTND Z &6, BARIZEBWTHAR
RO 7 & OERAREER S OGS < B FIH S TWD Q). £72. £ D 1000
T K SRS R O AT D2 ZRMQ)mNZ VX B WRETI(4), AR A
FERETI(S, 6)72 D, A. oryzae ITEMRCEIRLHEOFHMEAESFE L L CORMAR RS
NTWo, IHIZ, doryzae BH X RABMEW 413 & A EAFE LR\ 2, I TIEEME
TIRIHIFEMAFED T DD I V=R A R E L TORABIENRY 225 5H(7, 8), LD X
HNZH MDD EN A oryzae (IZOWTOERiEZ S HIZIRO D728, A. oryzae (BT 557 1/4&
YR ROERPED b T D
FEFERIZ 1T E A EOEMITILE U CTFEIET D EANLRRH# RO —2>TH Y | D R{HE
B (fFRE) 13, BEORITAE D E L~ DY CEMEIZ K o TRl o = 3 L X — 1510 % 5
T 5, —J. ABESRO ARG & A 5 MR REERRET, 2 0 F DUV EVEENG 150F
DOFEZERCT 2 [EALRERE (BERTAE) ICRIH 4L, MRy OMARIZTH S5 5, 4. oryzae
T, BERBEBEFRET 07 7 A V& LT, fRFEREER RIS TN 7V 3 — R E O
TIZEBWTHEIEG L~V CIEFICEBEIT 5 Z LN BILH(9, 10), BlZiX, 2-KAFKT V&
UYL RART ) —)VE LB VRO R I B SOG A S b= ) T — B E o — R
DR T enod DERGFFEWRIL. A. oryzae DREMREFHBEER T CTH D o-7 I 7 — IR
T amyB \ZPCEL L, FIARIZE1T 54 mRNA EOD 3%Ww/w) % HH D EHEE SN TWAH (1), —
BT RGBSR AT D BER IR T O BRI, FFE DBRBEIZ W TR H 2 S5 B IS
DI HIRORBE R L B LT D7 DICHETH L EEZEZ LN TS, 2D, Rk L
7= & 9 2 fikE REE AL O FFAIEIC W THMET D 2 &1, FEBEPE IR T D 4. oryzae
DEBHIEO - OIEMMEE L TEETH S, $o, MERERER O o E—4
—X, BRI rE—F— L L TEY LEANHIAMED SV, B A.oryzae T, AH
By G DRGEEFECTNT T2 enod 7R E—X —DHRELRLLNTNA(2), BLEICH
N2 L RNEREEFER T OFBURIENC D DHFFEIT 4. oryzae (23617 2 REHHFRET D
BECHEAS T LY — VOBICEE CTh 5, L LN 5, ZOWGHIEOFEM 7251
BREICBE T D13 H £ 0 A TV, A EER TR, BEELEIRFRBIE#RO—D>T
& HHRERAAAS (TSSs) 125 B L7-fifHT 28 L C. Aspergillus J& 5% IR 7 OO R0 i S8 8 (5 1
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BT DGR O THED A2 R+ 5 Z L 2 E Lz,

BE—F B Aspergillus oryzae DT ) 7 —EBIn T DRBFKFHBROH S 0wt —F —
(AP) T X 2 BBl {EHE DR

W&

A. oryzae DFFEFEREEFBAR T OB T HIAEIEICE L TX, =/ 7 —B8IE T enod IZBW
TRANBED TS, ERAERE LT, BFEE0/CE, mEbICL 557 ABFIT —
% (2) & Expressed Sequence Tag (EST) 7 — # (13)D LL#%<° 5’ end Serial Analysis of Gene

)

Expression (5' SAGE) 7 —# (14)2>6., enod (212 50 TSSs (uTSS, dTSS) DAFEMN
EiL (Fig. 1AB) . ZA 5N T /L 21— RO FEEENME R R & HERRSE 0 FEREBEIE R R O E
IZEoTHEWSITEND Z ERHLNTENTWD, £, YHEED M, HEEHIZEY
FERRES R AR IE TIZI8IT 5 uTSS 126 D enod HELFHEIZIL. A. nidulans |23 THERTAEIZ L,
P FEFRIRE T OB D 5 & W SN TZERTA T AcuK & AcuM (15, 16)DF—Y
n 7 OGRS TV D, — RIS, BRERFOEWIZ X - THEWIT 51D TSSs %
Bl —4 — RN a2 E—4%— (AP) LM, EEAEMOIETEMICKIT HHE
FRERBINE D — 2 L LTHMBND(17), A oryzae D7) AHFIZB T, =/ T7—E%
O— R4 58 mF 1% enod —ODHTH Y (11, 18). AP ITIRFIFDEWIS LI ) T7—F
HEBREICBO TR CTEERMMETH L Z LN TFHEND, £/, AP OFEITHEEE
(2B W THEEPGIRE STV 2 23(19-24), bl RER RIS FI1231T 5 AP DIF(EIZ DOV TIE
WEFID 72 FOFEAE I BNCT 5 2 IFEFEBICE T 5 AP O F 2 (23 5
ETEETHD, AETIL, A oryzae D AP IZ L D enod SEEHITOFEA 728 28 & 4y 1-HHE
D & & BT, A oryzae DFFFERIFER B FREIZE T D AP DIFEIZ OV TR LTz,

MR ER

BAR T HBLHEIC 31T 5 — 72 AP OFSRE L LCid, DERBEZ(LIISE LT E D ¥ A
UL BORIE, 2)a— RENDZ T EO—RIEE ST HEAEMEDAIT, 3)5'UTR
@gﬁ%@ﬁk%ﬂﬂﬁﬁ<ﬁﬁﬁﬁﬁh%éﬂf%éﬂl%JmemAK%me\M’
ND 220 TSSs IZHIK T 2B G HEY C =2 — REEIROESNIEWDFRD B (Fig.
1B). 2)DREREITE 2 B, F£72. enod O AP 2B D 3)DOEEZMETT 5720, 29
D TSSs ICHKRT % 2 £ 0 5'UTR BLH A FHAELIZEH L 72 enod 7' v & — 2 — DiEME &5
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fili L7223, BpAA bbbl U CHEZRIEHEEITERD bivien o7z, L7 T, enod O AP
WZBWTIE DOWEOANEETHDH B2 Lz, £ 2 C 5 FEORER (v a— &,
TNT b=, ZUkr—L, FERE, =% ) —)V) {FEFICBT D enod O TSSs = &
WL G RE) B O BN A T 7o & T A BERFRIFAFAERIFIZI T 5 dTSS HIR DERE R
TV a— A5, FEREEER IR BIRAFIESAF ISR T 5 uTSS HROEREFHE I IFESIE T2
FmbIB< . SOV a—AKMHITEBIT S dTSS Bk OERGFHEIINRR AT ICBIT 5
uTSS H3ED H D L0 {582 EVRIB S 7= (Fig. 1B-E), LA EL D AP 2 X 255 |4
(X, #7225 RFBIROFIITIEE LT enod HELEOPFHICE G35 Z ENEZ bz,

AP | X A BEFRBEGAEOER AN D 20121, BT 2855 K 1 DOFHE 2 B & M
THZENEETHD, TIT, IO enod 70 E—H—NIZHEETDHV AT L AL RO
FEx B LT, A oryzae % &1 8ED Aspergillus JERIRE DT ) T —¥& (51 LS
% A= MEME fRHT(28) &1 T 72 2 A, 2 DO a B ZAFFICE 1, CE 2)8 L &
iz (Fig.2AB) . enod ® uTSS EFtICALES 2 CE_1 NIZiX, iR DR E R F AcuK/AcuM
DOHEEFEGETT— 7N EENTEY (Fig. 2A,B) . AcuK/AcuM (235 H L= & FEHAT 217>
TofER, AL 0 OB R DHERSIEIZIBT D enod BB 25 Z LD TORENT

(Fig.2C-F), —J. CE 2 ODRKRAZFRS CE 2 FANZEAfF R AERZEA LT 7 0 E—H
—IEM AT L2 2 A, I a— AL BWTHER T — 2 —JEHEOK T2 L
7-(Fig.2G,H), LA EX V| enod 7uE—4—DIL AT L A NMICE 1 &£ CE2WNIZEEN
DT ENIRBEENT,

enod @ uTSS 2MEFH X L HBED 5" UTR N TIE, 440 bp (2K SR K7RGEEN A > vk
LTATIA4 v 735 (Fig. 1B,D), ZDA v ha v ORI+ o7, A7 74
AEAZ BT DI RAER L 4 v b e U RREREZNENAT D enod 70 E—5 —
TEVEDRHM & LR — & —8 a1 DT REMRT 217 > 7= (Fig. 3A-D), ZOfEHR, A hr
YDAT T A TIIHERRICEB T D uTSS HRDEREFEY O IEH 2RI LETH D
ZEITIA, A v hu RS uTSS HSROER G REM &N L9 5 2 & D3R Sz,
EBIC, A v hrrRELE AcuK/AcuM FiiAEF — 7 BB ZMAF DT 0T — 4 —Di%
PEIIFERR S IC BV TIEE A TR L2 Z 0D (Fig. 3E), A > b VU EFl L AcuK/AcuM
\Z X D uTSS BRI EINIEN TN LTEEIC L 20 TH Y . 2 b OBEEIX
FERBR SR IC 51T D enod DBIRFHBUIME TH D Z L RB X b,

enoA (281 5 AP O—RMEIZET 2R 2G5 720, enod LS OFRNE RIS BIn FHE
BUITDH AP OFMEE EST 7 —4 & 5'SAGE 7 — 4, & b2V a— R E I IFRE 251
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21} % Rapid Amplification of 5’ cDNA Ends (5' RACE) fi#HTIZ IS TRt L7, filht &
PRI 11 ORFRBEIR L EALE VBN RX T T —BEEF pyed ITOW TR
ToER, TV R T —EBHBIET fhad & pycAd ([ZFT 2 DOBR7: TSSs O NGRS B,
W H 5" UTR NIZA > b DR R STz (Fig. 4A-C), fbad X, enod EFE{EIL
T IR FBPRDIENIAKAF L 72 TSSs Bl — 2 & R L (Fig. 4B) ., pycd O TSSs IR/ — 2
1% enod X° fbad & 133 DN %7~ L7 (Fig. 4C), MOBIETIZHBWTH, SUTRNA » h e
Y DFEREELD TSSs OFERANRBD HILD LONE EN TN, REFOENICL D
TSSs D 72T IXERD B 72 )y - 72(Fig. 4A), fbad O 7 v —4 — E|Zi%, uTSS |
TAFEIZ 120 AcuK/AcuM DFEEE T — 7 (dTSS O Lz 2 DD enod (2815 % CE_2
NOHEE S AT L A v MEFINZNENFEL TS (Fig. 5A), 2D OFEIHI~DEMLFE
BEFE AN fhad 7' 7 —Z —IGMEICRITT B E AR, 7V a— X i3
EERRIFITB N TENENDOBBNA TS fhad FBLEIENNZE -T2 Z & ARk 27 (Fig.
4B-E), LI EX V. AP 2L DHREHIHEITE COMBEREER BRI ET 2 L O TliEAn
HOD, enod FrFEM b O TIHRNWZ ERH LN E ST, £, fbad O AP |2 K HHET
HIHEI enod DL DO LFLI L7 TH D Z LB Z B,

FB_E EEHABSOLREENT N DERD Aspergillus BARIRE B DR RBER B TREOER
BRI T B AR

i

il

:hi?ﬁ%oﬁuiﬁﬁ%énfwéAw%me%%%m\%%%@@%ﬁ#gﬁ
FED—DLWVbILTEY . ZTOZHECDIRIEIZ B 2 57 FHEHE ORI 1T I LR RV R
D —>THDH(1,29), Aspergillus JERIREDZNENOREIL, ZH 6 NE{LATHER R FETE
OFFEIZB W TSN Z R Z e, EROFERO—B & L T—RIHEE T 0%
BRIEIZOWTRIZH T/ I 7 AFEITICEE D WIZHFFE 2 1 A T U 5 (18, 29),
Aspergillus J&IRE NIV TUE, [A— DRBIFFEIZXT L THZOELRENZZEZNRD IS,
Bl 21X, A oryzae D73 — ATk T HEHEE L AFHREIL, TETAKRKRETH D
Aspergillus nidulans <°7 T BRAEFERE T D Aspergillus niger \ZH_TEWIZ EREI LT
W5(18,29), T DIEWVITED D5 B OB, Aspergillus J& A HKEE DO — AR O AR
ZERT D72 T BERPEEICRBIT D Aspergillus BXRKREOREEFNMZZ 25 ETH
HETHDIN, T OFEMIBRITIIEAL TRV, — 5, AP ITEEAEYOIRGEFIZBIT S
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HERBREISSHE T H 528, By CIIRERNC BT DGR O 2 AP AR
T 5 ATREMEAMER STV 5 (30-33), Bl 21, B MO~ U RAEOHFLEATIXIZEAELTD
AR TR A FE O R AR B M O3B WL E T 5 AP 3FRD H L5 23(34), L Eo#Es
FAZIBWT AP ITEIT D TSSs AR 2 M CHRZ2 2 Z LA ME SN TNSH(33), L
L. BEFEETIIMMICEBT D AP O BT B AR HRE ST H6d . AP OV ER
DIRIZED P LR TERL TV D OBNBRTH D, AFETIE, MFSREREE T O
AP 28T 5 TSSs O HLHFEHTIC K 0 | Aspergillus &5 IRE RO AP 0 TSSs ff ikICBIT 5
SRRMEA R LT, 70, MHEREFR RIS FREICIIT D AP LD B L 4 TR st
ATz,

HREER

enoA O AP 3 Aspergillus J& AR E I THRIF SN TV D0 E S D ERFTT 5728 A. nidulans.,
VAR BE T DB (2 O & 4 5 BRI Aspergillus luchuensis (A. niger OMERKE) . Aspergillus
JE AR & UTkR 72 Penicillium JESRIREO—FE T D Penicillium chrysogenum O 3 FEIZF U
T, I a—AFETXEE (4 luchuensis DY EIET X ) —)V) HERFFT T 7—F#
{51 D 5'RACE T 21T o 72, Z OFER. 3 FEATIZIB W THIIRZ2 2 20 TSS (uTSS, dTSS)
& 5" UTR NOA > b a >y OFERRD LN, Fba—AREAMCE T 5 TSSs i
BT 4. oryzae Db O L 1T R D Z L3R &7 (Fig. 6A, A. luchuensis & P. chrysogenum
DT —ZITEWE) o A nidulans DT ) 7 —EBALF acuN [Z-OVNT, TSSs 12 L 55 pEY)
BEOREMEZFE L7z & A, BEERRBIAFAE NIZHBWTATSS L b uTSS DSBS
BN S TEY ., E5HIT 4. oryzae \IZB W TERD ST 70 20— R4 B 7 i F6 B
FHEMN A. nidulans TIXFRD Hi7en>7- (Fig. 6B-D), LA EX V| FEE CTH/ D AP @ TSSs
FEREN B FEIRFBIRGFMFICB T DEFEY RN Z — OV EEET 52 BB 6T,

A. oryzae & A.nidulans 1D 7 v 2 — A L BERERFESME TICBIT DGR N Z — & AP
D S5 2 MAFEN RT3 5 729, Cap Analysis Gene Expression(CAGE)/EQBSIZ LD KT >
AT VT h—=LT =2 ZRGL, IETEYE L TSSs IZBT 2 T 217> 70, — IR

(fihE, BEFTE. BB UG, TCA A 70, Rv b—R Y UEEEIEK) (ZBET 5 55
DA = ZIRBRICH D BB AN ONWT, 7 a— A L FHEEE#RSLME FICBT 585
By — 2% 2 MM CHE Lz & 2 A, A nidulans & HEEE LT A, oryzae \Z8\ T, fifthE
FREFRBAR TN 7V 23— ZAKMET R @BBT 23380 il (Fig. 7A-C, Tablel),
—J., T BEFICEWT, 2 TR S TSSs O A FE® Hiv, DN 5 511
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T ) T —BEET & AU RE R B T Th o7 (Table2), BLEDFERNS | A oryzae O
FH ) 72 fRHE R R B AR FRED 7 v 3 — AR RB T 2 & FBIUTIT, AP [ZBI1T 5 TSSs £
MR D SRR BET 2 2 L 3B 2 b,

A. oryzae D7)V 73— ARERFIT BT DM RIFERBIAFREOBRAOBERERTT D
72, A oryzae D7 V3 — ZEALEE L enod O dTSSs H 3k 0D i F8 HUASAE o BV 2 5~
2o £, A oryzae & A.nidulnas DE/DEEHITIT 53y FEHETOAEF &V La— &1L
FEMEZ LR LTc & 2 A, A oryzae \ZBWTE Y BWEFHE & 7L o — A{EEHERFRD
S, & BIT A oryzae TIX A. nidulans (23T R SR - T2 BT O —FFH) 72 pH X T
DEIZE STz (Fig. 8), LA EDOEALRHEIZIIT D enod WO BREMRGTTT H720, Yt
B ED enod 7o E—4%—% CE2 NHEEL AT LU AL MIAERBEA LY nE—4 —|CTE
$a9 2% Z & T enod IRFEEBL A. oryzae KA BUSF L, £ D 72— ZAGLFHEZ~T=, O
F. enod ERBRECIIAEBTHE L /L a—AWEEENME T2 L L bic, BRI
T HEERIE D pH AR T3 S e, PLEDRERN D A nidulans 121X R B 720 ATSS &
BB KT D 7 a— ATFIE T D enod 3 BUL. A. oryzae DFER\NEF & 7L
A= AEHRICEETH DL Z LR INT, SHIC, =/ 7 —BBIETD AP 21T 5 TSSs
AR OREMOZALN T v —F —FI DB LD EDNE S 5720
AR LD enod 7' v & — 4 —% A. nidulans O acuN 7' 12— % —|Z{&H#: L7= A. oryzae ¥ % {E
FUT, acuN 7'mE—F —BHMKIT, 7V a—R EEHBO MRS FICB 0 TEHARIO
A. oryzae Bk LRSS DAEE R L, WIRGEREMIEIZBIT 5 2 00 TSSs i ik & x5 FEY b <
B — AR L OBRE R ZZITB O b o T, LLEX Y | Aspergillus JBRIREIZIBIT 5
T ) 7 —BRIETD AP IZBIT D TSSs RO Z R IL, FICkIT 27 nEt—4 —fd
FIOEAL L IZ R DB L VR Z o722 LB 2 b,

i o

AHFGETIX, Aspergillus JEAIRENZ IS8T D MEFE RIS F ORI 7' 2 E—F— (AP) IZX
DB RN OV CTHRNT 24T o 72, BB CTlX, BAROEESERICHEE R EE A oryzae
IZBWTC, =/ 7 — BRI T enod DRFIRDOE WIS LI B EFEICEE & Bbhi

2 K DT IR O — SRR ST, £, FRROS TR TV KT —Eils T
fbad @ AP |2 X DERGHAENC STV D AIREMEDS R Shulc, 85 % ClL, Aspergillus J&5%
R O RREREG T ICB VT, AP @ TSSs i AR TR AR S Z L AVRIE S,
Z OED A oryzae DRI 7V o — A LRFIEICEE CH 5 At VR S, Lk
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DTSRI, A. oryzae O—WARBHNI1T 2 5 5HIE DR 2 BLAFE T~ 5 72 8 O FERER I
2725 & & BT, Aspergillus J& 5K RE OB T IBLHIEIZ 31T 2 LB I OV T—2 D%
LWHRZHTEL LD EEZ D,
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Fig. 1 enoA alternative TSS use depends on
carbon source.

a enoA 5' end clones obtained by 5’ SAGE.

b Schematic representation of two TSSs in
enoA and the primer binding sites used for
qRT-PCR analysis.

¢ uTSS or dTSS-derived enoAd transcript
levels depending on the carbon source.

d enoA RT-PCR analysis.

e Top panel: Northern blot analysis on 4.
oryzae enoA. Bottom panel: enoA transcript
level quantification. The enoA transcript
signal intensity was normalized to the 18S
rRNA signal. The amount of enod transcript
in glucose conditions was set to 1.0.

Fig. 2 Highly conserved sequences in enolase-
encoding gene promoters among Aspergilli

a Two highly conserved sequences within
enolase-encoding gene promoters in Aspergilli.
b Schematic representation of the CE 1 and
CE_2 positions in the 4. oryzae enoA promoter.
¢ The CE 1 sequence in the A. oryzae enod
promoter and mutations used for the GUS
reporter assay.

d enoA transcription levels in wild-type, Aacuk,
and AacuM strains in the presence of acetate. P-
values were calculated by unpaired Student’s z-
test. *: P <0.05 versus WT

e and f GUS activity of the transformants
(uidA)
constructs in glucose (e) or acetate (f) culture

harboring GUS gene expression
conditions. Values are the means of three
independent experiments. Error bars represent
the standard errors. P-values were calculated by
unpaired Student’s ¢-test. *: P < 0.05, **: P <
0.01 versus WT.

g The CE_2 sequence in the 4. oryzae enoA
promoter and mutations used for GUS reporter
assays.

h and i GUS activity of transformants harboring
GUS gene (uidA) expression constructs in
glucose (h) or acetate (i) culture conditions. P-
values were calculated by unpaired Student’s z-
test. *: P <0.05, **: P<0.01 versus WT.



Fig. 3 Functional analysis of 5 UTR

uTss diss B * 2
I_) I" GUS activity (Uimg protein) intron in enoA promoter
'm 0 2000 4000 6000 a Schematic representation of 5° UTR
= - ] intron i
1 " WT intron in the 4. oryzae enoA promoter and
SSM —
Intron sequencein 5' UTR: 5SS — mutations used for the GUS reporter assay.
WT  ATAGETCA . Ai )= Intron sequence is shown in blue. 5" and 3'
7 WV = G Confrol ) _ )
, splice sites of the intron sequence are
3'ssm ATAGGTGA............ GCCGCTCG Glucose .
represented in bold blue and the base
SO AHERTER s FORBETES ¢ substitution of mutations is shown in bold
Ai ATAGCTCG GUS activity (U/mg protein)  red.
g 102000 30N b and ¢ GUS activity of the transformants
WT | ——— . . .
= e harboring GUS gene (uidA) expression
Glucose Acetate 5 SSM |+« constructs in glucose (b) or acetate (c)
Al - culture conditions. uid4 was expressed by
o o
é& < e'.,J("‘ pr &l b"& ‘b&(‘-‘_ Contral . .
S e s Nootile the enoA promoter with or without
uidA [ - = [ mutations in the 5° UTR intron. P-values
- g were calculated by unpaired Student’s #-
:g’;‘“) “"‘“m_b- GUS activity(Uimg protein)  test. *: P < 0.05, **: P <0.01 versus WT.
T - —
e - o 1000 d Northern blot analysis on uidA.
C“"m e GUS activity of the transformants
———
Aj | harboring GUS gene (uid4) expression
Ai+Mut2 constructs in acetate culture condition. P-
Acetate values were calculated by Student’s #-test.
**: P <0.01.
A glucose c Fé
alkA, hxkA, ®
hxkB, hxkC, v ,L F 10
hxkD, hxkE T | a
glucose-5-phosphate ? 5§ B
} poia | 5
11 1 I o =
fructose-8-phosphate googogoaaagge L
mpat | prka, prke gIgZHRIREY =
fructose-1.6-bisphosphate Distance of 5’ ends from the start codon (nt)
: haA v gy o
dihydroxyacetons <—s glyceraldehyde-3-phosphate ek
phosphate  [piA, (/8 gpdA, gpds,
gpdc O —
1,3-bisphosphoglycerate -
} poka
3-phosphoglycerate 185 -57
i gpmA =276 a7
2-phosphoglycerate w
enoA i Intron e
phosphoenolpyruvate
pekat | praa : S . . ;
Fig. 4 TSS characterization in additional glycolytic and gluconeogenic genes in
oxalacetate «— pyruvate
PycA A. oryzae
a Classification of the TSS types in 4. oryzae glycolytic/gluconeogenic genes. Genes
B ; ¥ 2 thatpossess stringent alternative TSSs and 5 UTR intron are shown in red and genes
- 10 . . , . .
«  that possess ambiguous alternative TSSs and 5' UTR intron are shown in blue. Genes
5 ‘}é possessing one TSS are shown in black. Genes that were not tested are shown in grey.
| 1 2 . ’ H ’ :
L 0 E b and ¢ Top panel: The number of 5’ ends obtained by 5’ RACE in fbaA4(b) and pycA(c).
IIBBRARLY [=

The clones of 5’ ends obtained from samples in glucose and acetate culture conditions
are shown in blue and in red, respectively. White, black and hatched arrowheads
represent the uTSS, dTSS and an additional TSS within an intron in the 5" UTR,

! 1 fbaA respectively. Bottom panel: Schematic representation of 5’ end transcripts obtained by
Ink
- " emm— 5 RACE in fbaA(b) and pycA(c).
UTR CDs

318
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Fig. 5 Similar elements to the putative
cis-elements of enoA in A. oryzae

a Schematic representation of similar
elements (SE) to putative cis-elements of
enoA in the A. oryzae fbaA promoter and
mutations used for the GUS reporter assay.
SE sequence is shown in bold and
underlined. The base substitution of
mutations is shown in bold red.

b-e GUS activity of the transformants
harboring GUS gene (uidA) expression
constructs in glucose (b, d) or acetate (c, e)
culture  conditions. ~ P-values  were
calculated by unpaired Student’s t-test. **:

P <0.01 versus WT.

Fig. 6 Characterization of distinct TSS
usage in response to carbon source in A.
nidulans acuN

a Top panels: The number of acuN 5' ends
obtained by 5’ RACE. The 5’ end clones
obtained from samples in glucose and
acetate culture conditions are shown in
blue and in red, respectively. White and
black arrowheads represent the uTSS and
dTss,
Schematic
transcripts obtained by 5’ RACE.

b uTSS- or dTSS-derived acuN transcript
depending on the carbon source species.

respectively.  Bottom  panel:

representation of 5’ end

Primer sets were designed using the same
strategy as in Fig. 1B.

¢ Top panel: Northern blot analysis of 4.
nidulans acuN. Bottom panel: acuN
transcript level quantification. The acuN
transcript signal intensity was normalized
to the 18S rRNA signal. The amount of
acuN transcript in glucose conditions was
set to 1.0.

d Total transcript levels and the usage
pattern of alternative TSSs in A. oryzae
enoA (top panel) and A. nidulans acuN

(bottom panel) under glycolytic and gluconeogenic conditions. The ratio of total transcript level in enoA4 and acuN is same as Fig. 1E

and Fig. 6C, respectively. The ratio of each transcript derived from each TSSs in total eno4 and acuN transcripts was estimated from

the qRT-PCR results in Fig. 1B and Fig. 6B, respectively.
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Fig. 7 Differential analysis of ratio of transcript level (RTL) pattern between A.
oryzae and A. nidulans

a Crterion for diversificatior in gene expression. The ratio of transcript level under
glucose-condition to that under acetate-condition (RTL) was calculated in each target
gene in A. oryzae and A. nidulans. Then, ARTL was calculated by subtraction of RTL
in A. nidulans from RTL in A. oryzae as the cniterion for evaluating diversification in
transcriptional regulation pattern in glucose- and acetate-culture condition between A.
oryzae and A. nidulans. *CPM: Counts per million, a unit for expression level in
CAGE.

b Classification of orthologot s primary metabolic gene sets between 4. oryzae and A.
nidulnas based on ARTL. Highly expressing orthologous gene sets relevant to
glycolysis, gluconeogenesis, pyruvate catabolism, TCA cycle and pentose phosphate
pathway were selected and divided into three groups.

¢ ARTL profiles of genes encoding enzymes for glycolysis and gluconeogenesis
between A. oryzae and A. nidulans. Green, yellow, red in heat maps indicate low,
middle and high intensity in each values, respectively. Columns1, 2 and 3 represent
RTL in 4. oryzae, RTL in A. nidulans, and ARTL, respectively.
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Fig, 9 The effect of putative cis-element mutation in eno4 promoter on glucose assimilation

a Schematic representation of the replacement of native enoA4 promoter with the promoter harboring mCS3 shown in Fig. 2G. Position
of mCS3 mutation is shown in a red dot

b Growth on agar plates with glucose or acetate.

¢ uTSS or dTSS-derived enoA transcript levels depending on the carbon source.

d Left panel: Northern blot analysis on enoA. Right panel: Quantification of eno4 transcript levels. The enoA transcript signal intensity
was normalized to the 18S rRNA signal. The amount of enoA transcript in glucose conditions was set to 1.0. P-values were calculated
by unpaired Student’s z-test. **: P <0.01 versus WT.

e Dried mycelial weight (left), glucose concentration in culture (middle) and pH in culture (right) during batch cultivation in
submerged medium. Conidia (107) were cultivated in MM containing 2% glucose. 2% glucose or 2% sodium acetate.

321



Fig. 10 Replacement of enoA promoter with acuN promoter in A. oryzae

a Schematic representation of the replacement of native enoA4 promoter with the acuN promoter in A. oryzae

b Growth on agar plates with glucose or acetate.

¢ uTSS or dTSS-derived enoA transcript levels depending on the carbon source. Primer sets were designed using the same strategy as
in Fig. 1B.

d Left panel: Northern blot analysis on enoA. Right panel: Quantification of enoA4 transcript levels. The enoA transcript signal intensity
was normalized to the 18S rRNA signal. The amount of enoA transcript in glucose conditions in WT strain was set to 1.0.
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ARTL 21 ARTL<-1 -1<ARTL<1} Total
Glycolysis / Gluconeogenesis 12 (71, 67) 1(10, 6) 5 (16, 28) 18
Pyruvate catabolism 2 (12, 18) 3 (30, 27) 6 (19, 54) 11
TCA / Glyoxylate cycle 2 (12, 10) 4 (40, 19) 15 (47, 71) 21
Pentose phosphate pathway 1(6,11) 2 (20, 22) 6 (19, 67) 9
Total 17 (100, 29) 10 (100, 17)  32(100, 54) 59

Tablel. The number of orthologous gene set in each ARTL category The left and right number in

parentheses indicates the percentage ratio to the bottom and right total number, respectively. The

highest percentage ratios to the bottom and right total number are shown in red.

Putative TSSs CPM

CPM

M li h E 1D RTL ARTL
etabolic pathway Enzyme Gene Gene name number (Glucose) (Acetate)

AO090003000055 enoA 2 1942.0 276.9 2.81

Enolase 3.03
AN5746 acuN 2 1108.3 1290.5 -0.22
AO090003000725 fbaA 2 764.7 336.2 1.19

Aldolase 2.28
AN2875 fbaA 2 551.3 1181.2 -1.10
. Phospho  AO090003001390 pfkA 2 104.0 11.4 3.19

Glycolysis - 3.99
fructokinase 1 AN3223 pfkA 1 169.5 2939 -0.79

Phospho  AO090012000976 pfkZ 1 29.8 13.1 118 224

fructokinase 2 AN5144 pfkz 2 106.4 221.3 -1.06
Pyruvate ~ AO090005001556 pkiA 1 850.6 242 514 5.12
kinase AN5210 pkiA 2 304.7 300.6 0.02 '

Malate A0090701000013 mdhA 2 239.4 12215 -2.35

TCA cycle -1.84
dehydrogenase AN6499 mdhC 2 1179.4 1681.5 -0.51
AO090023000801 cA 2 676.1 1488.6 -1.14

Pyruvate catabolism Pyruvate Py -0.951
carboxylase AN4462 pycA 2 392.4 446.9 -0.19

Table2. The list of orthologous gene set that shows different TSSs usage between A. oryzae and

A. nidulans The number began with AO and AN shows 4. oryzae Gene ID and A. nidulnas Gene 1D,

respectively.
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