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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. 
c uTSS or dTSS-derived enoA transcript 
levels depending on the carbon source.
d enoA RT-PCR analysis. 
e Top panel: Northern blot analysis on A. 
oryzae enoA. Bottom panel: enoA transcript 
level quantification. 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.

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 A. oryzae enoA promoter. 
c The CE_1 sequence in the A. oryzae enoA 
promoter and mutations used for the GUS 
reporter assay. 
d enoA transcription levels in wild-type, ΔacuK, 
and ΔacuM strains in the presence of acetate. P-
values were calculated by unpaired Student’s t-
test. *: P < 0.05 versus WT
e and f GUS activity of the transformants 
harboring GUS gene (uidA) expression 
constructs in glucose (e) or acetate (f) culture 
conditions. Values are the means of three 
independent experiments. Error bars represent 
the standard errors. P-values were calculated by 
unpaired Student’s t-test. *: P < 0.05, **: P < 
0.01 versus WT.
g The CE_2 sequence in the A. 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 t-
test. *: P < 0.05, **: P < 0.01 versus WT.
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Fig. 3 Functional analysis of 5′ UTR 
intron in enoA promoter
a Schematic representation of 5’ UTR 
intron in the A. oryzae enoA promoter and 
mutations used for the GUS reporter assay. 
Intron sequence is shown in blue. 5′ and 3′ 
splice sites of the intron sequence are 
represented in bold blue and the base 
substitution of mutations is shown in bold 
red.  
b and c GUS activity of the transformants 
harboring GUS gene (uidA) expression 
constructs in glucose (b) or acetate (c) 
culture conditions. uidA was expressed by 
the enoA promoter with or without 
mutations in the 5’ UTR intron. P-values 
were calculated by unpaired Student’s t-
test. *: P < 0.05, **: P < 0.01 versus WT.
d Northern blot analysis on uidA. 
e GUS activity of the transformants 
harboring GUS gene (uidA) expression 
constructs in acetate culture condition. P-
values were calculated by Student’s t-test. 
**: P < 0.01.

Fig. 4 TSS characterization in additional glycolytic and gluconeogenic genes in
A. oryzae
a Classification of the TSS types in A. oryzae glycolytic/gluconeogenic genes. Genes
that possess stringent alternative TSSs and 5′ UTR intron are shown in red and genes
that possess ambiguous alternative TSSs and 5′ UTR intron are shown in blue. Genes
possessing one TSS are shown in black. Genes that were not tested are shown in grey.
b and c Top panel: The number of 5′ ends obtained by 5′ RACE in fbaA(b) and pycA(c). 
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, 
respectively. Bottom panel: Schematic representation of 5′ end transcripts obtained by 
5′ RACE in fbaA(b) and pycA(c)..
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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, respectively. Bottom panel: 
Schematic representation of 5′ end 
transcripts obtained by 5′ RACE. 
b uTSS- or dTSS-derived acuN transcript 
depending on the carbon source species. 
Primer sets were designed using the same 
strategy as in Fig. 1B. 
c Top panel: Northern blot analysis of A. 
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 enoA and acuN is same as Fig. 1E 
and Fig. 6C, respectively. The ratio of each transcript derived from each TSSs in total enoA and acuN transcripts was estimated from 
the qRT-PCR results in Fig. 1B and Fig. 6B, respectively.

319





Fig, 9 The effect of putative cis-element mutation in enoA promoter on glucose assimilation
a Schematic representation of the replacement of native enoA 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.
c uTSS or dTSS-derived enoA transcript levels depending on the carbon source.
d Left panel: Northern blot analysis on enoA. Right panel: Quantification of enoA 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 t-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. 
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Fig. 10 Replacement of enoA promoter with acuN promoter in A. oryzae
a Schematic representation of the replacement of native enoA promoter with the acuN promoter in A. oryzae 
b Growth on agar plates with glucose or acetate. 
c 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 enoA 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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Table1. The number of orthologous gene set in each ΔRTL 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.

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 A. oryzae Gene ID and A. nidulnas Gene ID, 

respectively. 

 

ΔRTL 1 ΔRTL  -1 -1 < ΔRTL < 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

Metabolic pathway Enzyme Gene ID Gene name Putative TSSs
number

CPM
(Glucose)

CPM
(Acetate) RTL ΔRTL

AO090003000055 enoA 2 1942.0 276.9 2.81
AN5746 acuN 2 1108.3 1290.5 -0.22

AO090003000725 fbaA 2 764.7 336.2 1.19
AN2875 fbaA 2 551.3 1181.2 -1.10

AO090003001390 pfkA 2 104.0 11.4 3.19
AN3223 pfkA 1 169.5 293.9 -0.79

AO090012000976 pfkZ 1 29.8 13.1 1.18
AN5144 pfkZ 2 106.4 221.3 -1.06

AO090005001556 pkiA 1 850.6 24.2 5.14
AN5210 pkiA 2 304.7 300.6 0.02

AO090701000013 mdhA 2 239.4 1221.5 -2.35
AN6499 mdhC 2 1179.4 1681.5 -0.51

AO090023000801 pycA 2 676.1 1488.6 -1.14
AN4462 pycA 2 392.4 446.9 -0.19

-1.84

-0.951

TCA cycle

Pyruvate catabolism

3.03

2.28

3.99

2.24

5.12

Malate
dehydrogenase

Pyruvate
carboxylase

Enolase

Aldolase

Phospho
fructokinase 1

Phospho
fructokinase 2

Pyruvate
kinase

Glycolysis
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