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Figure EV1. Optimization of the extracellular acidification rate (ECAR) assay.

(A) A standard curve of the absorbance at 560 nm generated from media between pH 6.5 and 7.5. (B) Optimization assay using S. cerevisiae showing that the control with
no carbon source (noC) did not acidify the media, whereas the cells with 2% glucose added (dex) consistently acidified the media across six biological replicates. (C) The
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represent the interquartile range, the whiskers represent the spread of the data, and each dot represents one of six biological replicates.
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Figure EV2. Comparison of ECAR and parameters associated with the Crabtree/Warburg effect.

The measured ECAR values were correlated with the parameters associated with ECAR collected by (Hagman et al, 2013). The R and P values are based on Pearson’s
correlations. Each dot represents a single species and is colored according to the taxonomic order of that species.
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Figure EV3. The gene family size of glycolytic genes correlates with ECAR across all yeasts.

(A–C) The correlation between ECAR and the number of homologs of each glycolytic gene showing the Pearson’s correlation and P value for (A) all phenotyped yeasts, (B)
the yeasts in the order Saccharomycetales, and (C) the yeasts in the order Pichiales. (D–F) The phylogenetically corrected correlations between ECAR and the number of
homologs of each glycolytic gene for (D) all phenotyped yeasts, (E) the yeasts in the order Saccharomycetales, and (F) the yeasts in the order Pichiales. The R value from
the phylogenetic generalized least squares is in the box and the P value is indicated as *P < 0.05 and **P < 0.01. Data points are color-coded according to taxonomic order
as in Fig. 1.

The EMBO Journal Linda C Horianopoulos et al

20 The EMBO Journal © The Author(s)



pyruvate

oxaloacetate

acetyl-coA

citrate

cis-aconitate

D-threo-isocitrate

ATP

CIT

ACO

ACO

ICL

IDH

KDG/LPDLSC

SDH

MUF MUF

MDH/MAE

HCO3-

alpha-ketoglutarate

succinyl-CoA

succinate

glyoxlate

fumarate

malate

PYC

TCA cycle

Glyoxylate shunt

PDA1 PDB1

LPD1PDX1

PDH complex

MLS

acetyl-coA

Figure EV4. Divergent expression patterns of TCA cycle genes between rapid ECAR and low ECAR Saturnispora species.

The gene expression for orthologous genes in the TCA cycle and glyoxylate shunt across two rapid ECAR (Sat. dispora Sdis, Sat. hagleri Shag) and two low ECAR (Sat.
mendoncae Smen, Sat. silvae Ssil) are shown as transcripts per million (TPM). The bar height represents the average of four biological replicates: each replicate is shown as
a black dot, and the error bars represent the standard error of the mean. The significance is relative to the TPM in Sat. dispora (ns not significant). In the schematic of
glycolysis, carbon backbones are white.

Linda C Horianopoulos et al The EMBO Journal

© The Author(s) The EMBO Journal 21



yHMPu5000040941 metschnikowia lochheadii 201018 g003474.m1

yHMPu5000040951 metschnikowia ipomoeae 201018 g004743.m1
yHMPu5000040943 metschnikowia continentalis 201018 g004101.m1

yHMPu5000040954 metschnikowia cerradonensis 201018 g006313.m1

yHMPu5000040795 metschnikowia matae 201018 g005587.m1

yHMPu5000040940 metschnikowia matae 201018 g007156.m1

yHMPu5000040956 metschnikowia borealis 201018 g002508.m1

metschnikowia hawaiiensis g001932.m1

yHMPu5000040948 metschnikowia hamakuensis 201018 g005074.m1

metschnikowia kamakouana g002751.m1

yHMPu5000040945 metschnikowia dekortorum 201018 g000004.m1

yHMPu5000040955 metschnikowia bowlesiae 201018 g002360.m1

metschnikowia similis g002908.m1

metschnikowia arizonensis g005649.m1

yHMPu5000040935 metschnikowia shivogae 201018 g005001.m1

yHMPu5000040950 metschnikowia hibisci 200128 g004841.m1

yHMPu5000040959 metschnikowia aberdeeniae 201018 g004095.m1

metschnikowia drakensbergensis g003004.m1

yHMPu5000040937 metschnikowia proteae 201018 g004178.m1

yHMPu5000040953 metschnikowia kipukae 201018 g003933.m1

yHMPu5000041743 candida hawaiiana 170307 g000888.m1

yHMPu5000041840 candida wancherniae 160928 g001787.m1

yHMPu5000034987 candida intermedia 160519 g005817.m1

yHMPu5000034988 candida fructus 160519 g004353.m1

yHMPu5000035335 candida blattae 160928 g003415.m1

yHMPu5000034986 candida oregonensis 160519 g001980.m1

yHMPu5000034592 metschnikowia bicuspidata var bicuspidata 180604 g000171.m1 1m.288300g703071iivebulogadidnac2681400005uPMHy

yHMPu5000035707 candida heveicola 160519 g002872.m1

yHMPu5000034990 Candida corydali S
PADES g002773.m1

yHMPu5000035005 lodderomyces elongisporus 160519.haplomerger2 g004526.m1

yH
MPu5000035318 hyphopich

ia heimii 1
80604 g003707.m1

yH
MPu5000035679 ca

ndida rh
agii 1

60613 g000526.m1

yH
MPu5000035681 ca

ndida gotoi 160519 g003308.m1

yH
MPu5000035682 hyphopich

ia burto
nii 1

60613 g001056.m
1

yH
MPu5000034973 danielozym

a ontario
ensis

 160519 g004222.m
1

yH
MPu5000035316 ca

ndida homilentoma 180604 g005321.m
1

yH
MPu5000035662 m

eye
rozym

a ca
rib

bica
 160613 g001023.m

1

yH
MPu5

00
00

35
66

4 c
an

did
a c

arp
op

hil
a 1

60
61

3 g
00

47
12

.m
1

yH
MPu5

00
00

34
63

2 c
an

did
a a

the
ns

en
sis

 18
06

04
 g0

01
12

3.m
1

yH
MPu5

00
00

35
29

7 p
ric

eo
myc

es
 ca

sti
lla

e 1
70

30
7 g

00
33

62
.m

1

yH
MPu5

00
00

35
66

0 p
ric

eo
myc

es
 ha

plo
ph

ilu
s 1

60
61

3 g
00

27
96

.m
1

yH
MPu5

00
00

34
60

6 p
ric

eo
myc

es
 m

ed
ius

 18
06

04
 g0

03
93

2.m
1

yH
MPu5

00
00

35
29

6 p
ric

eo
myc

es
 ca

rso
nii

 16
09

28
 g0

04
37

1.m
1

sp
ath

as
po

ra
 gi

rio
i g

00
10

68
.m

1

yH
MPu5

00
00

34
61

7 s
pa

tha
sp

or
a p

as
sa

lid
ar

um
 17

07
13

 g0
01

53
4.m

1

sp
ath

as
po

ra
 ar

bo
ra

ria
e g

00
20

66
.m

1

ca
nd

ida
 so

jae
 g0

02
78

8.m
1

yH
MPu

50
00

03
50

31
 C

an
did

a 
kru

isi
i S

PA
DES

 g
00

43
23

.m
1

yH
M

Pu
50

00
03

50
33

 ca
nd

ida
 cr

et
en

sis
 1

60
51

9 
g0

00
90

0.
m

1

yH
M

Pu
50

00
03

50
32

 ca
nd

ida
 g

at
un

en
sis

 1
60

51
9 

g0
00

01
1.

m
1

sc
he

ffe
rs

om
yc

es
 st

ipi
tis

 g
00

53
01

.m
1

yH
M

Pu
50

00
03

81
06

 ca
nd

ida
 lig

no
sa

 1
70

91
2 

g0
05

62
2.

m
1

yH
M

Pu
50

00
03

50
10

 ca
nd

ida
 ta

nz
aw

ae
ns

is 
19

09
24

 g
00

48
70

.m
1

yH
M

Pu
50

00
03

50
18

 c
an

di
da

 c
an

be
rra

en
sis

 1
60

51
9 

g0
02

79
8.

m
1

yH
M

Pu
50

00
03

50
22

 c
an

di
da

 e
m

be
ro

ru
m

 1
60

51
9 

g0
04

43
2.

m
1

yH
M

Pu
50

00
03

50
11

 c
an

di
da

 p
yr

al
id

ae
 1

60
51

9 
g0

04
71

8.
m

1

1
m.749200g

915061
eagnitser

adidnac
8464300005uP

MHy
yH

M
Pu

50
00

03
56

77
 k

od
am

ae
a 

oh
m

er
i 1

60
51

9 
g0

03
24

9.
m

1

yH
M

Pu
50

00
03

46
65

 k
od

am
ae

a 
la

et
ip

or
i 1

80
60

4 
g0

02
36

4.
m

1

yH
M

Pu
50

00
04

16
78

 d
eb

ar
yo

m
yc

es
 p

ro
so

pi
di

s 
17

03
07

 g
00

17
03

.m
1

yH
M

Pu
50

00
04

18
29

 d
eb

ar
yo

m
yc

es
 fa

br
yi

 1
80

60
4 

g0
02

14
5.

m
1

yH
M

Pu
50

00
04

18
24

 d
eb

ar
yo

m
yc

es
 s

ub
gl

ob
os

us
 1

60
92

8 
g0

01
48

7.
m

1

yH
M

Pu
50

00
03

46
59

 d
eb

ar
yo

m
yc

es
 h

an
se

ni
i 1

80
60

4 
g0

00
57

3.
m

1

yH
M

Pu
50

00
04

16
93

 d
eb

ar
yo

m
yc

es
 n

ep
al

en
si

s 
17

03
07

 g
00

19
65

.m
1

yH
M

Pu
50

00
04

17
13

 d
eb

ar
yo

m
yc

es
 m

ar
am

us
 1

70
30

7 
g0

05
69

1.
m

1

yH
M

Pu
50

00
04

18
55

 c
an

di
da

 a
sc

al
ap

hi
da

ru
m

 1
70

30
7 

g0
01

91
9.

m
1

yH
M

Pu
50

00
03

53
02

 c
an

di
da

 fr
ag

i 1
80

60
4 

g0
05

02
8.

m
1

yH
M

Pu
50

00
03

56
67

 k
ur

tz
m

an
ie

lla
 c

le
rid

ar
um

 1
80

60
4 

g0
02

27
7.

m
1

yH
M

Pu
50

00
03

46
43

 C
an

di
da

 s
ch

at
av

ii 
SP

Ad
es

 g
00

07
37

.m
1

yH
M

Pu
50

00
03

45
79

 w
ic

ke
rh

am
ia

 fl
uo

re
sc

en
s 

18
06

04
 g

00
46

22
.m

1

yH
M

Pu
50

00
03

52
52

 y
am

ad
az

ym
a 

na
ka

za
w

ae
 1

70
30

7 
g0

05
07

7.
m

1

yH
M

Pu
50

00
03

56
40

 y
am

ad
az

ym
a 

ph
ilo

ga
ea

 1
60

51
9 

g0
02

74
2.

m
1

yH
M

Pu
50

00
04

18
33

 c
an

di
da

 ta
m

m
an

ie
ns

is
 1

70
30

7 
g0

00
37

2.
m

1

yH
M

Pu
50

00
04

18
63

 c
an

di
da

 g
or

ga
si

i 1
60

92
8 

g0
03

12
3.

m
1

yH
M

Pu
50

00
04

18
36

 c
an

di
da

 te
nu

is
 1

60
92

8 
g0

00
76

9.
m

1

yH
M

Pu
50

00
03

49
98

 c
ep

ha
lo

as
cu

s 
al

bi
du

s 
16

05
19

.h
ap

lo
m

er
ge

r2
 g

00
31

88
.m

1
yH

M
P

u5
00

00
34

99
9 

ce
ph

al
oa

sc
us

 fr
ag

ra
ns

 1
60

51
9 

g0
03

71
6.

m
1

yH
M

P
u5

00
00

35
04

3 
ba

bj
ev

ie
lla

 in
os

ito
vo

ra
 1

80
60

4 
g0

05
50

6.
m

1

1
m.442400g

406081iinesnah
secy

moyrabed
9564300005u

P
M

Hy

1
m.044300g

703071
sidiposorp

secy
moyrabed

8761400005u
P

M
Hy

1
m.934300g

703071
sidiposorp

secy
moyrabed

8761400005u
P

M
Hy

1
m.

68
23

00
g

82
90

61
su

so
bo

lg
bu

s
se

cy
mo

yr
ab

ed
42

81
40

00
05

u
P

M
Hy

1
m.

41
65

00
g

40
60

81
iy

rb
af

se
cy

mo
yr

ab
ed

92
81

40
00

05
u

P
M

Hy

1
m.

31
65

00
g

40
60

81
iy

rb
af

se
cy

mo
yr

ab
ed

92
81

40
00

05
u

P
M

Hy

1
m.

61
61

00
g

31
60

61
ii

ga
hr

ad
id

na
c

97
65

30
00

05
u

P
M

Hy
yH

M
P

u5000041693 debaryom
yces nepalensis 170307 g002309.m

1
yH

M
Pu5000035641 yam

adazym
a scolyti 160613 g003538.m

1
yH

M
Pu5000041836 candida tenuis 160928 g002479.m

1
yH

M
Pu5000041863 candida gorgasii 160928 g003473.m

1

yH
M

Pu5000035031 C
andida kruisii SPAD

ES g002266.m
1

yH
M

Pu5000035033 candida cretensis 160519 g004111.m
1

yH
M

Pu5000034902 ogataea m
inuta 160519 g001805.m

1

yH
M

Pu5000034904 O
gataea nonferm

entans SPAD
ES g002440.m

1

yH
M

Pu5000034899 ogataea kodam
ae 160519 g005364.m

1

yH
M

Pu5000034885 ogataea zsoltii 160519 g004060.m
1

yH
M

Pu5000034637 ogataea populiabae 180604 g001652.m
1

yH
M

Pu5000034887 ogataea trehaloabstinens 160519 g001057.m
1

yH
M

Pu5000034637 ogataea populiabae 180604 g001653.m
1

yH
M

Pu5000035268 w
ickerham

om
yces ham

pshirensis 160928 g005294.m
1

yH
M

Pu5000041855 candida ascalaphidarum
 170307 g001819.m

1

yH
M

Pu5000041824 debaryom
yces subglobosus 160928 g002012.m

1

yH
M

Pu5000035252 yam
adazym

a nakazaw
ae 170307 g003622.m

1

yHM
Pu5000035640 yam

adazym
a philogaea 160519 g002436.m

1

yHM
Pu5000041836 candida tenuis 160928 g004754.m

1

yHM
Pu5000041833 candida tam

m
aniensis 170307 g001465.m

1

yHM
Pu5000041678 debaryom

yces prosopidis 170307 g001234.m
1

yHM
Pu5000041829 debaryom

yces fabryi 180604 g006075.m
1

yHM
Pu5000034659 debaryom

yces hansenii 180604 g004096.m
1

yHM
Pu5000041824 debaryom

yces subglobosus 160928 g004998.m
1

yHM
Pu5000041693 debaryom

yces nepalensis 170307 g005950.m
1

yHM
Pu5000041713 debaryom

yces m
aram

us 170307 g001265.m
1

yHM
Pu5000035297 priceom

yces castillae 170307 g003686.m
1

yHM
Pu5000035660 priceom

yces haplophilus 160613 g002280.m
1

yHM
Pu5000034606 priceom

yces m
edius 180604 g004690.m

1

yHM
Pu5000035296 priceom

yces carsonii 160928 g003301.m
1

yHMPu5000035252 yamadazyma nakazawae 170307 g002274.m1

yHMPu5000035640 yamadazyma philogaea 160519 g002104.m1

yHMPu5000035641 yamadazyma scolyti 160613 g000291.m1

yHMPu5000041836 candida tenuis 160928 g002741.m1

yHMPu5000041833 candida tammaniensis 170307 g002287.m1

yHMPu5000041863 candida gorgasii 160928 g000278.m1

scheffersomyces stipitis g004062.m1

yHMPu5000034933 kuraishia molischiana 160519 g001622.m1

yHMPu5000034937 kuraishia capsulata 160519 g003621.m1

yHMPu5000026142 citeromyces matritensis 160519.haplomerger2 g004398.m1

yHMPu5000034950 citeromyces hawaiiensis 170307.haplomerger2 g003954.m1

yHMPu5000034610 saturnispora hagleri 160519 g002022.m1

yHMPu5000034613 saturnispora serradocipensis 180604 g003816.m1

1m.967400g915061aropsidaropsinrutas9565300005uPMHy
yHMPu5000034615 saturnispora zaruensis 160519 g002764.m1

yHMPu5000034612 saturnispora saitoi 180604 g004348.m1

yHMPu5000034611 saturnispora mendoncae 160519.haplomerger2 g004769.m1

yHMPu5000034614 saturnispora silvae 180604 g003896.m1

yHMPu5000034631 martiniozyma abiesophila 170307.haplomerger2 g004430.m1

yHMPu5000034624 pichia nakasei 180604 g000851.m1

yHMPu5000034627 pichia heedii 180604 g005406.m1

yHMPu5000034623 pichia norvegensis 160519.haplomerger2 g004316.m1

1m.084400g406081augix
eaihci

p9264300005uPMHy

yHMPu5000034622 pichia occidentalis 160519.haplomerger2 g003072.m1

1m.461300g915061sneic
afinarbmemaihci

p1665300005uPMHy

yHMPu5000035301 pichia terricola 170307 g003392.m1

1m.929400g2regremolpah.406081asolyxobrosadidnac2887300005uPMHy

yHMPu5000035674 kregervanrija delftensis 160613 g004321.m1

yHMPu5000035675 kregervanrija fluxuum 160613 g004841.m1

yHMPu5000026137 ambrosiozyma ambrosiae 160519 g002492.m1

yHMPu5000034947 ambrosiozyma philentoma 160519 g004305.m1

yHMPu5000034946 ambrosiozyma oregonensis 160519 g003706.m1

yHMPu5000026145 ambrosiozyma vanderkliftii 160519 g004749.m1

yHMPu5000035041 ambrosiozyma pseudovanderkliftii 160519 g004951.m1

yHMPu5000026279 Ambrosiozyma monospora SPADES g002516.m1

yHMPu5000035038 ambrosiozyma kashinagacola 160519 g005151.m1

yHMPu5000035040 ambrosiozyma maleeae 160519 g003201.m1

brettanomyces anomalus g003911.m1

yHMPu5000034975 dekkera bruxellensis 160519.haplomerger2 g003434.m1

1m.306000g915061sunaisretsucsecymonatterb7916200005uPMHy

ogataea parapolymorpha g001733.m1

yHMPu5000041802 ogataea polymorpha 180604 g000761.m1

yHMPu5000034893 ogataea philodendra 160519 g002559.m1

yHMPu5000034899 ogataea kodamae 160519 g001167.m1

yHMPu5000034902 ogataea minuta 160519 g004571.m1

yHMPu5000034904 Ogataea nonfermentans SPADES g002935.m1

yHMPu5000026124 ogataea henricii 160519 g002433.m1

yHMPu5000034891 ogataea pini 160519 g004506.m1

yHMPu5000034897 Ogataea glucozyma SPAdes g000247.m1
yHMPu5000034885 ogataea zsoltii 160519 g004611.m1

yHMPu5000034637 ogataea populiabae 180604 g002995.m1
yHMPu5000034887 ogataea trehaloabstinens 160519 g000871.m1

yHMPu5000034636 ogataea nitratoaversa 180604 g002462.m1
yHMPu5000034892 ogataea pilisensis 160519 g000780.m1

yHMPu5000034886 ogataea trehalophila 160519 g000308.m1yHMPu5000034900 ogataea methanolica 160519 g001660.m1

yHMPu5000034925 candida arabinofermentans 160519 g002553.m1

yHMPu5000034926 candida boidinii 160519 g001670.m1

yHMPu5000034890 ogataea ramenticola 160519 g002586.m1

yHMPu5000034906 candida succiphila 160519 g004954.m1

yHMPu5000034903 ogataea naganishii 160519 g004742.m1

yHMPu5000034901 Ogataea methylivora SPADES g002423.m1yHMPu5000034933 kuraishia molischiana 160519 g000574.m1

yHMPu5000034937 kuraishia capsulata 160519 g000727.m1

yHMPu5000034932 kuraishia ogatae 160519 g003104.m1

yHMPu5000026274 komagataella populi 160519 g003542.m1

yHMPu5000034939 komagataella pseudopastoris 160519 g002602.m1

komagataella phaffi g001519.m1

komagataella pastoris g004210.m1

yHMPu5000034918 nakazawaea holstii 160519 g003272.m1

yHMPu5000034921 nakazawaea peltata 160519 g003126.m1

yHMPu5000035669 pachysolen tannophilus 160613 g004886.m1

yHMPu5000034883 peterozyma xylosa 160519 g000489.m1

yHMPu5000034884 peterozyma toletana 160519 g001933.m1

1m.574300g2regremolpah.406081iinidajarendnilrebyc6335300005uPMHy
yHMPu5000035336 cyberlindnera jadinii 180604.haplomerger2 g007614.m1

yHMPu5000035336 cyberlin
dnera jadinii 180604.haplomerger2 g004403.m1

yHMPu5000035690 candida vartio
vaarae 160613 g003041.m1

yHMPu5000034979 cyberlin
dnera misumaiensis 160519 g003009.m1

yH
MPu5000035699 cy

berlin
dnera maclu

rae 160613 g003631.m1

yH
MPu5000034978 cy

berlin
dnera mrakii 

160519 g003966.m1

yH
MPu5000035687 cy

berlin
dnera su

aveolens 1
60613 g003662.m1

yH
MPu5000035686 Cyberlin

dnera sa
turnus S

PADES g003233.m
1

yH
MPu5000035325 cy

berlin
dnera peterso

nii 1
80604 g00111

9.m
1

yH
MPu5000035703 cy

berlin
dnera americ

ana 160613 g003204.m
1

yH
MPu5000035689 ca

ndida m
yce

tangii 1
60613 g004876.m

1

yH
MPu5

00
00

35
68

8 C
yb

erl
ind

ne
ra 

xyl
os

ilyt
ica

 SPADES g0
05

62
5.m

1

yH
MPu5

00
00

35
70

1 c
yb

erl
ind

ne
ra 

fab
ian

ii 1
60

51
9 g

00
49

04
.m

1

yH
MPu5

00
00

34
96

7 c
an

did
a f

rey
sc

hu
ss

ii 1
60

51
9 g

00
01

73
.m

1

yH
MPu5

00
00

35
26

8 w
ick

erh
am

om
yc

es
 ha

mps
hir

en
sis

 16
09

28
 g0

03
58

5.m
1

yH
M

Pu
50

00
03

56
70

 p
ha

ffo
m

yc
es

 o
pu

nt
iae

 1
60

61
3 

g0
06

06
3.

m
1

yH
M

Pu
50

00
03

56
71

 p
ha

ffo
m

yc
es

 a
nt

ille
ns

is 
16

06
13

 g
00

25
49

.m
1

yH
MPu

50
00

03
56

72
 ph

aff
om

yc
es

 th
er

moto
ler

an
s 1

60
61

3 g
00

35
70

.m
1

yH
MPu

50
00

03
56

73
 ca

nd
ida

 or
ba

 16
06

13
 g0

02
83

5.m
1

yH
M

Pu
50

00
03

50
37

 ca
nd

ida
 m

on
ta

na
 1

60
51

9 
g0

03
54

2.
m

1

yH
MPu5

00
00

35
04

4 b
arn

ett
oz

ym
a c

ali
for

nic
a 1

60
51

9 g
00

58
57

.m
1

yH
MPu5

00
00

35
04

6 b
arn

ett
oz

ym
a p

op
uli

 16
06

13
 g0

04
35

0.m
1

yH
MPu5

00
00

35
04

5 b
arn

ett
oz

ym
a h

aw
aii

en
sis

 16
06

13
 g0

01
43

8.m
1

yH
MPu5

00
00

35
04

7 b
ar

ne
tto

zy
ma p

ra
ten

sis
 16

05
19

 g0
00

48
0.m

1

yH
MPu5

00
00

35
04

8 B
ar

ne
tto

zy
ma s

ali
ca

ria
 S

PA
DES g0

04
55

0.m
1

yH
M

Pu
50

00
03

52
71

 w
ick

er
ha

m
om

yc
es

 b
ov

is 
16

09
28

 g
00

23
66

.m
1

yH
M

Pu
50

00
03

52
86

 ca
nd

ida
 a

zy
m

a 
17

03
07

 g
00

05
58

.m
1

yH
M

Pu
50

00
03

56
39

 w
ick

er
ha

m
om

yc
es

 c
an

ad
en

sis
 1

60
61

3 
g0

04
22

6.
m

1

yH
M

Pu
50

00
03

52
74

 w
ick

er
ha

m
om

yc
es

 a
ln

i 1
70

30
7 

g0
04

08
4.

m
1

yH
M

Pu
50

00
03

52
69

 w
ick

er
ha

m
om

yc
es

 c
ife

rri
i 1

70
30

7 
g0

13
62

6.
m

1

yH
M

Pu
50

00
03

52
69

 w
ick

er
ha

m
om

yc
es

 c
ife

rri
i 1

70
30

7 
g0

02
67

3.
m

1

yH
M

Pu
50

00
03

52
73

 w
ick

er
ha

m
om

yc
es

 a
no

m
al

us
 1

80
60

4.
ha

pl
om

er
ge

r2
 g

00
37

23
.m

1

yH
M

Pu
50

00
03

52
73

 w
ick

er
ha

m
om

yc
es

 a
no

m
al

us
 1

80
60

4.
ha

pl
om

er
ge

r2
 g

00
46

55
.m

1

yH
M

Pu
50

00
03

45
97

 c
an

di
da

 s
te

llim
al

ico
la

 1
80

60
4 

g0
02

62
4.

m
1

yH
M

Pu
50

00
03

56
58

 s
ta

rm
er

a 
am

et
hi

on
in

a 
16

06
13

.h
ap

lo
m

er
ge

r2
 g

00
42

89
.m

1

yH
M

Pu
50

00
03

45
94

 S
ta

rm
er

a 
qu

er
cu

um
 p

31
 S

PA
D

ES
 g

00
09

60
.m

1

yH
M

Pu
50

00
03

52
61

 c
an

di
da

 p
on

de
ro

sa
e 

17
03

07
 g

00
54

03
.m

1

yH
M

Pu
50

00
02

61
52

To
ru

la
sp

or
a 

fra
nc

is
ca

e 
SP

AD
ES

 g
00

09
98

.m
1

yH
M

Pu
50

00
03

56
53

 to
ru

la
sp

or
a 

de
lb

ru
ec

ki
i 1

60
61

3 
g0

00
90

9.
m

1

yH
M

Pu
50

00
03

48
81

To
ru

la
sp

or
a 

pr
et

or
ie

ns
is

 S
PA

D
ES

 g
00

20
16

.m
1

yH
M

Pu
50

00
03

56
52

 to
ru

la
sp

or
a 

m
al

ee
ae

 1
60

61
3 

g0
02

56
1.

m
1

yH
M

Pu
50

00
02

62
56

 z
yg

ot
or

ul
as

po
ra

 m
ra

ki
i 1

70
30

7 
g0

01
65

6.
m

1

yH
M

Pu
50

00
03

48
62

 z
yg

ot
or

ul
as

po
ra

 fl
or

en
tin

a 
16

05
19

 g
00

41
87

.m
1

yH
M

Pu
50

00
03

56
51

To
ru

la
sp

or
a 

m
ic

ro
el

lip
so

id
es

 S
PA

D
ES

 g
00

28
95

.m
1

yH
M

Pu
50

00
03

48
66

 z
yg

os
ac

ch
ar

om
yc

es
 b

is
po

ru
s 

16
05

19
 g

00
16

56
.m

1

zy
go

sa
cc

ha
ro

m
yc

es
 b

ai
lii 

g0
01

97
9.

m
1

yH
M

Pu
50

00
03

48
66

 z
yg

os
ac

ch
ar

om
yc

es
 b

is
po

ru
s 

16
05

19
 g

00
08

94
.m

1

yH
M

Pu
50

00
03

48
65

 z
yg

os
ac

ch
ar

om
yc

es
 k

om
bu

ch
ae

ns
is

 1
60

51
9 

g0
04

15
0.

m
1

yH
M

Pu
50

00
03

48
63

 z
yg

os
ac

ch
ar

om
yc

es
 ro

ux
ii 

18
06

04
 g

00
44

97
.m

1

yH
M

Pu
50

00
03

48
75

 te
tra

pi
si

sp
or

a 
fle

et
ii 

16
05

19
 g

00
40

03
.m

1

yH
M

Pu
50

00
03

48
77

 te
tra

pi
si

sp
or

a 
na

m
na

on
en

si
s 

16
05

19
 g

00
22

86
.m

1

1
m.277000g

406081iiffahp
aropsisipartet

0854300005u
P

M
Hy

1
m.867400g

S
E

D
AP

S
sisneto

moiri
aropsisiparteT

6784300005u
P

M
Hy

1
m.373500g

429091
eattalb

aropsisipartet
4784300005u

P
M

Hy
1

m.625000g
406081

sisnenis
secy

moeuy
9265300005u

P
M

Hy

1
m.065200g

eaisiverec
secy

morahccas1
m.

55
95

00
gi

oir
ig

ar
op

sa
ht

ap
s

1
m.

20
52

00
g

su
xo

da
ra

p
se

cy
mo

ra
hc

ca
s

1
m.

24
64

00
g

ea
ta

ki
m

se
cy

mo
ra

hc
ca

s

saccharom
yces arboricola g002643.m

1

saccharom
yces uvarum

 g002281.m
1

yH
M

Pu5000034871 naum
ovozym

a castellii 180604 g000501.m
1

yH
M

Pu5000034872 naum
ovozym

a dairenensis 180604 g001071.m
1

yH
AB159 kazachstania solicola 160519.haplom

erger2 g002352.m
1

yH
AB164 kazachstania aerobia 160519 g002235.m

1

yH
AB133 kazachstania unispora 160519 g003276.m

1

yH
AB143 kazachstania siam

ensis 160519 g001558.m
1

yH
AB154 kazachstania transvaalensis 160519 g003164.m

1

yH
AB166 kazachstania yakushim

aensis 160519 g005579.m
1

kazachstania naganishii g003036.m
1

yH
AB136 kazachstania brom

eliacearum
 160519 g002792.m

1

yH
AB147 kazachstania taianensis 160519 g000623.m

1

yH
AB132 kazachstania m

artiniae 160519 g000926.m
1

yH
AB148 kazachstania intestinalis 160519 g001324.m

1

yH
AB153 kazachstania rosinii 160519 g004525.m

1

yHAB155 kazachstania spencerorum
 160519 g001465.m

1

yH
AB160 kazachstania kunashirensis 160519 g001925.m

1

yH
M

Pu5000040961 kazachstania turicensis 201018 g000126.m
1

yHAB137 kazachstania africana 160519 g003356.m
1

yHAB158 kazachstania viticola 160519.haplom
erger2 g000072.m

1

yHM
Pu5000034869 vanderwaltozym

a polyspora 180604 g005603.m
1

yHM
Pu5000034871 naum

ovozym
a castellii 180604 g004406.m

1

1
m.

72
81

00
g

40
60

81
sis

ne
ne

ri
ad

a
my

zo
vo

mu
an

27
84

30
00

05
uP

MH
y

yHM
Pu5000034692 lachancea m

eyersii 180604 g004420.m
1

yHM
Pu5000034693 Lachancea lanzarotensis SPADES g000298.m

1

yHM
Pu5000034697 lachancea dasiensis 190924 g001116.m

1

yHM
Pu5000034678 lachancea therm

otolerans 180604 g003465.m
1

yHM
Pu5000040963 lachancea quebecuensis 200128 g004173.m

1

yHM
Pu5000034695 lachancea ferm

entati 201018 g001512.m
1

lachancea cidri g003876.m1

kluyveromyces lactis g002465.m1

yHMPu5000034710 kluyveromyces dobzhanskii 160519 g002088.m1

kluyveromyces marxianus g001453.m1

yHMPu5000034709 kluyveromyces aestuarii 160519 g003226.m1

yHMPu5000034694 lachancea kluyveri 180604 g003797.m1

yHMPu5000035243 zygoascus meyerae 170307 g004740.m1

yHMPu5000035243 zygoascus meyerae 170307 g004741.m1

hanseniaspora uvarum g003684.m1

yHMPu5000034963 hanseniaspora clermontiae 160519.haplomerger2 g002568.m1

yHMPu5000035695 hanseniaspora pseudoguilliermondii 160519.haplomerger2 g002822.m1

yHMPu5000035684 kloeckera hatyaiensis 160519.haplomerger2 g000671.m1

yHMPu5000034955 hanseniaspora valbyensis 201018.haplomerger2 g000251.m1

yHMPu5000035696 hanseniaspora singularis 160519.haplomerger2 g000865.m1

yHMPu5000026147 hanseniaspora vineae 190924.haplomerger2 g000794.m1

yHMPu5000034957 Hanseniaspora osmophila SPADES g002938.m1

yHMPu5000034607 saccharomycopsis capsularis 180604 g004890.m1

yHMPu5000038051 saccharomycopsis malanga 170912 g003116.m1

yHMPu5000034603 sporopachydermia quercuum 190924 g005824.m1

yHMPu5000034604 sporopachydermia lactativora 180604 g000384.m1

arxula adeninivorans g001484.m1

yHMPu5000034669 Blastobotrys raffinofermentans SPAdes g000450.m1

yHMPu5000034671 blastobotrys peoriensis 160519 g000176.m1

yHMPu5000034681 blastobotrys americana 160519 g001442.m1

yHMPu5000035691 candida salmanticensis 160519 g003144.m1

yHMPu5000034660 diddensiella caesifluorescens 180604 g004892.m1

yHMPu5000034674 blastobotrys muscicola 160519 g002962.m1

yHMPu5000034670 blastobotrys proliferans 160519 g004410.m1

yHMPu5000034673 blastobotrys nivea 190924 g004207.m1

yHMPu5000034675 blastobotrys mokoenaii 160519 g004594.m1yHMPu5000034605 spencermartinsiella europaea 180604 g004395.m1
1m.765300g406081snatibahongilalleamayigus0487300005uPMHy
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Figure EV5. Unrooted phylogeny of the Gal4p orthologs in the budding yeasts used in this study.

(A) A phylogeny including all translated amino acid sequences of genes in the orthogroup containing canonical Gal4p. A black arrow indicates the location of a branch,
which was pruned in (B) due to the length of the branch and the topological incongruence with the species phylogeny in this part of the tree, suggesting that these are
likely other related C6 zinc transcription factors. The Newick files for these trees are available as source data. The location of the Gal4p orthologs from S. cerevisiae and
Sat. dispora are highlighted on both trees, and the branches are colored according to the taxonomic order. Source data are available online for this figure.
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Figure EV6. The respiration profile of Sat. dispora and gal4Δ deletion
mutants over 48 h of growth.

For each strain, the black line represents the average oxygen consumption rate
(OCR), and the shaded area represents the standard error of the mean. Note
that both mutants (Gal4_1, Gal4_19) have considerably higher OCR at several
phases of the experiment, including the beginning and end.
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