
Divergent genomic trajectories predate the 
origin of animals and fungi

In the format provided by the 
authors and unedited

Nature | www.nature.com/nature

Supplementary information

https://doi.org/10.1038/s41586-022-05110-4



0

500

1000

1500

A B C D E F G H I J K L M N O P Q T U V W Y Z

COG

−250

0

250

500

A B C D E F G H I J K L M N O P Q T U V W Y Z

COG

Supplementary Figure 1. Full representation of the boxplots shown in Fig. 1C.

Supplementary Figure 1

Metazoan diversification (n=15) Fungal diversification (n=21)



Neurospora crassa

Tuber melanosporum

Yarrowia lipolytica

Schizosaccharomyces pombe

Taphrina deformans

Neolecta irregularis

Saitoella complicata

Ustilago maydis

Sporobolomyces roseus

Coprinopsis cinerea

Laccaria bicolor

Rhizopus oryzae

Phycomyces blakesleeanus

Rhizophagus irregularis

Mortierella verticillata

Conidiobolus coronatus

Coemansia reversa

Olpidium bornovanus

Allomyces macrogynus

Catenaria anguillulae

Gonapodya prolifera

Spizellomyces punctatus

Paraphelidium tribonemae

Rozella allomycis

Mitosporidium daphniae

Parvularia atlantis

Fonticula alba

+0.9%

+0.9%

+0.07%

+0.5%

+1.5%

-0.1%

+1.9%

+0.3%

+0.1%

+0.04%
+0.2%

-

-

F1

F2

F3

F4

F4.5

F5

F6

F7

F8

F9

F11

+1.1%

+1.1%

+0.6%

-0.3%

+0.1%

+1.1%

+0.7%

-0.1%

+1.5%

+0.1%

+0.1%

+0.1%
-0.1%

F10

F2.5

O F1 F2 F5 F6 F7 F8 F9F10 F11F2.5 F4F3 F4.5

50%

40%

30%

60%

70%

Fungi-related 
functional categories

Metazoa-related 
functional categories

R
el

. g
en

om
ic

 r
ep

re
se

nt
at

io
n

Root Fungi

Dataset including P. tribonemae and O. bornovanus

Values from the dataset including 
P. tribonemae and O. bornovanus

Values from the original dataset

Increment in relative genomic representation 
of Fungi-related categories:

Basidio-
mycota

Asco-
mycota

Holomycota

Fungi

Mucuro-
mycotina

Blastocla-
diomycota

Zoopago-
mycota

Nucle-
ariidae

R+M
clade

Aphelida

Chytridio-
mycota

A

C

D E

B

F1

T (-51.63)

A

BC
D

E
FG

H

I

J

KL

M (+5.35)
N

O

PQ
U

VWY
Z

F2
A

B
CD

E
F
G

H

I

J (+7.29)

KL
MN

O
P

Q

T (-56.24)

U
VWY

Z

Pre-fungal ancestors (Holomycota)

J (+7.03)

J (+7.45)

C (-3.63)

Q (-4.52)

A

A

B

D

E

F
G

H I

KL

M

N

OPQ
T

U

V
W

Y

Z

B

C

DEF

G

H I
K

L

MN

O

P T

U

V
W

Y Z

Functional categories
A: RNA processing
B: Chromatin structure
C: Energy production
D: Cell cycle
E: Amino acid metabolism
F: Nucleotide metabolism
G: Carbohydrate metabolism
H: Coenzyme metabolism
I: Lipid metabolism
J: Translation
K: Transcription
L: Replication
M: Cell wall/memb. biogenesis
N: Cell motility
O: Posttranslat. modifications
P: Inorganic metabolism
Q: Secondary metabolism
T: Signal transduction
U: Intracellular trafficking
V: Defense mechanisms
W: Extracellular structures
Y: Nuclear structure
Z: Cytoskeleton

A

A
B

C
DE

F

G

H

J

K (+42.30)

O

PQ

T (-16.14) Z

U
V YW

L
MN

I

BC

D

E

F

G

H I J

K (+24.28)

LM

N

O
P

Q

T (-52.32)

U
VW

Y

Z

F5
A

A
BC

D

EF

G

H

J (13.81)

LM
N

O
P

Q

U

VW

K

I

K (+22.44)

B
C

D

E
F
G

H

I

J

L

MN

O

P

Q

T (-11.35)

U

VW
Y

Z

U (-19.69)

U (-14.01)

A

A

DEF
H

J

K

L

M

N

OP

Q

T V ZY
WI

B

C

B

C

DE
F

HI

J

K

L

M

N

O

P

T

V
W

YZ

G

Q (+28.11)

G (+31.22)

Fungal diversification (ancestral path to N. crassa)

F6

D (-2.55)

G (+38.38)

G (+38.18)

E I
J

K
O

PQ
T

A

A
B

C

D
E

F H
J

K
L

O

P
Q

TU Z
V YWM

N

I

B

C

F H LM

N

UVW
Y

Z

A

BCDEFG
KL

MN

O
UVWY

ZQ

T (-33.91)
PI

J (-16.89)

H

F1

F4 F4.5 F5 F6

F8 F9 F10 F11

F8 F9 F10 F11

F2 F2.5 F3

A

A
B

C
DEFG

H

I

J (3.91)

O
T (-25.77)

U
Z

VWY

P
K

L

MN Q

A A
B

C

B
C

D

E (+43.64)

F
G

H
I J

KL
OP TU Z

V YW
QM

N

BC

D

E

F

G

H J

K
L

M (+3.4)

N

O

P
Q

T (-46.63)
U

V
W

YZ
I

F3

A

B

C
D

E

F

G

H

I J K

L
M

N

P

Q

T
U

V
WY

Z

O (+80.74)

Root of Fungi

C

D

E

FGH
I JK

O (+33.05)

P T

ZL
M

N
Q

U

VUW

T (-9.18)

F4
F7

K (-72.12)

G (+32.13)

A

BCDEF H

I
J

L
M

N

O

P

Q

T

U

VW

Y

Z

F7
G (+24.90)

A

BCD

E

F H

J K O

P

Q

T

Z
U

VWY
LMN

I

B (-2.54)

A

A

B

CD
E

F

G

K

L OP

Q

T

W Z
YMN

H

J

I

CD

F

G

H
I J

KL

MN

OP

Q

T

V

W
Y

Z

E (+17.73)
U

U (+18.37)

V (-1.11)

O (-38.21)

J (-22.90)

V (+0.05)

V (+1.06)

A

A

B

C E

F
G

H

I K
O

P Z

TU

WV
QM

N

L
D

B

CDE

F

G

H

I

J K
L

M

N

P

Q

TU

WY
Z

O F1 F2 F5 F6 F7 F8 F9F10 F11F2.5 F4F3 F4.5

50%

40%

30%

60%

70%

R
el

. g
en

om
ic

 r
ep

re
se

nt
at

io
n

Root Fungi

Original dataset

Dataset including P. tribonemae and O. bornovanusOriginal dataset

Metazoa-related 

functional categories

Fungi-related 

functional categories

Paraphelidium tribonemae 
not available in original 
dataset

Olpidium bornovanus 
not available in 
original dataset

Supplementary Figure 2. Comparison of the ancestral gene content reconstruction analyses using the same dataset as 
the original analysis as well as the proteomes of Paraphelidium tribonemae (transcriptomic data) and Olpidium 
bornovanus. (A) Increment in the relative genomic representation of Fungi-related categories in the ancestral path 
towards N. crassa (i) in the original dataset and (ii) in the dataset which also includes P. tribonemae (transcriptome) and 
O. bornovanus. (B) Similar information to (A) but displayed as line plots. (C) Net gains and losses of functional categories 
from each dataset. Results from the inclusion of P. tribonemae suggests that approximately half of net gains detected at 
the root of Fungi in the original dataset (Fig. 1) could have occurred before the origin of Fungi. (D-E) Gains and losses of 
metabolic genes (KEGG orthology groups) in the ancestral nodes preceding N. crassa for the two datasets. Due to 
computational time limitations, some steps of the original methodological pipeline used to reconstruct ancestral gene 
contents (see Methods) were not implemented for this second dataset. In particular, prokaryotic homologs were not 
incoporoated into the orthogroups and the orthogroups were not processed with the MAPBOS pipeline. Overall, the 
results from the dataset including P. tribonemae and O. bornovanus dataset confirm the findings from the original dataset 
due to the fact that all trends of change at the level of genomic composition of functional categories (A-B), net gains and 
losses of functional categories (C), and net gains and losses of metabolic genes (D) are consistent at node-level between 
the original and the new dataset; only the ancestral nodes that are located after the positions in which the newly added 
taxa branch experienced some changes (this pattern is particularly evident in panels C and D).
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Supplementary Figure 3. (A) Original source image for the PCR results shown in Supplementary Information 
1-Fig. 3A. In Supplementary Information 1-Fig. 3A, the original source image was cropped to show the lanes 
corresponding to the DNA ladder (lane 1 counting from the left) and to the two PCR amplifications discussed in 
Supplementary Information 1-Fig. 3A (lanes 2 and 3). The original source image was also slightly rotated in 
Supplementary Information 1-Fig. 3A in order to align the lanes with the vertical axis. (B) Original source image 
for the PCR results shown in Supplementary Information 1-Fig. 3B. In Supplementary Information 1-Fig. 3B, the 
original source image was cropped to show the lanes corresponding to the DNA ladder and to the PCR 
amplifications discussed in Supplementary Information 1-Fig. 3B.
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