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Supplementary Fig. 2  Chen et al.

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

R
el

at
iv

e 
m

R
N

A
 le

ve
l

MCM3/ef1a
✱

m
cm

3/
ef

1a
 

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

R
el

at
iv

e 
m

R
N

A
 le

ve
l

CDCA7A/ef1a
✱

cd
ca

7a
/e

f1
a 

Young Old

0.04

bh
m

t/e
f1

a 

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

Liver Bhmt/ef1a

R
el

at
iv

e 
m

R
N

A
 le

ve

✱

Young Old

0.04

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

angptl4/ef1a

✱

an
gp

tl4
/e

f1
a 

Young Old

0.03

co
l1

a1
/e

f1
a 

 

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

R
el

at
iv

e 
m

R
N

A
 le

ve
l

COL1A1B/ef1a
✱

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

R
el

at
iv

e 
m

R
N

A
 le

ve
l

SELENOM/ef1a

✱

se
le

no
m

/e
f1

a 

Young Old

0.05

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

R
el

at
iv

e 
m

R
N

A
 le

ve
l

TMEM86B/ef1a
✱

tm
em

86
b/

ef
1a

 

Young Old

0.05

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

R
el

at
iv

e 
m

R
N

A
 le

ve
l

GADL1/ef1a
✱✱

ga
dl

1/
ef

1a
 

Young Old

0.002

6 w
ee

ks

24
-25

 w
ee

ks

0.5

1.0

1.5

2.0

2.5

0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

INHBC/ef1a
✱✱✱

in
hb

c/
ef

a 

Young Old

0.0007

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

COL1A2/ef1a
✱

co
l1

a2
/e

f1
a 

Young Old

0.02

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

GLS2/ef1a
✱✱

gl
s2

/e
f1

a 

Young Old

0.002

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

ponzr2/ef1a

✱✱

po
nz

r2
/e

f1
a 

Young Old

0.008

sl
c6

a1
6/

ef
1a

 

6 w
ee

ks

24
-25

 w
ee

ks

0.1

0.2

0.3

0

SL
C
6A
16
/e
f1
a

SLC6A16/ef1a

✱

Young Old

0.03

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

AASDHPPT/ef1a
✱✱✱

aa
sd

hp
pt

/e
f1

a

Young Old

0.0008

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

CD74B/ef1a
✱

cd
74

b/
ef

1a
 

Young Old

0.02

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.2

0.4

0.6

R
el

at
iv

e 
m

R
N

A
 le

ve
l

MFAP4/ef1a

✱✱✱

m
fa

p4
/e

f1
a 

Young Old

0.0006

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.1

0.2

0.3

0.4

0.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

nbl1/ef1a
✱✱

nb
l1

/e
f1

a 

Young Old

0.001

p2
1/

ef
1a

 

6 w
ee

ks

25
 w

ee
ks

0

2

4

6

8

10

Liver p21/ef1a

R
el

at
iv

e 
m

R
N

A
 le

ve

✱

Young Old

0.03

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.2

0.4

0.6

0.8

1.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

HSD3B1/ef1a
✱✱

hs
d3

b1
/e

f1
a 

Young Old

0.003

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

C1QA/ef1a
✱

c1
qa

/e
f1

a 

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.2

0.4

0.6

0.8

1.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

C-reactive protein/ef1a
✱✱

c-
re

ac
tiv

e 
pr

ot
ei

n/
ef

1a
 

Young Old

0.004

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

R
el

at
iv

e 
m

R
N

A
 le

ve
l

ripk2/ef1a

✱

rip
k2

/e
f1

a 

Young Old

0.04

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

R
el

at
iv

e 
m

R
N

A
 le

ve
l

WDR70/ef1a

✱

w
dr

70
/e

f1
a 

Young Old

0.03

!"#
$$
%&

'(
F'G
"#
$$
%&

+

,

'

-

(

G

/e
f1

a,
 R

el
at

iv
e 

m
R

N
A

 le
ve

l

./.,01$2,3
!

fg
f1

9/
ef

1a
 

Young Old

0.02

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

/e
f1

a,
 R

el
at

iv
e 

m
R

N
A

 le
ve

l

SLC13A5/ef1a

✱

sl
c1

3a
5/

ef
1a

 

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0

5

10

15

Liver Ucp1/ef1a

/e
f1

a,
 R

el
at

iv
e 

m
R

N
A

 le
ve

l

0.0073

uc
p1

/e
f1

a 

Young Old

0.007

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

/e
f1

a,
 R

el
at

iv
e 

m
R

N
A

 le
ve

l

HTRA1b/ef1a

✱✱

ht
ra

1b
/e

f1
a 

Young Old

0.004

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

ogfrl1/ef1a
✱✱✱

og
frl

1/
ef

1a

Young Old

0.0002

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

NFIX/ef1a

✱

nf
ix

/e
f1

a 

Young Old

0.02

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.1

0.2

0.3

R
el

at
iv

e 
m

R
N

A
 le

ve
l

LECT2/ef1a
✱✱

le
ct

2/
ef

1a
 

Young Old

0.007

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3
R

el
at

iv
e 

m
R

N
A

 le
ve

l
SPRY4/ef1a

✱✱

sp
ry

4/
ef

1a
 

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

RNF2/ef1a
✱

rn
f2

/e
f1

a 
 

Young Old

0.02

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

ZBTB20/ef1a

✱

zb
tb

20
/e

f1
a 

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

PNPLA3/ef1a
✱

pn
pl

a3
/e

f1
a 

Young Old

0.05

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

OAT/ef1a
✱✱

oa
t/e

f1
a 

Young Old

0.003

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

TCN2/ef1a

✱✱✱

tc
n2

/e
f1

a 

Young Old

0.0002

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

IGF1/ef1a
✱✱

ig
f1

/e
f1

a 

Young Old

0.001

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

TMEM268 transmembrane protein 268/ef1a

✱

tm
em

26
8/

ef
1a

 

Young Old

0.03

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

FOXA3/ef1a

✱

fo
xa

3/
ef

1a
 

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

R
el

at
iv

e 
m

R
N

A
 le

ve
l

MCM5/ef1a
✱

m
cm

5/
ef

1a
 

Young Old

0.04

ak
r1

d1
/e

f1
a 

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

R
el

at
iv

e 
m

R
N

A
 le

ve
l

AKR1D1/ef1a

✱

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

R
el

at
iv

e 
m

R
N

A
 le

ve
l

HSD17B7/ef1a

✱

hs
d1

7b
7/

ef
1a

 

Young Old

0.04

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

SC5DL/ef1a

✱

sc
5d

l/e
f1

a 
 

Young Old

0.02

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

HSD11B1L/ef1a

✱

hs
d1

1b
1/

ef
1a

 

Young Old

0.04

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

COMTD1/ef1a
✱✱

co
m

td
1/

ef
1a

 

Young Old

0.01

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

MIOX/ef1a
✱✱

m
io

x/
ef

1a
 

Young Old

0.006

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

RBP4/ef1a
✱✱

rb
p4

/e
f1

a 

Young Old

0.007

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

GLRX/ef1a

✱✱✱✱

gl
rx

/e
f1

a 

Young Old

<0.0001

6 w
ee

ks

24
-25

 w
ee

ks
0

1

2

3

4

R
el

at
iv

e 
m

R
N

A
 le

ve
l

SLC22A2/ef1a
✱

sl
c2

2a
2/

ef
1a

 

Young Old

0.02

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

FAM20A/ef1a

✱✱

fa
m

20
a/

ef
1a

 

Young Old

0.007

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

GDA/ef1a
✱✱

gd
a/

ef
1a

 

Young Old

0.006

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

SQSTM1/ef1a

✱

sq
st

m
1/

ef
1a

 

Young Old

0.04

6 w
ee

ks

24
-25

 w
ee

ks
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

STEAP4/ef1a
✱

st
ea

p4
/e

f1
a 

Young Old

0.01



6w 18w
0.0

0.2

0.4

0.6

SA-β-gal WT

P
ro

po
rt

io
n 

of
 S

A
-β

-g
al

✱✱✱

a) b)

Young Old

W
T 

 
W

T

Young Old

e)

f)

d)

p15
-To

m-N
TR 6w

p15
-To

m-N
TR 24

w
0.00

0.01

0.02

0.03

0.04

0.05

R
el

at
iv

e 
m

R
N

A
 le

ve
l

p15/ef1a
ns

p15
-To

m-N
TR 6w

p15
-To

m-N
TR 24

w
0.000

0.002

0.004

0.006

0.008

0.010

R
el

at
iv

e 
m

R
N

A
 le

ve
l

tdTomato

ns

WT 6w WT 24w
0

1

2

3

R
el

at
iv

e 
m

R
N

A
 le

ve
l

p15/ef1a
ns

g)

p1
5/

ef
1a

td
To

m
at

o/
ef

1a

p1
5/

ef
1a

Wild-type (WT)

SA-β-gal

6w 18w
0.0

0.1

0.2

0.3

0.4

SA-β-gal p15-Tom-NTR

P
ro

po
rt

io
n 

of
 S

A
-β

-g
al

✱

WT

P
os

iti
ve

ar
ea

/ t
is

su
e 

ar
ea

P
os

iti
ve

ar
ea

/ t
is

su
e 

ar
ea

p15-TG

p15
-To

m-N
TR  c

ontro
l

p15
-To

m-N
TR  5

-FU
0.0

0.1

0.2

0.3

SA-β-gal

P
os

iti
ve

 a
re

a/
 ti

ss
ue

 a
re

a

✱

Vehicle 5-FU

td
To

m
at

o
S

A
-β

-g
al

l)

p15
-To

m-N
TR  c

ontro
l

p15
-To

m-N
TR  5

-FU
0.0

0.5

1.0

1.5

2.0

2.5

R
el

at
iv

e 
m

R
N

A
 le

ve
l

p15/ef1a

✱

p15
-To

m-N
TR  c

ontro
l

p15
-To

m-N
TR  5

-FU
0

2

4

6

8

R
el

at
iv

e 
m

R
N

A
 le

ve
l

tdTomato

✱

m)

p1
5/

ef
1a

td
To

m
at

o/
ef

1a

n)

P
os

iti
ve

ar
ea

/ t
is

su
e 

ar
ea

SA-β-gal
0.04

0.03

0.01

0.0001
0.03

h)

i)

No treatment 5-FU

GRZ 12
wee

ks

GRZ 12
wee

ks
 5-

FU
0

2

4

6

/e
f1

a,
 R

el
at

iv
e 

m
R

N
A

 le
ve

l

p21/ef1a
✱

12
 w

ee
ks

12
 w

ee
ks

 5-
FU

0.0

0.5

1.0

1.5

2.0

R
el

at
iv

e 
m

R
N

A
 le

ve
l

p53/ef1a
✱✱

GRZ 12
wee

ks

GRZ 12
wee

ks
 5-

FU
0.0

0.5

1.0

1.5

2.0

/e
f1

a,
 R

el
at

iv
e 

m
R

N
A

 le
ve

l

p15/ef1a

✱✱

P
os

iti
ve

ar
ea

/ t
is

su
e 

ar
ea

24 h0 h 48 h
liver collection

j)

p5
3/

ef
1a

p2
1/

ef
1a

p1
5/

ef
1a

k)
SA-β-gal

No  5-FU

IP injection: 5-FU

12
 w

ee
ks

12
 w

ee
ks

 5-
FU

0.0

0.2

0.4

0.6

Liver SA-β-gal possitive proportion WT

P
ro

po
rt

io
n 

of
 S

A
-β

-g
al

✱

No 5-FU No  5-FU No  5-FU

0.04
0.003 0.02 0.007

WT p15-TG WT p15-TG

1,908 bp 2,445 bp

Typing 1 Typing 2

3,000
2,000
1,500

bp
cdkn2a/b
(p15/16)

tdTomato NTR
T2A P2APromotor

WT

Knock in

p15-Tom-NTR (p15-TG)

2,445 bp 1,908 bp

c)

Young   Old

Young   Old Young   Old

Young   Old Young   Old

Adult

Vehicle 5-FU Vehicle 5-FU Vehicle 5-FU

p15-TG

p1
5-

TG
p1

5-
TG

WT

p15-TG

3,000
2,000
1,500

bp

Supplementary Fig. 3 Chen et al.
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Supplementary Figure 1. Commonality in altered metabolites in N. furzeri livers. 

Venn diagram of metabolites whose levels changed significantly between the two indicated 

stages.  

 

Supplementary Figure 2. Transcriptomic analysis in N. furzeri livers. 

qPCR analysis of 53 differentially expressed genes in young (6 weeks old) and old (24 to 25 

weeks old) livers. Data were normalized to ef1a levels. Data are mean±SD. Two-tailed unpaired 

Student’s t-test was performed. 

 

Supplementary Figure 3. p15 is a stress-response marker but not an aging change or 

senescence marker in N. furzeri.  

a) qPCR analysis of p15 expression of the liver of young (6 weeks old) and old (24 weeks old) 

N. furzeri. Data were normalized to ef1a levels. Data are mean±SD. Two-tailed unpaired 

Student’s t-test was performed. b) Gene targeting of p15-TG-transgenic fish. c) Genotyping 

results of transgenic fish. d) SA-β-gal staining of young (6 weeks old) and old (18 weeks old) 

WT and p15-TG livers. Scale bar: 50 µm. e) Quantification of d). Data are mean±SD. Two-

tailed unpaired Student’s t-test was performed. f) Fluorescence of tdTomato in young (6 weeks 

old) and old (18 weeks old) WT and p15-TG livers. Scale bar: 50 µm. g) qPCR analysis of 

gene expression in young (6 weeks old) and old (24 weeks old) WT and p15-TG livers. Data 

were normalized to ef1a levels. Data are mean±SD. Two-tailed unpaired Student’s t-test was 

performed. h) Experimental design of 5-FU treatment. i) SA-β-gal staining of the 12-week-old 

no treatment (No) or 5-FU-injected (5-FU) livers. Scale bar: 50 µm. j) Quantification of i). 

Data are mean±SD. Two-tailed unpaired Student’s t-test was performed. k) qPCR analysis of 

gene expression in no treatment or 5-FU-injected livers. Data were normalized to ef1a levels. 

Data are mean±SD. Two-tailed unpaired Student’s t-test was performed. l) SA-β-gal staining 



of the liver and fluorescence of tdTomato in the 13-14-week-old vehicle or 5-FU-injected p15-

TG livers. Scale bar: 50 µm. m) Quantification of SA-β-gal-positive signals of l). Data are 

mean±SD. Two-tailed unpaired Student’s t-test was performed. n) qPCR analysis of expression 

of the tdTomato gene and the p15 gene in vehicle or 5-FU-injected livers. Data were normalized 

to ef1a levels. Data are mean±SD. Two-tailed unpaired Student’s t-test was performed. Each 

group contains 3 biologically independent samples. 

 

Supplementary Figure 4. Commonality in altered expression of genes between N. furzeri 

and mice. 

a) Venn diagram of metabolites whose levels changed significantly between the two indicated 

stages. b) Venn diagram of genes whose levels changed significantly between mice and fish.  

 

Supplementary Table 1: Raw data of the metabolomic analysis. 

Supplementary Table 2: Metabolites whose levels were significantly changed. 

Supplementary Table 3: Metabolites belonging to each part of the Venn diagram related to 

Supplementary Fig.1. 

Supplementary Table 4: 10,947 genes used for RNA-seq analysis. 

Supplementary Table 5: 231 Genes whose levels were significantly changed between Young 

and Old. 

Supplementary Table 6: 154 genes with human's orthologs. 

Supplementary Table 7: 53 genes whose expression changes were confirmed by qPCR. 

Supplementary Table 8: Gene list which was used for Venn diagram analysis derived from 

RNA-seq. 

Supplementary Table 9: Genes belonging to each part of the Venn diagram related to 

Supplementary Fig.4a 


