
Supplemental Figure S1: Contact map of a Hi-C library made from the Barcelona laboratory strain, 
aligned on the Barcelona chromosomal assembly.
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Supplemental Figure S3: Histogram of the number of orthologous genes per syntenic region 
in pairs of genomes (horizontal axis in natural or log scale), followed by dot-plot plots of homologous 
genes in pairs of genomes not displayed in the main Figure 2.
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Supplemental Figure S4: Comparative chromosome mapping of the Fgf (A) and Myh genes 
in the genomes of O. dioica from Osaka (OSA), Barcelona (BAR) and Okinawa (OKI).



Fg
f1

1/
12

/1
3/

14
b

m
ic

ro
sy

nt
en

y

OSA CHR2 - 1

9704 Kb 9782 Kb

2 3 4 5 6 7 8 9 10 Fgf 12 13 14 15 16 17 18 19 20 21

BAR CHR2 + 1

9700 Kb 9620 Kb

2 3 4 5 6 7 8 9 10 Fgf 12 13 14 15 16 17 18 19 20 21

852 Kb 890 Kb

OKI CHR2+ 7

7333 Kb 14623 Kb

9 8 6 5 4 3 2 1 10Fgf21 20 19 18 17 16 15 14 13 12

7335Kb 8187Kb 8209Kb 9099Kb 9177Kb 9428Kb 9475Kb 14621Kb

251 Kb 5146 Kb

Fg
f9

/1
6/

20
a

m
ic

ro
sy

nt
en

y

OKI

BAR CHR2 + 1
4613 Kb 4715 Kb

2 3 4 5 6 7 8 9 10 Fgf 12 13 14 15 16 17 18 19 20 21

7 178CHR1 -
1046 Kb

16
1049 Kb 544 Kb 545 Kb 1297 Kb 5009 Kb

PAR + XSR +1 21421201918 3 1213 Fgf 9654 10
1950 Kb11858 Kb

CHR2 -
1240 Kb 5025 Kb 66 Kb 597 Kb 1386 Kb 1519 Kb 6 Kb 3707 Kb

1948 Kb1954 Kb1983 Kb10605 Kb 5578 Kb 5508 Kb 4898 Kb 3510 Kb

9 10 Fgf 12 1345 6 7 8 3 2 1 18192021 141617 15OSA CHR1 + CHR2 +
2403 Kb 4564 Kb 1329 Kb 4644 Kb

14 Kb 2706 Kb 220 Kb 284 Kb 20 Kb

2411 Kb 4044 Kb 4304 Kb4084 Kb 4623 Kb4603 Kb4319 Kb

Fg
f1

1/
12

/1
3/

14
a

m
ic

ro
sy

nt
en

y

OKI

BAR

OSA

CHR2 + 1

9005 Kb 9060 Kb
2 3 4 5 6 7 8 9 10 Fgf 12 13 14 15 16 17 18 19 20 21

CHR2 - 1

6500 Kb
6451 Kb

2 3 4 5 6 7 8 9 10 Fgf 12 13 14 15 16 17 18 19 20 21

1 2 3 4 5 6 7

13684 Kb 13694 Kb

2021

7477 Kb 7482 Kb

19

8479 Kb 8484Kb

1516

8615Kb 8623Kb

Fgf 12 13

10023Kb 10030Kb

17 18

10188Kb10179Kb

9 10

10049Kb 10053Kb

CHR2 +
997 Kb 131 Kb 1400 Kb 19 Kb 126 Kb 3496 Kb

M
yh

F
m

ic
ro

sy
nt

en
y

CHR1 + 1

4522 Kb 4609 Kb

2 3 4 5 6 7 8 9 10 MyhF 12 13 14 15 16 17 18 19 20 21

CHR1 - 1

9519 Kb 9434 Kb

2 3 4 5 6 7 8 9 10 MyhF 12 13 14 15 16 17 18 19 20 21

13745 Kb

121314151718192021

13779Kb

CHR1 -
14 Kb

89

10601 Kb 10592 Kb

3144 Kb

1

10510 Kb

2 3 4 5 6 7 10

10495 Kb

82 Kb

MyhFPAR -
2764 Kb2771 Kb13755Kb13768Kb

BAR

OSA

OKI

M
yh

A
m

ic
ro

sy
nt

en
y

PAR + 1

5369 Kb 5455 Kb

2 3 4 5 6 7 8 9 10 MyhA 12 13 14 15 16 17 18 19 20 21

8702 Kb

PAR - 123 4 51 678 13 14 15 16 17 18 19 20 21

8773 Kb

9 10 MyhACHR2 -
11761 Kb 11751 Kb

14262 Kb

13 14 15 16 17 18 19 20 21

14295 Kb

3 41

11316 Kb

5
2945 Kb 429 Kb

11288 Kb 10860 Kb 10859 Kb

35 Kb

876

10816 Kb10824 Kb

PAR - 12MyhACHR2 -
9191 Kb 9186 Kb

910

11698 Kb11701 Kb 8740 Kb 8737 Kb

2507 Kb 446 Kb

OKI

OSA

BAR

M
yh

G
m

ic
ro

sy
nt

en
y

CHR2 + 1

7377 Kb 7422 Kb

2 3 4 5 6 7 8 9 10 MyhG 12 13 14 15 16 17 18 19 20 21

239 Kb

6229 Kb

131415161718192021

6213 Kb6499 Kb

2 3 4 5 6 7 8 9 10 MyhG 12

6468 Kb

1CHR2 -

2124 Kb

7529 Kb

2 3 4 5 6 7 8 9 10 MyhG 12

7277 Kb

1CHR2 -
5133 Kb

13 14 15 16 17 18 19 20 21

5153 Kb

BAR

OKI

OSA

A

B

C

D

E

F

Supplemental Figure S5: Comparative microsynteny analysis of loci surrounding Fgf and 
Myosin gene family members in O. dioica. A: Fgf11/12/13/14a; B: Fgf11/12/13/14b; 
C: Fgf9/16/20) and Myh (D: MyhG; E: MyhA; F: MyhF). Species names are shortened 
as follows: Osaka (OSA), Barcelona (BAR) and Okinawa (OKI).



1

8909 Kb

2 3 4

8901 Kb

CHR2 -

11898 Kb 11851 Kb

5 6 7 8 9 10 Hox1 13 14 15 16 17 18 19 20 21

2942 Kb
OSA

CHR2 + 1

6168 Kb 6228 Kb

2 3 4 5 6 7 8 9 10 Hox1 12 13 14 15 16 17 18 19 20 21BAR

1

7133 Kb

2 3

420 Kb
4

7553 Kb7555 Kb 7133 Kb

CHR2 -
14383 Kb

6 5 CHR1 -
4309 Kb

7

14302 Kb

8 9 10 Hox1 13 14 15 16 17 18 19 20 21

28 Kb 6747 Kb

4306 Kb
OKI

14379 Kb 14351 Kb

12

G

H

H
ox

12
m

ic
ro

sy
nt

en
y

H
ox

1
m

ic
ro

sy
nt

en
y

CHR1 + 1

4232 Kb 4300 Kb

2 3 4 5 6 7 8 9 10 Hox12 12 13 14 15 16 17 18 19 20 21BAR

CHR1 - 1

9828 Kb 9760 Kb

2 3 4 5 6 7 8 9 10 Hox12 12 13 14 15 16 17 18 19 20 21OSA

XSR +
346 Kb

2 4

352 Kb

3

12286 Kb12284 Kb

CHR2 +
9967 Kb

6 7 8 9 10 Hox121213141516192021 9 10 8 7 65

6219 Kb6216 Kb

CHR1 +
3698 Kb

9917 Kb

OKI

Supplemental Figure S5 (continued)



166
(3.5%)

Okinawa

Osaka

143
(3.0%)

161
(3.3%)

261
(5.4%)

Barcelona

1,718
(35.7%)

1,298
(27.0%)

1,062
(22.1%)

175
(3.7%)

Okinawa

Osaka

163
(3.5%)

164
(3.5%)

279
(5.9%)

Barcelona

1,675
(35.5%)

1,242
(26.3%)

1,024
(21.7%)

intergenic distance: 250bp
gene equivalence: HOG

operon equivalence: exact

175
(2.5%)

Okinawa

Osaka

183
(2.6%)

188
(2.6%)

350
(4.9%)

Barcelona

2,559
(36.0%)

2,020
(28.4%)

1,639
(23.0%)

182
(2.6%)

Okinawa

Osaka

215
(3.1%)

201
(2.9%)

379
(5.4%)

Barcelona

2,491
(35.6%)

1,943
(27.8%)

1,581
(22.6%)

intergenic distance: 500bp
gene equivalence: HOG

operon equivalence: exact

38
(1.3%)

Okinawa

Osaka

69
(2.4%)

81
(2.8%)

130
(4.5%)

Barcelona

996
(34.5%)

818
(28.3%)

757
(26.2%)

39
(1.4%)

Okinawa

Osaka

79
(2.7%)

91
(3.6%)

142
(4.9%)

Barcelona

977
(34.0%)

801
(27.9%)

746
(25.9%)

intergenic distance: 500bp
gene equivalence: HOG

operon equivalence: leave-1-out
operon size: >= 2 genes operon size: >= 2 genes operon size: >= 3 genes

intergenic distance: 250bp
gene equivalence: OG

operon equivalence: exact

intergenic distance: 500bp
gene equivalence: OG

operon equivalence: exact

intergenic distance: 500bp
gene equivalence: OG

operon equivalence: leave-1-out
operon size: >= 2 genes operon size: >= 2 genes operon size: >= 3 genes

A B C

D E F

Supplemental Figure S6: Conservation of operons as defined by different matching criteria. 
We assessed operon conservation using sets of operons defined by different intergenic 
distances, gene equivalence criteria, and operon equivalence criteria.
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Supplemental Figure S7: Enrichment of genomic features at the boundary between breakpoint 
or bridge regions and aligned regions in various pairwise comparison (complement to Figure 3C). 
CNE: conserved non-coding elements. Reps: repeat elements.
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Supplemental Figure S8: Repeat density in Oikopleura genomes. The result for the 
Okinawan genome was originally reported in Bliznina et al. (2021), but is plotted here to 
facilitate comparisons with O. dioica from Osaka and Barcelona.
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Supplemental Figure S9: Breakpoint accumulation in Oikopleura, Ciona, Drosophila and Caenorhabditis 
at close (near), mid (intermediary) and far (distant) evolutionary distance. The purpose of this figure is 
to provide extra context to the main text Figure 7 panel E and help the readers assess our choice for 
the normalisation. A) Number of breakpoints. B) Number of breakoints normalised by genome size, 
in megabases. C) Number of breakpoints normalised by genome size, excluding the regions that were 
not aligned (to take into account for instance that some Drosophila genomes assemblies contain very 
large centromeric regions). D) Number of breakpoints normalised by evolutionary distance, in million 
years. The evolutionary distance was estimated by a molecular clock (Oikopleura, main text Figure 5), 
or taken from the literature. E) Number of breakpoint normalised by genome size and evolutionary 
distance. This panel displays the same data as Figure 7E and is the direct output of R scripts (colors and 
bar orders were then edited in Figure 7E to match the other panels of the figure). F) Number of 
breakpoints normalised by alignment length (see C.) and evolutionary distance.



A

B

0.0

0.1

0.2

0.3

0.0

0.1

0.2

0.3

distant intermediate near

AO
M

__
K

U
M

AO
M

__
O

K
I

B
A

R
__

K
U

M
B

A
R

__
O

K
I

K
U

M
__

N
O

R
K

U
M

__
O

S
A

N
O

R
__

O
K

I
O

K
I_

_O
S

A

AO
M

__
B

A
R

AO
M

__
N

O
R

B
A

R
__

O
S

A

N
O

R
__

O
S

A

AO
M

__
O

S
A

B
A

R
__

N
O

R

K
U

M
__

O
K

I

0.0

0.1

0.2

0.3

dN

Pairwise estimate (ML): dN

0

1

2

3

0

1

2

3

distant intermediate near

AO
M

__
K

U
M

AO
M

__
O

K
I

B
A

R
__

K
U

M
B

A
R

__
O

K
I

K
U

M
__

N
O

R
K

U
M

__
O

S
A

N
O

R
__

O
K

I
O

K
I_

_O
S

A

AO
M

__
B

A
R

AO
M

__
N

O
R

B
A

R
__

O
S

A

N
O

R
__

O
S

A

AO
M

__
O

S
A

B
A

R
__

N
O

R

K
U

M
__

O
K

I

0

1

2

3

dS

dS

Distance

distant

intermediate

near

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

distant intermediate near

AO
M

__
K

U
M

AO
M

__
O

K
I

B
A

R
__

K
U

M
B

A
R

__
O

K
I

K
U

M
__

N
O

R
K

U
M

__
O

S
A

N
O

R
__

O
K

I
O

K
I_

_O
S

A

AO
M

__
B

A
R

AO
M

__
N

O
R

B
A

R
__

O
S

A

N
O

R
__

O
S

A

AO
M

__
O

S
A

B
A

R
__

N
O

R

K
U

M
__

O
K

I

0.00

0.05

0.10

0.15

0.20

dN
dS

dN/dS

0.0

0.1

0.2

0.3

0.0

0.1

0.2

0.3

distant intermediate near

AO
M

__
K

U
M

AO
M

__
O

K
I

B
A

R
__

K
U

M
B

A
R

__
O

K
I

K
U

M
__

N
O

R
K

U
M

__
O

S
A

N
O

R
__

O
K

I
O

K
I_

_O
S

A

AO
M

__
B

A
R

AO
M

__
N

O
R

B
A

R
__

O
S

A

N
O

R
__

O
S

A

AO
M

__
O

S
A

B
A

R
__

N
O

R

K
U

M
__

O
K

I

0.0

0.1

0.2

0.3

dN

Pairwise estimate (Bayesian): dN

0

1

2

3

0

1

2

3

distant intermediate near

AO
M

__
K

U
M

AO
M

__
O

K
I

B
A

R
__

K
U

M
B

A
R

__
O

K
I

K
U

M
__

N
O

R
K

U
M

__
O

S
A

N
O

R
__

O
K

I
O

K
I_

_O
S

A

AO
M

__
B

A
R

AO
M

__
N

O
R

B
A

R
__

O
S

A

N
O

R
__

O
S

A

AO
M

__
O

S
A

B
A

R
__

N
O

R

K
U

M
__

O
K

I

0

1

2

3

dS

dS

0.00

0.05

0.10

0.15

0.20

0.00

0.05

0.10

0.15

0.20

distant intermediate near

AO
M

__
K

U
M

AO
M

__
O

K
I

B
A

R
__

K
U

M
B

A
R

__
O

K
I

K
U

M
__

N
O

R
K

U
M

__
O

S
A

N
O

R
__

O
K

I
O

K
I_

_O
S

A

AO
M

__
B

A
R

AO
M

__
N

O
R

B
A

R
__

O
S

A

N
O

R
__

O
S

A

AO
M

__
O

S
A

B
A

R
__

N
O

R

K
U

M
__

O
K

I

0.00

0.05

0.10

0.15

0.20

dN
dS

dN/dS

Supplemental Figure S10: Pairwise estimations for dN, dS, and dN/dS values for every genome pair. 
A) Maximum likelihood estimates and B) Bayesian estimates (calculated using the runmode = -2 
and runmode = -3 settings in PAML).


