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Supplementary Figure 1. Variation in ploidy across T0 genome. A. Normalized coverage plot along each chromosome, with regions of different ploidy levels indicated by coloured shading (1 for haploid, 2 for diploid, and 3 for triploid). Chromosome SS26 is not shown because it was excluded from the reference (see Methods). B. Allele frequency distributions for regions of each ploidy level; colours correspond to those used in A. 
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Supplementary Figure 2. Segmental mutations in the MA-X strain. A. Normalized coverage plot along each chromosome, with regions of different ploidy levels indicated by coloured shading (2 for diploid, 3 for triploid, 4 for tetraploid, and so on). B. Allele frequency distributions for regions of each ploidy level; colours correspond to those used in A. As tetraploid regions arose recently through duplication of diploid regions (for example, from AB to AABB), heterozygous sites retain an expected allele-frequency peak at 1/2, rather than producing additional peaks at 1/4 and 3/4. Diploid regions lacking a 1/2 peak are consistent with loss of one duplicated copy, leaving predominantly AA or BB genotypes. 
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Supplementary Figure 3. Segmental mutations in the MA-S strain. A. Normalized coverage plot along each chromosome, with regions of different ploidy levels indicated by coloured shading (2 for diploid, 3 for triploid, 4 for tetraploid, and so on). B. Allele frequency distributions for regions of each ploidy level; colours correspond to those used in A. As tetraploid regions arose recently through duplication of diploid regions (for example, from AB to AABB), heterozygous sites retain an expected allele-frequency peak at 1/2, rather than producing additional peaks at 1/4 and 3/4. Diploid regions lacking a 1/2 peak are consistent with loss of one duplicated copy, leaving predominantly AA or BB genotypes. 
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Supplementary Figure 4. Coverage profiles showing segmental mutations identified in wild population sequencing data from the plankton species Pseudoscourfieldia marina, Bathycoccus prasinos, Prymnesium parvum, Poteriospumella lacustris, Aureococcus anophagefferens, Pseudo-nitzschia multistriata, and Phaeodactylum tricornutum. The y-axis lists NCBI accessions, and the top x-axis labels chromosomes. For species lacking chromosome-level reference genomes, the 20 longest scaffolds/contigs are shown; substantial numbers of SMs remained detectable under this restriction. Segmental deletions are highlighted in blue, and segmental duplications in red. 
[image: ][image: ][image: ] Supplementary Figure 4. Continued.
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Supplementary Figure 4. Continued.


[image: ]Supplementary Figure 5. Coverage profiles showing segmental mutations identified in wild population sequencing data from the model species Chlamydomonas reinhardtii, Caenorhabditis elegans, Arabidopsis thaliana and Drosophila melanogaster. The top x-axis labels chromosomes carrying segmental mutations, and the y-axis lists NCBI accessions. Segmental deletions are highlighted in blue, and segmental duplications in red. Please note that, due to the large sample size (>500 individuals) in A. thaliana and C. elegans, only representative individuals carrying relatively large SMs are shown for visualization. For A. thaliana and D. melanogaster, zoomed-in views of chromosomal regions are provided for mutations that would otherwise be indiscernible at the whole-genome scale.
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Supplementary Figure 5. Continued.
[image: ] Supplementary Figure 6. Proposed mechanism for eukaryotic pangenome. A. Segmental deletion and duplication contributing to PAV. B. Examples of segmental deletion-induced PAV in A. anophagefferens, with phylogenetic tree shown on the left and coverage profile on the right (tree topology from Sibbald et al. 2025). The red line indicates the genome-wide mean coverage for each strain. 
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Poteriospumella lacustris
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Aureococcus anophagefferen
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Phaeodactylum tricornutum
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Caenorhabditis elegans

n n << v v <
o) © < o - ©
o o o o o o
(&) (&) (&) (&) (&) (&)
< < < < < <
[ee] [ee] [ee] [ee] [ee] [ee]
N N N N N N
x x x x x x
o o o o o o
SRR16356872 “"Il
SRR16357038 "
SRR16357088
0
SRRi6sSTTI T T ——
SRR1G30T6 T P p——
SRR16357117

SRR16357327

T T Te————

SM_type

Duplication




image13.png
Arabidopsis thaliana

CP002687.1

SRR1945582
SRR1946176

6.5

r CP002684.1

7.0 75
Genomic Position (Mbp)

8.0

T

13.0

13.5 14.0 14.5
Genomic Position (Mbp)

15.0

SM_type

Duplication




image14.png
Drosophila melanogaster

SRR12187555

SRR12187556
SRR12187557
SRR12187558
SRR12187559
SRR12187560
SRR12187563
SRR12187574
SRR12187576
SRR12187577
SRR12187578
SRR12187579
SRR12187580
SRR12187581
SRR12187582
SRR12187583
SRR12187584
SRR12187585
SRR12187586
SRR9951089
SRR9951091
SRR9951093
SRR9951094
SRR9951095
SRR9951096
SRR9951098

SRR9951099
SRR9951101
SRR9951102
SRR9951104
SRR9951107
SRR9951108

16

18
Genomic Position (Mbp)

20

22

SM_type

Duplication




image15.png
[ \
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
: Segmental Deletion Segmental Duplication :
I~ D i I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
| /

Sexual

Ancestor

§ cee .— A
x —B ¢—

o}
< I§ D
[ | E

Further Deletion == Ancestral function A. Conservation D. Subfunctionalization

\ No function B. Nonfunctionalization E. Specialization /
\\ == New function C. Neofunctionalization //

pe— CCMP1984

— CCMP3368

P CCMP1707

— CCMP1850
B Coverage

Absence 500 kb 750 kb
JAFCAIO10000010.1





image1.png
age

Normalized Cover:

Ak ]
=0 s it
T

Lot i
) P AW
A R W R TR
Al
R

T T R
5 s N
= |l ki b
' |t s
Sl T T
550 il
=% ol o g
o

SS22 Mm

= .l
2 bl
SS827 M

Lt e et
TR —————

ok,

0 2 4 6 8 10
Genomic Position (Mb)

Ploidy

T
12

nt

Cou

t

Coun

t

Coun

s o o
Allele Frequency




image2.png
age

Normalized Cover:

5 Nl o il s
WMMMMMMMMWMWWW
MWWMWMMWMWMWW
MWMMWM’MMMMM
0% |k A

55 it b
T T ———
P ——

o T
T e A ——
= s i
= |yl ki b
' |
S T
= |l e b
=% bl
il i i

S o
= b
SS24 M

= Ll
8827 MM

= PP

i o

0 2 4 6 8 10
Genomic Position (Mb)

Ploidy

T
12

nt

Cou

nt

Cou

5000
4000

00000

5000

1500
1000
500
0
T T 1T
Mo Q 9N

1000 A
500
04
3000 +
2000
1000 o
04
15000 o
10000
04

So S oo
Allele Frequency




image3.png
age

Normalized Cover:

0 il iy s

=" e i 41l
=05 Lt i Al i i o
> o MR
5599 oo g
0% i

=1 |
s+ oM sl
S12 MMWMMWW

S13 MM

5 i Y
= |yl ki ok echin
' | i
Sl P
0 b e

7T

SS22 MM

S W
SS24 M

SS825 M
SS827 M

o e

2000 4
.. 15001
5
3 1000
@)
500 -
0+

10000 ~
7500
—
g 5000
8 4
2500
04

00000

T T A

15000
—
5
3 10000 A
@)
5000
04

nt

Cou

nt

Cou

0 2 4 6 8 10
Genomic Position (Mb)

Ploidy

T
12

So S oo
Allele Frequency




image4.png
Pseudoscourfieldia marina

SM_type

N
3 I5 5
alhihl

d
d
d
d

] [l N ) ) = o

<

(=3

el
olo|ololoiololciolo]

v0Sld

L ¥1¥051dD

L'€L¥0SLdD

1'¢lv051dD

L 11Iv0SLdD

L' 0l¥051dD

1'607051dD

180705140

1',0¥0G1dD

190705140

1'G0¥051dD

L' ¥0¥051dD

1'€0¥051dD

1'¢0¥051dD

1107051 dO

1007051 dD

1'66€051dO

1'86€051d0

1'/6€0G1dO

1'96€051d0

1'66€061d0

L'¥6€05LdO

L'€6€0G1d0

1'¢6€051d0

L16€05LdO

1'06€051d0

1'68€051d0

1'88€061d0

1'/8€0G1dD

1'98€061d0

ERRT5995%15 | gt oo o

ERR16091990

Deletion

T e

st o o el

SRR28475444

Duplication

SRR28476105





