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Supplementary Fig. 1. The distribution of repeat content in the bins of non-

overlapping 100 Kb windows.



C. decandra | | 1. orientalis 1. polycarpa
50000 -
30000
20000 30000 - I
|||| -|||||| :
=r
| il ..
D. caffra I I P. euphratica I S. chaenomeloides
30000
20000 A
10000 | ;.
of il ||| ||||II||IIi Class
S. chinensis | | P. trichocarpa | | S. purpurea | Il DNA
30000 W LINE
g W LR
8 20000 )
B LTR_Copia
10000 I LTR_Gypsy
0 - I B re
| | P. alba var. pyramidalis | | S. rehderiana | W sINE
30000 A I Unknown
20000 A
10000 o
0
T
40
30000
20000
10000
0 1 Diversity
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from consensus sequences.
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Supplementary Fig. 5. Syntenic block dotplot between Salicaceae species and P.
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Supplementary Fig. 7. Results of the identity test for pairwise comparisons of
different genera. Black arrows refer to the actual niche overlap (Schoener’s D and
Hellinger’s I), Bars show the result of identity test with 100 replicates by using ENMtools.
Schoener's D and Hellinger's I are at the top (green) and bottom (purple) of the matrix,
respectively. See Supplementary Table 7 for values of Hellinger’s I, Schoener’s D, and P-

values.
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Supplementary Fig. 8. Synteny plot between Salicaceae species and C. decandra.
Different colors represent 11 protochromosomes. The boxes show independent
chromosomes. Chrl, 2, 4, 5, 6, 7, 9, 10 and 11 of C. decandra exist as independent
chromosomes in at least three genera, corresponding to ASK1, 2,4, 5,6,7,9, 10 and 11,
respectively. The shaded areas show the fusion of ASK3 and ASKS.
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Supplementary Fig. 9. Schematic diagram of protochromosome identification,
construction and extension. a, Taking ASK6 as an example, the synteny between
Casearia as a reference and the remaining species is shown, with the numbering of
independent chromosomes highlighted in yellow. b, One independent chromosome (Chr5
of Flacourtia) was selected as the initial protochromosome and aligned with the genomes
of the other Clade II species and Casearia one by one (steps 1-4). Any redundant genes
between two collinear genes, not exceeding five in number, were added to the
protochromosome. The gray shading represents temporary protochromosomes generated

during intermediate steps, ultimately resulting in the extended protochromosome.



Ancestral Salicaceae Karyotype (ASK)

S S S S S WS R S S S S W S R R S S S
f | < fish] 1 | / " R S
| *+ 2 } 7
2 ‘A 1 N |
{ » .
897 =2 1 g
a o g
N ;
g i A S . K]
8 |7 S 5 S / >
S s
Q F 7 e | %
5 7 ! i g
i /
si > .l £ /
8 | 10) 7
. |
N 2 Z n ’/‘

S fied i ’
| 3
2| 7 7
./
I 7 <
aof i ) b9 2 <
£ : s s
S | 2 g g
2 S 2 =
S s 4 { f 3 IS}
g 5 2 Q
w CHEE St A e =
N { & % | { o
N 17 X T
1 (i |
. |
B
10 3
5
P S S S S S S ST R P S S S S S SR ST R T S S S S SR S S S R
7%
) 2
A 3 g i
2 A 3] 3 B 2
3| 0 ‘B v\
f § 15 5! 1l 7% 3
sI o B g
g iy £ N B b RV o
[ 2 o S © N
& Fo 3 % bS]
Q ke S 2
_g N sy % 9 1 ® s
S " g k- ]
S T Sy S 1o e o ¥
S R = a T | Kaleay
Q1) Sl 7 S B e
u S ) 7 ! 2
12| 2
W
R o
I : | il
9| I
16y 5 i
v ] 10
18] I I = 323
% wf I i i i T n

Supplementary Fig. 10. Synteny plot between the inferred 11 ASK protochromosomes
and the genomes of different genera within Salicaceae. Different colors represent 11

protochromosomes.



a b c d
NCF 3 NCF
| 4l i
6 ] 32 H g : ;
©
S ] § 8 3 : !
g ] £ kS 5 : :
a } S g S 6 : ]
° I @4 b ? | ——
8 T | : H
8 $ 2 g1 e
2 K 3 3 :
g ) H g | ; !
] H 2 S ] :
S 8 g £ | ‘
P : % 2 g : :
1 & :
H 3 15 4 J
1 H H
— — —_—
] 6 i ]
7| ® : :
2 : 8 2 ; ;
g 3 €1 g | g o
S s g 3
§ g £° s i
N ] 3 g g } ;
X 10 ! w o | o : :
: 3 21 ; ]
1 ! : :
] 2| i !
7 1 2 G )
@I : all g 24| e B
g : £ 3 2 : :
2 | ;i 8 g 5 5 ‘ ;
S, a a s | i H
woqg 3 2] | ~ 6| ' f
I | %
8 i
af I : ]
2 H H
.57' o 3 2 |
3 s g g
H € gl S| S
g o 3 6 8 8
5 5 S, <
10 9| & .
f 3 L 3
3'2 ] g I o 5 v 9
] 3 i 3
g ] g 2 i 2
g : g 8 ) 3
L L6 £ < 7
S 2 s s
< = G g 4
17 1&l !
|} ]
2
Ml .o « 4| 4 o
g g s ¥ s
g g 5 b 56
kS § 10 § 1l s
s s = i N
o 4 o« X 8 i X
14 i 10
7I 0 1
—_—  — - — B —
44 5| 4 . 2
g | 3 8 P 3
S7 3 £ el £
¢ g g [0 §o
°‘| g 10 & £ E
CRT) @ I =
| 14 i 10
8 3
2
=N g 1 g
2 2 g 2 7
H H H H
g g g g
3 3 8 3
g g < val
S g G o4 [SHFY [

Supplementary Fig. 11. Local synteny dot plots between ASK protochromosomes and
extant genomes associated with the chromosomal fusion events at the four nodes in
Fig. 2. a, RTA event between protochromosome 8 and 11 in Clade II. b, RTA event
between protochromosome 2 and 4 in Clade II. ¢, EEJ event between protochromosome 5
and 9 in Clade I. d, NCF events involving protochromosomes 3, 7, and 11 in Clade I. The
first dotplot in each event illustrates the pattern of change%in detail. The dashed lines
indicate fusion breakpoints (a, b, d) or inversion breakpoints (c). Species without fusion

events are shaded in gray.
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Supplementary Fig. 12. Workflow of allopolyploidization and subgenome
identification. Taking protochromosome 6 (ASK6) as an example: 1) Based on gene
collinearity between 13 genomes and ASK6, 1:2 HGGs were identified between Clade 11/
Casearia and Clade I, including Full- and Partial-HGGs. 2) Gene trees were constructed
for each HGG using RAXML. 3) Gene trees of each protochromosome were merged using
ASTRAL and the polyploidization type was inferred based on the proportions of different
topologies at key nodes. GRAMPA was also used to infer the polyploidization pattern,
showing consistent topology with ASTRAL tree. Genes closer to Clade II were classified
as the A subgenome, and the other paralogs belonged to the B subgenome. 4)
Chromosomes of Clade I species were divided into A and B subgenomes based on gene
positions. 5) Genes in different subgenomes were concatenated, and 6) a tree was
constructed using RAXML, which also obtained a consistent topology. 7) Ks comparisons

between A / B subgenomes and other species, further validated allopolyploidization.
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Supplementary Fig. 13. Homologous gene groups (HGGs) identified in the studied
species. On the left is the phylogenetic tree of the 13 species studied. The middle heatmap
shows an overview of the number of genes per species in each HGGs. C1 (Full-HGGs):
All Clade I species have two gene copies, and the rest of the branch species have one copy.
C2-C9 (Partial-HGGs): 8-1 species in Clade I have two gene copies, and at least two
species of the remaining branches have one gene copy. C10: All species have one copy.
C11: At least 3 species in Clade I have one copy, and the rest of the branches have at least
two species with one copy. C12 represents other scenarios. Genes not in the group are those
without homologous relationships with the reconstructed protochromosomes. On the right

is the number of genes per HGGs in each species.
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Supplementary Fig. 14. The collinearity between the two subgenomes of P. euphratica,
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Supplementary Fig. 15. The Ks distribution between the A/B subgenomes of the eight
species in Clade I and 4 species in Clade II, as well as C. decandra. The A and B

subgenomes are represented in blue and green, respectively.
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Supplementary Fig. 16. The support of phylogenetic trees constructed by coalescent
and concatenated methods. a-c, The frequency and support for three topologies at each
node of Astral trees constructed with 11 protochromosomes as references. a, Each node
label in the evolutionary tree. The quartet scores and posterior probabilities for the three
topologies at each node of the astral tree inferred using Full-HGGs (b) and Full-/Partial-
HGGs (c¢) datasets. d-e, Phylogenetic tree inferred by concatenated method (RAxML)
using Full-HGGs (d) and Full-/Partial-HGGs (e) datasets. It shares the same topology as
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the Astral tree, with a bootstrap value of 100 at each node.
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Supplementary Fig. 17. Coalescent (Astral) and concatenated (RAxML) trees
inferred using the Full-HGGs and Full-/Partial-HGGs dataset after adding 5 species.

Bgu: Banara guianensis, Pcr: Prockia crucis, Ase: Azara serrata, Hco: Homalium

cochinchinense, Dtu: Dianyuea turbinata.
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Supplementary Fig. 18. The repetitive sequences and epigenetic features of the two
subgenomes of Clade I species, along with the remaining species. This includes the
content of repetitive sequences (a) and methylation levels (d-e) in genes and surrounding
regions, as well as chromatin accessibility (¢) in the upstream regions of genes. The A, B
subgenomes and the remaining species are represented in blue, green, and gray,
respectively. b, The distribution of insertion times for two types of full-length LTRs in the

A and B subgenomes of Clade I species. The x and y axes represent insertion time and
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Count respectively. Abbreviations for all species correspond to Fig. 4b.
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Supplementary Fig. 19. Microsynteny visualization of example duplicated gene pairs
specifically retained in four genera (Node I), three genera (Node II), and two genera
(Node III). a-b, two copies were retained in ltoa, Idesia, Populus, and Salix. ¢-d, Only
one copy of the duplicated gene was retained in /toa, while two copies were retained in
Idesia, Populus, and Salix. e-f, Only one copy of the duplicated gene was retained in /toa

and Idesia, while two copies were retained in Populus and Salix.



