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Extended Data Fig. 2| Cladogram of maximum likelihood (ML) tree of 190
green plants based on 587 low copy nuclear protein-coding genes. All branches
are maximally supported by both the ML bootstrap supports and ASTRAL
posterior probabilities unless otherwise indicated. Maximum supports by either
method were indicated as “*“, nonsupported branches were indicated as ‘~’. Gene

tree conflicts are shown on focal nodes as pie charts indicating concordance
(light blue), top conflict (lime green), other conflict (red) and no signal (gray).
Quartet supports are shown beside the focal nodes as bar charts, where blue,
orange and gray represent quartet supports for the main topology (ql), the first
alternative topology (q2) and the second alternative topology (q3), respectively.
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Extended Data Fig. 3| Reconstruction of the number of gene families
(orthogroups) in Embryophyta. The numbers of gene families were shown on
ancestral nodes along the chronogram of bryophytes and tracheophytes. The
bubble on each node denotes the total number of gene families reconstructed
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by COUNT with the Dollo parsimony model. The numbers besides the stem

nodes indicate the total, gained and lost gene families. The chronogram of 285
embryophytes was calculated by BEAST v2.4.6.
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Extended Data Fig. 4 | Characteristics of bryophyte core, accessory and
unique gene families. a, The percentage of expressed genes of the core,
accessory and unique genes in P. patens and M. polymorpha. The black triangles
above the bar chartsindicate the percentage of overall expressed genes of
P.patens (n=>58) and M. polymorpha (n = 80) transcriptomes from various
studies (see details in Methods). b, Percentages of expressed genes among

the core, accessory and unique gene families across bryophytes (n = 61) with
transcriptome data. ¢, Percentage of differentially expressed genes (fold change
>2) responding to the three types of stresses in the core, accessory and unique
genesin P. patens (for results, see Supplementary Data 6). d, Percentage of GC
contentamong the core, accessory and unique genes in P. patens and

M. polymorpha. e, Proportion of genes with identified InterPro domainsin core,
accessory and unique gene families in bryophytes and tracheophytes.

f,g, Comparison of gene structure (exon number (f) and length of coding
sequences (g)) among the core, accessory and unique genes in P. patens and

M. polymorpha.h, Gene expression level of the core (n =19,183/11,227), accessory
(4,257/2,753) and unique (5,811/3,812) expressed genes in P. patens and

M. polymorpha.i, The number of core, accessory and unique gene families
getting hits when comparing (BLAST e-value <1 x107) to all three categoriesin
P.patens and M. polymorpha, respectively. j, Statistics of BLAST search results
of the unique gene families of M. polymorpha subsp. ruderalis (MPO) against the
protein genes and the noncoding regions of genome assemblies of three closely
related Marchantia species/subspecies with an e-value threshold of 1 x 10° and
1x107" for BLASTP and BLASTN searches, respectively. Inaandb, the error

bar denotes the s.d. among different samples. In a, d-g, the number of genes
analyzed for P. patensis n=20,506 (core), n=4,257 (accessory) and n = 5,811
(unique). For M. polymorpha, the corresponding numbers are n =11,723 (core),
n=3,181(accessory) and n = 4,383 (unique).Ind, f,gand h, each dot/square
denotes the median value, thick solid line indicates the interquartile range (IQR)
and the dashed lines represent the whiskers.

Nature Genetics


http://www.nature.com/naturegenetics

Article

https://doi.org/10.1038/s41588-025-02325-9

W\ T | &
< | |
o
3|
ES
5 o
©
Y
E
S
)
<4
— O
Ny
> TR
® ~
[N
6 S
49 9 C)
N £
68
7
& 9%
oD g 0,953
© P &
5 ead og%%% o, 07, 7

94

~
<

Extended DataFig. 5| Phylogenetic tree of FBT (fungal body lectin domain
PF07367 containing) proteins and insect toxicology experiments. a, Maximum
likelihood (ML) tree of FBT proteins in bryophytes inferred with IQtree2 with

ML method based on the aligned amino acid sequences. The best-fit model

was estimated by ModelFinder and branch support values were assessed with
UFBoot2 tests. Bootstraps were only shown on stem branches. Subclades

of mosses, liverworts and fungi were highlighted in green, blue and orange,
respectively. Star labeled Acrolejeunea sandvicensis from which the gene 888
jg2710.t1 was used for insect toxicology experiments. b, Growth rate (in weight
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plants, and hypersensitive response (HR) experiments. a, Comparison of the AANG_009324. T,NL: Funaria hygrometrica, gene ID:jg20677.t1. NHAT: Marchantia
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Sample size For 123 genome sequencing, a single collection was used for each bryophyte species. This sample size was chosen to cover the current ordinal
diversity of bryophytes. For insect toxicology experiment, 14 samples were used for each treatment. This sample size was chosen based on
the need to achieve sufficient statistical power to detect significant effects while considering the practical constraints of rearing and testing a
large number of insects.

Data exclusions  All bryophyte species sampled were presented, no data were excluded.

Replication For genome sequencing, the data were generated from a single collection for each species, no replication was applied. For transcriptome
sequencing and insect toxicity experiment, three biological replicates were used.

Randomization  For genome sequencing, the data were generated from a single collection for each species, no randomizations were required. For insect
toxicology experiment, samples were randomly allocated into three groups for each treatment.

Blinding For genome sequencing, the data were generated from a single collection for each species, no blinding experiment was performed. For insect
toxicology experiment, no blinding experiment was performed. While the treatments were randomly assigned and replicated biologically, the
distinct differences in appearance between the toxin and PBS diets made blinding impractical for both the researchers and the insects.
However, we ensured experimental rigor through standardized procedures, independent data recording, and robust statistical analysis to
minimize potential biases and validate our results.
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