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Supplementary methods 

OneKP transcriptome annotation 

A total of 264 transcriptomes from non-angiosperm species were collected from the 1KP project 

(https://db.cngb.org/onekp/). For each transcriptome, ORFs were predicted using TransDecoder 

v5.5.0 (http://transdecoder.github.io) with default parameters. Then, predicted ORFs were 

subjected to BLASTp v2.7.1+66 and PFAM searches against the Uniprot (accessed 11/2018) and 

PFAM v3267 database. Results of BLAST and PFAM searches were used to improve final 

annotation and coding-sequence prediction.  

Phylogeny and sequence analysis 

Phylogenetic analysis of candidate genes. Homologs of each candidate genes (Supplementary 

Table 2) were retrieved from the SymDB database with the tBLASTn algorithm v2.9.0+66 with e-

value no greater than 1e-10 (e-value threshold was adapted for highly duplicated gene families) 

and using the protein sequence from Medicago truncatula as query. To remove short and partial 

transcript that are abundant in the transcriptomes from the 1KP project, shorter transcript than 

60% of the M. truncatula query were removed prior alignment. Sequences were aligned using 

MAFFT v7.40768 with default parameter and the resulting alignments trimmed using trimAl 

v1.2rev5769 to remove all positions with more than 20% of gaps. Cleaned alignments were 

subjected to Maximum Likelihood (ML) approach using the IQ-TREE software v1.6.770. Prior to 

ML analysis, best-fitted evolutionary model was tested for each alignment using ModelFinder71 as 

implemented in IQ-TREE. Branch support was tested with 10,000 replicates of SH-alrt72. From 

these initial phylogenies, clade containing the candidate genes were extracted, removing distant 

homologs, and a new phylogenetic analysis performed as described above. Trees were visualized 

and annotated using the iTOL v4.4.273. Following gene phylogenies, for genes missing from 

sequenced genomes, the tBLASTn search was repeated on the genome assembly. This lead to 

the identification of a number of non-annotated genes that are summarized in Supplementary 

Table 6, and included in Figure 1 and Supplementary Figure 1.  

Synteny analysis. For the genes for which orthologs/homologs were not found in in the genome 

and transcriptome of M. polymorpha ssp. ruderalis, more detailed searches in the genomes of M. 

http://transdecoder.github.io/


polymorpha ssp. ruderalis, M. polymorpha ssp. polymorpha and M. polymorpha ssp. monitvagans 

were conducted. To do this, the coding sequences of the respective M. paleacea genes were used 

as queries for a BLASTn search against the genome assemblies of all three M. polymorpha 

subspecies. The genomic regions were then aligned with the corresponding M. paleacea genomic 

regions for comparisons using Mauve 2.3.1 and visualized in Geneious. Following this, gene 

syntenic analysis was performed by mapping the respective transcriptome onto the M. polymorpha 

ssp. ruderalis and M. paleacea genomic regions upstream and downstream of each gene using 

Geneious. The identities of the preceding and subsequent genes were confirmed by aligning the 

M. paleacea and M. polymorpha ssp. ruderalis sequences using MAFFT68. Their functional identity 

was confirmed using BLAST through searches against the SWISSPROT database and using 

Pfam. 

Analysis of the Nelumbo CCaMK locus. Reference coding sequence of Medicago truncatula 

CCaMK was used as query to search for homolog sequence in three different Nelumbo nucifera 

genome assemblies74,75. Search was performed using the BLASTn+, with an e-value threshold set 

at 1e-10 and default parameters. For each hit in the BLAST results, 5 kb of upstream and 

downstream sequences were extracted using custom Python script. Extracted sequences were 

then aligned using MAFFT68 with the genomic reference and the coding sequences of M. 

truncatula and Oryza sativa. 

Signature of selection on CCaMK and CYCLOPS in mosses. With the exception of Takakia 

lepidozioides, mosses are not mycorrhizal76. We investigated the selection acting on CCaMK and 

CYCLOPS on the branch before the radiation of mosses but after the divergence of T. 

lepidozioides (foreground branch). We adopted branch models77 to identify differential signatures 

of selective pressure acting on the sequences between the foreground branch and the rest of the 

tree (i.e. background branches) and branch-site models78 to identify differential signatures of 

selective pressures acting on specific sites between foreground and background branches. These 

models are implemented in the codeml program79 using ete-evol program80. In addition to the 

branch model, we also used the RELAX program81 to look for relaxation (K<1) or intensification 

(K>1) of the strength of selection acting on the non-mycorrhizal mosses (mosses clade without T. 

lepidozioides) compared to the rest of the tree. These methods calculate different synonymous 

and nonsynonymous substitution rates (ω =
𝑑N
𝑑S

 ) using the phylogenetic tree topology for both 

foreground and background branches. Because (i) the programs used do not accept gap in codon 

sequences and (ii) there is a negative correlation between the number of sequences and the 

number of ungapped positions, we used different number of sequences for each analysis. Protein 



sequences from CCaMK and CYCLOPS orthologs were aligned using MUSCLE v3.8.382. Short 

sequences were excluded to maximize sequence number while limiting gapped positions 

compared to CCaMK/CYCLOPS sequences of T. lepidozioides using a custom R script83. We 

opted for 124 sequences for CCaMK and 121 sequences for CYCLOPS corresponding to 1092 

and 552 nucleotide positions, respectively (Supplementary Table 3). We used likelihood-ratio test 

(LRT) to assess significance between models ran with codeml. For the branch model, we compare 

likelihoods from the “b_free” and “M0” models to determine if the ratios are different between 

background and foreground branches77 (p-val>0.05 : ωf oreground and ωbackground are not different, p-

val<0.05 : ωf oreground and ωbackground are different). We also compared likelihoods from the “b_free” 

and “b_neut” models to determine if the ratio on the foreground branch is not neutral77 (p-val>0.05: 

no signature of selection on foreground (neutral), p-val<0.05 and ωf oreground<1: signature of 

negative/relaxed selection on foreground, p-val<0.05 and ωf oreground>1: signature of positive 

selection on foreground). For the branch-site model, we compare likelihoods from the “bsA” and 

“M1” models to determine if the selection pressure is relaxed on sites on the foreground branch78 

(p-val<0.05: signature of relaxed selection on sites on foreground). We also compared likelihoods 

from the “bsA” and “bsA1” models to determine if there are sites under positive selection on the 

foreground branch78 (p-val<0.05: signature of positive selection on specific sites on foreground).  

MpoCCaMK and MpoCYCLOPS pseudogenes in wild populations 

Plant material and DNA extraction. Samples from a total of 35 accessions of Marchantia 

polymorpha (Supplementary Table 4) were collected. Approximately 0.1 g of cleaned young thalli 

was reduced to a fine powder in liquid nitrogen and cleaned as follow. First, 1 ml of cleaning STE 

buffer (Sucrose 0.25 M, Tris-HCl 0.03 M at pH=7.5 and EDTA 0.05M at pH=7.5) was added to the 

powder and the mixture was thoroughly vortexed. After 5 min of centrifugation at 14, 000 rpm for 

5 min, the supernatant was removed. Washes with STE buffer were repeated until the red 

coloration was completely gone. Subsequent DNA extraction was performed using a CTAB 

method58.  

PCR and sequencing. Putative MpoCCaMK and MpoCYCLOPS genomic sequences (1 kb) were 

amplified by PCR using GoTaq polymerase (Promega) according to manufacturer’s protocol. 

Primers used were (MpoCCAMK fwd GGTCATCTTGTACATTCTCCT, rev 

CTTGCTACTGAAGATACTTGCA; MpoCYCLOPS fwd CAGCACCCTCAAAACTTAGAGT, 

MpoCYCLOPS rev CCCAGCTGTTACCTTAAGAAG). After amplification, PCR products were 

sent for Sanger sequencing at Eurofins (Germany) using the PCR forward and reverse primers of 

the two genes. Sanger sequences were assembled using the Tracy software v0.5.5 and aligned 



using MUSCLE82 v3.8.3 with genomic CCaMK and CYCLOPS sequences from the three 

Marchantia polymorpha subspecies. 

Mycorrhization assays 

Material and growth conditions. Thalli of Marchantia paleacea, Marchantia polymorpha ssp. 

ruderalis (TAK1), Marchantia polymorpha ssp. polymorpha (MppBR5) and Marchantia 

polymorpha ssp. montivagans (MpmSA2) were grown on a substrate containing 50% Oil‐Dri UK 

(Damolin, Etrechy, France) and 50% sand (0.7–1.3 mm) in 9x9x8 cm pots (5 thalli per pot, 5 pots 

per species/subspecies). Each pot was inoculated with 1000 sterile spores 

of Rhizophagus irregularis DAOM 197198 (Agronutrition Labège, France), grown at a 16h/8h 

photoperiod at 22°C/20°C and watered once a week with ½ Long Ashton medium containing 

7.5 μM of phosphate84. 

Microscopic phenotyping. After 8 weeks of colonization, thalli were harvested Sections of the thalli 

were made by hand or using a Leica vt1000s vibratome (100µm sections) on thalli included in 6% 

agarose. Sections were cleared in 10% KOH overnight and ink colored one hour in 5% Sheaffer 

ink, 5% acetic acid. Sections were observed under a microscope and pictures of representative 

sections were taken with a Zeiss Axiozoom V16 microscope. 

Molecular phenotyping. After 8 weeks of colonization, portions of 5 thalli per condition were 

harvested and frozen in liquid nitrogen. DNA was extracted from frozen thalli material as described 

in Edwards85. PCR was performed using GoTaq polymerase (Promega) following manufacturer 

instructions on the M. polymorpha Elongation factor-1 alpha (Mapoly0024s0116, fwd 

CGACCACTGGTCACCTTATC, rev AACCTCAGTGGTCAGACCG) and on the Rhizophagus 

irregularis Elongation factor-1 alpha (Rhiir2_1_GeneCatalog_transcripts_20160502.nt, fwd 

TGTTGCTTTCGTCCCAATATC, rev CTCAACACACATCGGTTTGG) 

Medicago truncatula root assays 

Plasmid construction. The Golden Gate modular cloning system was used to prepare the plasmids 

as described in Schiessl et al86. Levels 0 and 1 used in this study are listed in Supplemental Table 

6 and held for distribution in the ENSA project core collection (https://www.ensa.ac. uk/). We used 

L1 plasmid piCH4781187, L1 construct L1M-R1-pAtUBI-DSred-t35S23 and L2 acceptor backbone 

EC50507. Sequences were domesticated (listed in Supplemental Table 7) synthesized and cloned 

into pMS (GeneArt, Thermo Fisher Scientific, Waltham, USA). 



Activation of pENOD11:GUS by CCaMK orthologs. Constructs containing CCaMK-K were 

transformed in A. rhizogenes A4TC24 by electroporation. Transformed strains were grown at 28°C 

in Luria-Bertani medium supplemented with rifampicin and kanamycin (20 µg/mL). M. truncatula 

pENOD11:GUS L416 roots88, were transformed with the different CCaMK-K as described by 

Boisson-Dernier et al.89, and grown on Fahraeus medium for 2 months, selected with the DsRed 

marker present in all the constructs and GUS stained as in Vernié et al90. 

Trans-complementation assays. The MedtruCCaMK null allele dmi3-191 and MedtruCYCLOPS 

null allele ipd3-192 were used in this study. Roots were transformed as described above with the 

various CCaMK and CYCLOPS constructs respectively (Supplementary Table 7). For nodulation 

assays, M. truncatula plants with DsRed positive roots were transferred in pots containing Zeolite 

substrate (50% fraction 1.0-2,5mm, 50% fraction 0,5-1.0-mm, Symbiom) and watered with liquid 

Fahraeus medium. Wild-type S. meliloti RCR2011 pXLGD4 (GMI6526) was grown at 28°C in 

tryptone yeast medium supplemented with 6 mM calcium chloride and 10 µg/mL tetracycline, 

rinsed with water and diluted at OD600=0.02. Each pot was inoculated with 10 ml of bacterial 

suspension. Two independent biological replicates were conducted for ccamk and cyclops 

complementation assays. For ccamk, one biological assay was harvested at 26DPI and scored 

for the ratio of infected nodules after X-Gal staining, and one at 42DPI scored for the total nodule 

number. For cyclops, one biological assay was harvested at 32DPI and one at 49 DPI, both were 

scored for infected nodules after X-Gal staining and the ratio of fully infected nodules out of the 

total number of nodules was calculated and used on the box plot (both biological replicates 

combined). 
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Supplementary Figure 1: Detailed view of Figure 1 with species name added on terminal branches.
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Supplementary Figure 2: Maximum likelihood tree of RAD1.
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Supplementary Figure 3: Maximum likelihood tree of STR1/STR2.
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Supplementary Figure 4: Maximum likelihood tree of RAM1.
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Supplementary Figure 5: Maximum likelihood tree of ABCB12.
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Supplementary Figure 6: Maximum likelihood tree of ABCB20.
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Supplementary Figure 7: Maximum likelihood tree of DHY.
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Supplementary Figure 8: Maximum likelihood tree of HYP2.
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Supplementary Figure 9: Maximum likelihood tree of KinF.
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Supplementary Figure 10: Maximum likelihood tree of HYP4.
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Supplementary Figure 11: Maximum likelihood tree of pp2a.
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Supplementary Figure 12: Maximum likelihood tree of DnaJ.
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Supplementary Figure 13: Maximum likelihood tree of CCaMK.
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Tree scale: 0.1



Treori lc
l JXTC01000034.1 PON97099.1 7150

C
uc

m
os

 C
m

oC
h0

8G
00

03
80

.1

A
usspi 20

79887 B
T

T
S

 C
on

ifers.p1

Capann CA02g24350

D
ipcon 2108677 M

E
K

P
 Leptosporangiate M

onilophytes.p1

S
elm

oe 131152

Pruper Prupe.6G209400.1

Ph
ae

qu
 P

EQ
U

 0
44

66

Den
ca

t l
cl 

NW
 0

21
31

90
89

.1
 X

P 0
20

67
75

96
.1

 1
14

26

Potmic 31778 t

Zeamay Zm00008a029124

Maldom MDP0000235629

Phacar 2015928 WCZB Hornworts gametophyte.p1

Pruavi Pav sc0004578.1 g110.1.mk

O
sm

jav 2078984 V
IB

O
 Leptosporangiate M

onilophytes.p1

La
gs

ic 
Ls

i09
G01

78
90

.1

Parand lcl JXTB01000482.1 PON38885.1 30914

N
eo

pa
n 

20
72

44
6 

JD
Q

B
 C

on
ife

rs
.p

1

Pyrcom PCP025047.1

P
ha

vu
l P

hv
ul

.0
02

G
14

34
00

.1

A
th

cu
p 

20
11

07
5 

X
IR

K
 C

on
ife

rs
.p

1

C
uc

pe
p 

C
p4

.1
LG

17
g0

95
70

.1

C
ep

ha
r 

20
91

88
3 

W
Y

A
J 

C
on

ife
rs

.p
1

Orys
at L

OC O
s0

7g38070.1

Helann HanXRQChr09g0262871

T
ris

ub
 lc

l D
F

97
38

00
.1

 G
A

U
40

3
27

.1
 2

93
85

Cucm
el M

ELO3C022378.2.1

Pelnee 2015521 JHFI Liverworts.p1

M
om

ch
a 

lc
l N

W
 0

19
10

46
24

.1
 X

P
 0

22
15

53
35

.1
 2

50
76

A
rarul 2006434 X

T
Z

O
 C

onifers.p1

Cuc
m

ax
 C

m
aC

h0
8G

00
03

80
.1

M
edtru M

trunA
17 C

hr5g0411631

Pyrbre lcl NW 008988233.1 XP 009371365.1 23157

M
im

pud
M

im
pu9946S28982

A
rahyp arahy.Tifrunner.gnm

1.ann1.TB
ZT1P.1

Setita
 Seita.2G357100.1

A
radur A

radu.Q
4W

IY

C
asaus C

astanosperm
um

23651-PA

Riccom 28333.m000564

V
ig

un
g 

V
ig

un
02

g0
88

50
0.

1

A
rahyp arahy.T

ifrunner.gnm
1.ann1.S

Z
7D

6R
.1

Pyrbre lcl NW 008988155.1 XP 009364823.1 17170

P
ilu

vi
 2

00
76

79
 E

TC
J 

C
on

ife
rs

.p
1

T
ripra T

p5757
7 T

G
A

C
 v2 m

R
N

A
3835

4

Prumum lcl NC 024126.1 XP 008236625.1 1968

D
is

ar
c 

20
16

78
0 

G
K

C
Z 

C
on

ife
rs

.p
1

M
im

pud M
im

pu26253S21138

Petaxi Peaxi162Scf00703g00117.1

Humlup HL.SW.v1.0.G
001340.1

B
eg

fu
c 

B
eg

fu
84

8S
14

14
4

M
arpal scaff5907 FG

enesh2.1 D
en

ca
t l

cl
 N

W
 0

21
31

88
23

.1
 X

P 
02

06
92

12
5.

1 
65

77

Solpen Sopen02g036210.1

Roschi RchiOBHm Chr2g0110021

O
phvul 2008350 Q

H
V

S
 E

usporangiate M
onilophytes leaf.p1

A
radur A

radu.P
8M

S
W

M
arpal 2012404 LFVP Liverworts 2 sam

ples com
bined.p1

V
ig

ra
d 

V
ra

di
11

g0
90

90
.1

Te
ts

p.
 2

01
15

43
 C

G
D

N
 C

on
ife

rs
.p

1

C
ha

la
w

 2
00

98
31

 A
IG

O
 C

on
ife

rs
.p

1

Helann HanXRQChr11g0324421

Fraexc FRAEX38873 v2 000029260.1

Casgla Casgl291S14102

M
om

ch
a 

lc
l N

W
 0

19
10

46
24

.1
 X

P 
02

21
55

33
4.

1 
25

07
5

C
asaus C

astanosperm
um

23040-PA

C
ep

ha
r 

21
13

29
0 

N
V

G
Z

 C
on

ife
rs

 2
 s

am
pl

es
 c

om
bi

ne
d.

p1

Manesc Manes.12G121400.1

Casmol maker-scaffold05713-augustus-gene-0.12-mRNA-1

Cercan Cerca9S31708

Ph
ae

qu
 P

EQ
U

 0
56

18

Maldom MDP0000322681

Bradis 
Bradi1g24287.2

G
ly

m
ax

 G
ly

m
a.

09
G

20
23

00
.1

Cuc
sa

t e
vm

.m
od

el.
Chr

6.
71

5

Sollyc Solyc02g091590.2.1

S
elsta 2002893 Z

Z
O

L Lycophytes.p1

A
rarul 2006433 X

T
Z

O
 C

onifers.p1

C
icari C

a 24300.1

Prudul Prudul26A002329P1

Phacar 2024783 RXRQ Hornworts sporophyte.p1

A
m

bt
ri

ev
m

 2
7.

m
od

el
.A

m
Tr

 v
1.

0 
sc

af
fo

ld
00

04
6.

16
2

Den
ca

t l
cl 

NW
 0

21
31

90
89

.1
 X

P 0
20

67
75

92
.1

 11
42

4
Poptri Potri.007G004700.1

Anaco
m A

co
00211

6.1

Fraana FAN iscf00085812.1.g00001.1

C
aj

ca
j C

ca
ja

n 
12

29
5

C
un

la
n 

20
19

98
3 

Z
Q

V
F

 C
on

ife
rs

 2
 s

am
pl

es
 c

om
bi

ne
d.

p1

Fraves FvH4 1g19010.1

Lo
tja

p 
Lj

2g
3v

14
67

92
0.

1

Monuni 2096287 LRTN Core Eudicots-Asterids.p1
F

altax 2018563 P
LY

X
 C

onifers 2 sam
ples com

bined.p1

Dist
ri D

ist
r2147S18399

M
arpal 2012405 LFVP Liverworts 2 sam

ples com
bined.p1

M
arpal 2007657 IH

W
O

 Liverw
orts m

ycorrizal.p1

Daucar DCAR 010758

D
at

gl
o 

D
at

gl
11

5S
18

97
6

Scanem 2168092 IRBN Liverworts.p1

N
issch N

issc593S10677

Thecac Thecc1EG000924t1

O
sm

sp. 2009606 U
O

M
Y

 Leptosporangiate M
onilophytes gam

etophyte.p1

Fraexc FRAEX38873 v2 000029260.2

Lupang Lup025527.1

Querob Qrob P0386880.2

Nicben Niben101Scf01477g00020.1

Alnglu Alngl603S33230

A
m

ea
rg

 2
02

5
94

1 
IA

JW
 C

on
ife

rs
.p

1

Ta
ic

ry
 2

01
26

34
 Q

S
N

J 
C

on
ife

rs
.p

1

A
raipa A

raip.C
87U

1

A
rahyp arahy.T

ifrunner.gnm
1.ann1.5K

C
586.1

V
ig

an
g 

vi
ga

n.
Va

ng
00

02
ss

02
21

0.
1

Citsin orange1.1g002943m

N
agnag

2010568 U
U

JS
 C

onifers.p1

Gosrai Gorai.008G088500.1

Horvul H
ORVU2Hr1G058820.30

Pyrbre lcl NW 008988912.1 XP 009345866.1 42030

S
elm

oe 31809

G
inbil G

b 30966

Treori lc
l JXTC01000034.1 PON97098.1 7149

Daucar DCAR 025861

C
ep

ha
r 

20
07

50
3 

G
JT

I C
on

ife
rs

.p
1

T
ripra T

p5757
7 T

G
A

C
 v2 m

R
N

A
3828

6

Fraana FAN iscf00091613.1.g00002.1

Phacar 2142153 RXRQ Hornworts sporophyte.p1

P
ha

vu
l P

hv
ul

.0
02

G
11

62
00

.1

Sorbic Sobic.002G343100.1

Pelepi 2015132 PIUF Liverworts.p1

Drydru Drydr303S03268

Den
ca

t lc
l N

W
 0

21
31

90
89

.1
 X

P 0
20

67
75

93
.1

 11
42

5

Citla
n 

Cla
00

70
76

Fraexc FRAEX38873 v2 000294710.1

Carpap evm.model.supercontig 129.17

Nicben Niben101Scf00069g12007.1

Rubocc Bras G11214

M
us

ac
u 

GSM
UA A

ch
r9

T09
20

0 
00

1

M
arpal 2011505 H

M
H

L Liverw
orts non m

ycorrizal.p1

Pyrcom PCP044647.1

Citcle Ciclev10024877m

R
etm

in 20
72494 V

G
S

X
 C

onifers.p1

Rhofor TRINITY DN55924 c0 g4 i1.p1

N
issch N

issc524545S
27149

Concon 2006700 ILBQ Liverworts.p1

Arahyp arahy.Tifrunner.gnm
1.ann1.5W

9Q
31.1

Jugreg g49007.t1

A
raipa A

raip.3F
2C

7

G
ly

m
ax

 G
ly

m
a.

01
G

02
01

00
.1

Zizj
uj lc

l N
C 029686.1 X

P 024931923.1 22595

10
0

100

100
96.1

10
0

98.7

99
.3

100

100

100

10
0

87.5

100

94.5

100

80

97.4

100

85.2

99.3

94
.1

10
0

100

99
.2

92
.6

95.9

99.3

10096.5
99.1

100

99.9

92.4

96.5

96
.9

100

95.1

10
0

100

100

99.8

98.4

82
.2

99.9

100

94.2

100

99
.9

85.3

10
0

83.2

98.8

100

96.5

96.9

80.8

97.5

10
0

97.5

94
.4

10
0

96
.8

99

99
.4

99.5

100

91.1

100

93
.2

99.7

10
0

97.2

99
.9

99.3

99
.8

10
0

100

100

95

100

100
100

99
.9

99.4

99.9

99.7

100

10
0

100

10
0

100

100

98
.6

100

97

100

97
.7

100

100

100

95
.7

10
0

100

89.8

99.9

95.9

99.8

99.9

99.6

99
.7

91

99.5 100

98.2

100

100
100

96.4

100

99
.2

99

85.6

100

Tree scale: 0.1

Supplementary Figure 15: Maximum likelihood tree of SymRK.
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Supplementary Figure 16: Maximum likelihood tree of HYP.
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Supplementary Figure 17: Maximum likelihood tree of HYP3.
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Supplementary Figure 18: Maximum likelihood tree of CCD.
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Supplementary Figure 19: Maximum likelihood tree of RFCa/RFCb.
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Supplementary Figure 20: Maximum likelihood tree of KinG1/KinG2.
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Supplementary Figure 21: Maximum likelihood tree of VAPYRIN/VAPYRIN-like.
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Supplementary Figure 22: Maximum likelihood tree of LIN/LIN-like.

LIN

LIN-like



C
as

m
ol

 m
ak

er
-s

ca
ffo

ld
02

50
1-

au
gu

st
us

-g
en

e-
0.

35
-m

R
N

A
-1

F
altax 2009

184 Q
H

B
I C

onifers A
.p1

Pyrcom PCP015836.1

Schisp. 2015499 LG
O

W
 Liverw

orts.p1

C
itl

an
 C

la
02

29
30

D
en

ca
t l

cl
 N

W
 0

21
31

90
83

.1
 X

P 
02

85
50

90
2.

1 
10

18
5

D
ip

co
n 

20
14

95
5 

M
E

K
P

 L
ep

to
sp

or
an

gi
at

e 
M

on
ilo

ph
yt

es
.p

1

P
hypat P

p3c24 1450V
3.1

D
icsco 2102620 N

G
T

D
 M

osses.p1

O
dopro 2008590 Y

B
Q

N
 Liverw

orts.p1

Casaus Castanospermum16457-PA
Cercan Cerca418S24048

A
na

co
m

 A
co

01
12

08
.1

Roschi RchiOBHm Chr7g0220721

T
hy

el
e 

21
23

53
0 

E
W

X
K

 L
ep

to
sp

or
an

gi
at

e 
M

on
ilo

ph
yt

es
.p

1

Medtru MtrunA17 Chr7g0276651

M
etcra 2008137 N

R
W

Z Liverw
orts.p1

Jugreg g50723.t1

Vigung Vigun06g235400.1

D
en

ca
t l

cl
 N

W
 0

21
31

85
66

.1
 X

P
 0

20
68

91
59

.1
 1

73
1

E
ncbar 2015334 G

N
Q

G
 C

ycadales.p1

Casaus Castanospermum16718-PA

Citlan Cla022948

Poptri P
otri.0

19G113433.1

S
ol

pe
n 

S
op

en
10

g0
13

89
0.

2

S
al

cu
c 

S
ac

u 
v1

.1
 s

00
34

.g
01

12
00

A
m

bt
ri 

ev
m

 2
7.

m
od

el
.A

m
Tr

 v
1.

0 
sc

af
fo

ld
00

06
6.

17
2

B
et

vu
l B

v6
 1

44
16

0 
zz

tn
.t2

Zizjuj lcl NC 029679.1 XP 015870059.1 4114

Thecac Thecc1EG019847t1

Solpen Sopen03g013340.1

Prumum lcl NC 024127.1 XP 008223608.1 8328

P
hyhyp 2014230 JR

N
A

 C
onifers.p1

Ricc
om

 2
97

65
.m

00
07

55

Glymax Glyma.16G003300.1

S
axcon 2014320 Q

C
G

M
 C

onifers.p1

Fraexc
 FRAEX38873 v2

 00011
9360.3

Pyrbre lcl NW 008988113.1 XP 009360012.1 12839

Solpen Sopen03g013350.1

C
ys

re
e 

20
10

83
5 

R
IC

C
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

.p
1

Taklep 2009340 S
K

Q
D

 M
osses.p1

Potmic 13174 t

Phacar 2019311 RXRQ Hornworts sporophyte.p1

C
ephar 2000310 N

VG
Z C

onifers 2 sam
ples com

bined.p1

Arahal A
raha.7363s0009.1

Drydru Drydr34S20655

Humlup HL.SW.v1.0.G020131.1

Glymax Glyma.19G263500.1

Prudul Prudul26A018806P1

C
uc

m
os

 C
m

oC
h0

4G
01

96
00

.1

Tripra Tp57577 TGAC v2 mRNA2184

S
ynpri 2021658 G

R
K

U
 M

osses.p1

G
os

ra
i G

or
ai

.0
05

G
26

52
00

.1

Maldom MDP0000687888

Lotjap Lj6g3v2275010.1

Cercan Cerca521S26257

Humlup HL.SW.v1.0.G019005.1

Fraana FAN iscf00028836.1.g00001.1

M
ictet 2007904 M

HG
D Conifers.p1

Piluvi 2003548 ETC
J C

onifers.p1

Capann CA03g13650

Maldom MDP0000379735

S
canem

 2168202 IR
B

N
 Liverw

orts.p1

Sphpal 2005585 RCBT Mosses.p1

Ph
ae

qu
 P

EQ
U

 0
85

90

Cercan Cerca38S23201

C
ycm

ic C
M

I00010981

S
ol

ly
c 

S
ol

yc
10

g0
44

89
0.

1.
1

La
gs

ic
 L

si
04

G
00

71
60

.1

C
unlan 2000427 ESYX

 C
onifers branch apex w

ith needles.p1

Phacar 2011663 WCZB Hornworts gametophyte.p1

M
etcra 2008139 N

R
W

Z Liverw
orts.p1

C
uc

pe
p 

C
p4

.1
LG

01
g1

64
10

.1

Trisub lcl DF973288.1 GAU24399.1 13457

Megfla 2009915
UCRN Hornworts.p1

Cucmos CmoCh04G019430.1

Tim
aus 2011279 Z

Q
R

I M
osses.p1

Momcha lcl NW 019104570.1 XP 022151988.1 21898

Set
ita

 S
ei

ta
.9

G
01

56
00

.1

D
en

ca
t l

cl
 N

W
 0

21
31

90
83

.1
 X

P 
02

06
99

56
0.

1 
10

18
3

Fraana FAN iscf00112479.1.g00001.1

P
se

ca
r 

20
02

25
8 

U
P

M
J 

Ly
co

ph
yt

es
.p

1

S
or

bi
c 

S
ob

ic
.0

03
G

37
02

00
.1

Fraana FAN iscf00047156.1.g00001.1

Pruavi Pav sc0001196.1 g880.1.mk

Poptri P
otri.0

19G097000.1

Leujul 2003728
 IG

U
H

 M
osses.p1

O
sm

ja
v 

20
03

46
6 

V
IB

O
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

.p
1

D
ia

ca
r 

D
ca

18
39

0.
1

A
ln

gl
u 

A
ln

gl
35

1S
25

18
4

C
ephar 2005741 W

YAJ C
onifers.p1

Roschi RchiOBHm Chr7g0218571

Hor
vu

l H
O

RVU5H
r1

G
12

03
40

.1
2

H
edcil 2051821 Y

W
N

F
 M

osses.p1

Pruper Prupe.1G577700.1

Aratha AT5G49960.1

C
ul

m
ac

 2
02

62
24

 P
N

Z
O

 L
ep

to
sp

or
an

gi
at

e 
M

on
ilo

ph
yt

es
.p

1

Ta
rhas l

cl 
NW

 010960764.1 X
P 010527699.1 4454

M
om

ch
a 

lc
l N

W
 0

19
10

45
70

.1
 X

P 
02

21
51

83
7.

1 
21

87
6

M
an

es
c M

an
es

.0
7G

02
34

00
.2

Pop
tri

 P
ot

ri.
00

3G
00

88
00

.1

Pelepi 2016395 PIUF Liverworts.p1

P
se

ca
r 

20
02

25
7 

U
P

M
J 

Ly
co

ph
yt

es
.p

1

Notvin 2010166 TCBC Hornworts.p1

Taicry 2003354 Q
S

N
J C

onifers.p1

H
up

lu
c 

20
24

19
0 

G
K

A
G

 L
yc

op
hy

te
s.

p1

Brarap Brara.B01595.1

G
inbil G

b 08564

P
seele 2005887 Q

K
Q

O
 M

osses.p1

Treori lcl JXTC01000170.1 PON83935.1 20233

Fra
exc

 F
RAEX38873 v2

 00011
9360.2

C
uc

m
ax

 C
m

aC
h0

4G
01

86
20

.1

Taicry 2003355 Q
S

N
J C

onifers.p1

D
accom

 2005810 F
M

W
Z

 C
onifers.p1

Medtru MtrunA17 Chr2g0277131

Cits
in 

or
ang

e1
.1g

002
47

5m

Ta
rh

as l
cl 

NW
 010960764.1 X

P 010527697.1 4449

C
uc

sa
t e

vm
.m

od
el

.C
hr

5.
20

66

Dau
ca

r D
CAR 0

28
97

0

C
ephar 2012134 G

JTI C
onifers.p1

D
en

ca
t l

cl
 N

W
 0

21
31

90
83

.1
 X

P 
02

85
50

90
3.

1 
10

18
6

Begfuc Begfu7312S40424

O
ry

sa
t L

O
C O

s0
3g

62
65

0.
1

C
alm

ac 2002500 R
M

M
V C

onifers M
arch.p1

B
et

vu
l B

v6
 1

44
16

0 
zz

tn
.t1

Capann C
A00g86490

Pyrcom PCP010379.1

Fraana FAN icon19961561.1.g00001.1

D
en

ca
t l

cl
 N

W
 0

21
31

90
83

.1
 X

P 
02

06
99

55
9.

1 
10

18
4

P
hifon 2059497 O

R
K

S
 M

osses.p1

M
ictet 2007905 M

HG
D Conifers.p1

Lotjap Lj1g3v5061360.1

Zea
m

ay
 Z

m
00

00
8a

01
90

37

Sphfal Sphfalx0154s0016.1

Leugla 2008348 R
G

K
I M

osses.p1

R
hy

se
r 

20
04

21
7 

JA
D

L 
M

os
se

s.
p1

Citcle Ciclev10018782m

M
arpal 2065256 IHW

O
 Liverworts m

ycorrizal.p1

Roschi RchiOBHm Chr4g0405621

Carpap evm.model.supercontig 9.383

Chafas Chafa96088S30744

Sor
bic

 S
ob

ic.
00

1G
01

67
00

.1

Nissch Nissc1394S14527

Phacar 2025169 RXRQ Hornworts sporophyte.p1

M
etgly 2010720 N

R
X

L C
onifers.p1

Fraexc
 FRAEX38873 v2

 00011
9360.1

N
eopan 2010546 JD

Q
B

 C
onifers.p1

Leubra 201044
0 Z

A
C

W
 M

osse
s.p1

Petaxi 
Peaxi1

62Scf0
0883g00321.1

M
an

es
c M

an
es

.0
7G

02
34

00
.1

O
ry

sa
t L

O
C

 O
s0

1g
64

98
0.

1
Parhal 2003947 FAJB Hornworts.p1

Fraana FAN iscf00030548.1.g00001.1

Schisp. 2015497 LG
O

W
 Liverw

orts.p1

N
ecdou 20

20431 T
M

A
J M

osses.p1

O
sm

sp
. 2

00
46

26
 U

O
M

Y
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

 g
am

et
op

hy
te

.p
1

D
au

ca
r 

D
C

A
R

 0
06

67
5

Capann CA00g96410

R
etm

in 2012900 V
G

S
X

 C
onifers.p1

Taklep 2010141 SKQD Mosses.p1

Sollyc Solyc03g059150.2.1

F
ra

ex
c 

F
R

A
E

X
38

87
3 

v2
 0

00
06

72
10

.1

Cep
fo

l C
fo

l v
3 

29
94

9

A
no

at
t 2

06
1

77
4 

Q
M

W
B

 M
o

ss
es

.p
1

Fraves FvH4 4g10120.1

Lupang Lup014919.1

Ta
rh

as l
cl 

NW
 010960764.1 X

P 010527698.1 4453

A
cm

pan 2019156 H
ILW

 C
onifers.p1

Leujul 2003727
 IG

U
H

 M
osses.p1

Fra
ex

c F
RAEX38

87
3 v

2 0
001

19
37

0.1

Zizjuj lcl NC 029679.1 XP 015870075.1 4116

M
us

ac
u 

G
S

M
U

A
 A

ch
r7

T
23

14
0 

00
1

Parand lcl JXTB01000271.1 PON48776.1 23481

Datglo Datgl3865S29648

Pyrbre lcl NW 008988079.1 XP 009355444.2 8465

Drydru Drydr411S21715

D
en

ca
t l

cl
 N

W
 0

21
31

90
83

.1
 X

P 
02

85
50

90
4.

1 
10

18
7

Ly
gj

ap
 2

07
91

66
 P

B
U

U
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

.p
1

Tim
aus 2011280 Z

Q
R

I M
osses.p1

Chafas Chafa1019S13516

M
ixspe 2161170 N

W
Q

C
 Liverw

orts.p1

Zizjuj lcl NC 029679.1 XP 015870066.1 4117

Citc
le C

icl
ev1

0000208m

O
sm

sp
. 2

00
55

20
 U

O
M

Y
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

 g
am

et
op

hy
te

.p
1

A
uschi 2006321 Y

Y
P

E
 C

onifers.p1

Fraana FAN iscf00369244.1.g00001.1

C
ys

fra
 2

01
33

43
 L

H
LE

 L
ep

to
sp

or
an

gi
at

e 
M

on
ilo

ph
yt

es
.p

1

Retm
in 2013020 VG

SX Conifers.p1

Glymax Glyma.12G167300.1 Momcha lcl NW 019104570.1 XP 022151987.1 21900

Cicari Ca 02780.1

Casmol maker-scaffold13033-snap-gene-0.6-mRNA-1

Le
ui

m
m

 2
00

12
74

 W
G

TU
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

.p
1

Arahyp arahy.Tifru
nner.gnm1.ann1.ARQ4UL.2

C
ap

an
n 

C
A

10
g0

95
10

H
el

an
n 

H
an

X
R

Q
C

hr
06

g0
18

13
71

R
hy

se
r 

20
04

21
6 

JA
D

L 
M

os
se

s.
p1

E
ncstr 2008088 K

E
F

D
 M

osses.p1

D
en

ob
s 

20
09

79
4 

X
N

X
F

 L
yc

op
hy

te
s.

p1

C
ephar 2005739 W

YAJ C
onifers.p1

Hela
nn

 H
an

XRQChr
01

g0
02

33
21

C
alm

ac 2002501 R
M

M
V C

onifers M
arch.p1

Prudul Prudul26A013668P1

Fraves FvH4 6g26000.1

S
unam

a 2009173 K
LG

F
 C

onifers.p1

Phacar 2006408 W
CZB Hornworts gametophyte.p1

Th
ec

ac
 T

he
cc

1E
G

00
61

80
t2

Cajcaj Ccajan 17266

Rubocc Bras G04111

B
eg

fu
c 

B
eg

fu
72

4S
40

36
4

Parhal 2009689 FAJB Hornworts.p1

S
phles 2013151 G

O
W

D
 M

osses.p1

S
el

m
oe

 8
40

01

A
po

sh
e

 lc
l K

Z
45

1
98

2.
1 

P
K

A
54

94
7.

1 
13

13
2D

at
gl

o 
D

at
gl

75
4S

34
46

4

Taicry 2003353 Q
S

N
J C

onifers.p1

Gosrai Gorai.005G009000.1

Maldom MDP0000295929

A
thcup 2003216 X

IR
K

 C
onifers.p1

Solpen Sopen03g013350.2

Pruavi Pav sc0000065.1 g520.1.mk

Cephar 2012402 G
JTI Conifers.p1

P
odcor 2009007 S

C
E

B
 C

onifers.p1

Cajcaj Ccajan 11017

O
rtlye 2001289 C

M
E

Q
 M

osses.p1

Jugreg g50723.t2

H
or

vu
l H

O
R

V
U

3H
r1

G
08

26
70

.1
0

Pelnee 2005396 JH
FI Liverw

orts.p1

Ta
rhas l

cl 
NW

 010960764.1 X
P 010527694.1 4450

F
altax 2003096 P

LY
X

 C
onifers 2 sam

ples com
bined.p1

Lagsic Lsi04G007020.1

M
ancol 2009814 C

D
F

R
 C

onifers.p1

Phavul Phvul.006G218700.1

C
erpur 2001085 F

F
P

D
 M

osses.p1

Cucmax CmaCh04G018480.1

M
arpal 2010988 LFVP Liverworts 2 sam

ples com
bined.p1

C
uc

m
el

 M
EL

O
3C

01
18

22
.2

.1

Caprub Carub.0008s0986.1

Araipa Araip.V5LSC

Lotjap Lj6g3v2275020.1

Trisub lcl DF973288.1 GAU24400.1 13458

F
altax 2003095 P

LY
X

 C
onifers 2 sam

ples com
bined.p1

Pop
tri

 P
ot

ri.
00

4G
22

34
00

.1

D
ipfol 2010327 A

W
O

I M
osses.p1

A
uschi 2006322 Y

Y
P

E
 C

onifers.p1

M
egfla 2009916 UCRN Hornworts.p1

Lupang Lup029273.1

C
ys

fra
 2

09
07

63
 X

X
H

P
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

 S
te

w
ar

t.p
1

Tetsp. 2072050 C
G

D
N

 C
onifers.p1P

ha
eq

u 
P

E
Q

U
 3

06
14

P
hypat P

p3c10 22510V
3.1

Maldom MDP0000119506

Casmol maker-scaffold08388-snap-gene-0.13-mRNA-1

Mornot L484 018454

Ana
co

m
 A

co
01

13
81

.1

Riccom 29957.m001428

Prudul Prudul26A007096P1

S
coaqu 2019399 B

P
S

G
 M

osses.p1

A
gam

ac 2012543 A
C

W
S

 C
onifers.p1

Cucmel MELO3C011849.2.1

M
egfla 2009914 UCRN Hornworts.p1

A
ndrup 2009098 W

O
G

B
 M

osses.p1

Vigrad Vradi05g00040.1

Tripra Tp57577 TGAC v2 mRNA34119

D
ip

di
g 

20
06

63
3 

W
A

F
T

 L
yc

op
hy

te
s.

p1

C
alfis 2181442 R

TM
U

 Liverw
orts.p1

N
elnuc N

N
U

 04782-R
A

C
as

m
ol

 m
ak

er
-s

ca
ffo

ld
02

50
1-

au
gu

st
us

-g
en

e-
0.

34
-m

R
N

A
-1

Pyrbre lcl NW 008988113.1 XP 009360013.1 12838

P
arust 2002217 JZ

V
E

 C
onifers.p1

Fraana FAN iscf00279710.1.g00001.1

Zizjuj lcl NC 029680.1 XP 024926356.1 7274

Phacar 2019312 RXRQ Hornworts sporophyte.p1

Fraana FAN icon19424105.1.g00001.1Potmic 12086 t

C
ap

an
n 

C
A

10
g0

95
00

O
dopro 2008589 Y

B
Q

N
 Liverw

orts.p1

D
en

ca
t l

cl
 N

W
 0

21
3

18
56

6.
1 

X
P

 0
20

68
9

15
8.

1 
17

32

C
ephar 2020961 N

V
G

Z C
onifers 2 sam

ples com
bined.p1

D
en

ca
t l

cl
 N

W
 0

21
31

85
66

.1
 X

P
 0

20
68

91
55

.1
 1

73
0

Leualb 2014292 V
M

X
J M

osses.p1

Vigrad Vradi10g13330.1

B
le

sp
i 2

09
98

76
 V

IT
X

 L
ep

to
sp

or
an

gi
at

e 
M

on
ilo

ph
yt

es
.p

1

Parhal 2009688 FAJB Hornworts.p1

Momcha lcl NW 019104570.1 XP 022151986.1 21899

Car
pa

p 
ev

m
.m

od
el

.s
up

er
co

nt
ig

 1
13

.5
2

Taxbac 2008636 W
W

S
S

 C
onifers.p1

Fraana FAN iscf00185237.1.g00001.1

Parust 2040238 JZVE Conifers.p1

Ginbil Gb 17779

Le
ui

m
m

 2
00

12
72

 W
G

TU
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

.p
1

M
arpol M

apoly0173s0003.1

A
no

cl
a

 2
00

85
04

 V
B

M
M

 M
os

se
s.

p1

Capgra Cagra.2776s0020.1

Manesc Manes.02G213500.1

O
sm

sp
. 2

00
55

19
 U

O
M

Y
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

 g
am

et
op

hy
te

.p
1

Vigung Vigun09g000400.1

D
en

ca
t l

cl
 N

W
 0

21
3

18
56

6.
1 

X
P

 0
20

68
9

15
6.

1 
17

29

C
unlan 2003848 ZQ

VF C
onifers 2 sam

ples com
bined.p1

S
el

m
oe

 6
09

47

Luncru 2013251 TXVB Liverworts.p1

C
unlan 2017385 Z

Q
V

F
 C

onifers 2 sam
ples com

bined.p1

Tetpel 2017766 H
V

B
Q

 M
osses.p1

Mimpud Mimpu7200S27069

B
ra

di
s 

B
ra

di
2g

56
27

4.
2

Nicben Niben101Scf03392g01011
.1

M
arpal scaff3376 FG

enesh14.1

Zizjuj lcl NC 029679.1 XP 015870051.1 4115

G
inbil G

b 31318

S
coaqu 2019398 B

P
S

G
 M

osses.p1

C
as

gl
a 

C
as

gl
19

99
S

11
03

9

Phavul Phvul.009G263100.1

Distri Distr27S20547

Arahyp arahy.Tifrunner.gnm1.ann1.PUPF9M.2

Z
osm

ar Z
osm

a3
g00720

.1P
et

ax
i P

ea
xi

16
2S

cf
00

00
2g

02
31

9.
1

Jugreg g50723.t3

Capann CA05g20300

O
sm

ja
v 

20
78

49
5 

V
IB

O
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

.p
1

Fraana FAN iscf00215276.1.g00001.1

A
m

btri evm
 27.m

o
del.A

m
T

r v1.0 scaffold000
17.65

W
olnob 2009869 R

S
C

E
 C

onifers.p1

Lotjap Lj1g3v5061350.1

Arahyp arahy.Tifrunner.gnm1.ann1.LGEW2E.1

Cepfol Cfol v3 30246

Ta
rhas l

cl 
NW

 010960764.1 X
P 010527695.1 4451

BlaspNW
 c331267 g3 i2 m

.107637

Cucsat evm.model.Chr5.2091

D
ip

w
ic

 2
09

00
77

 U
FJ

N
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

.p
1

N
ic

be
n 

N
ib

en
10

1S
cf

01
99

3g
08

00
8.

1

Boestr
 Bostr

.15774s0
130.1

Megfla 2010566 UCRN Hornworts.p1

H
albid 2013195 O

W
F

C
 C

onifers.p1

Araipa Araip.TN563

R
acvar 2008243 R

D
O

O
 M

osses.p1 S
el

kr
a 

20
41

86
9 

Z
F

G
K

 L
yc

op
hy

te
s.

p1

Fraana FAN iscf00008774.1.g00001.1

Alnglu Alngl10396S13200

Distri Distr74S27651
Treori lcl JXTC01000400.1 PON57130.1 29448

Aradur Aradu.0FI0R

Zizjuj lcl NC 029680.1 XP 024926357.1 7273

Cucpep Cp4.1LG01g16310.1

Ap
os

he
 lc

l K
Z4

51
93

9.
1 

PK
A6

02
01

.1
 6

85
3

Vigang vigan.Vang0966s00020.2

F
altax 2009183 Q

H
B

I C
onifers A

.p1

Nicben Niben101Ctg12814g00002.1

Pelnee 2005397 JH
FI Liverw

orts.p1

C
ys

fra
 2

01
58

55
 X

W
D

M
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

 2
 s

am
pl

es
 c

om
bi

ne
d.

p1

S
ol

pe
n 

S
op

en
10

g0
13

89
0.

1

C
ry

ac
r 

20
11

04
1 

W
Q

M
L 

Le
pt

os
po

ra
ng

ia
te

 M
on

ilo
ph

yt
es

.p
1

Ju
gr

eg
 g

18
01

3.
t1

F
ra

ex
c 

F
R

A
E

X
38

87
3 

v2
 0

00
38

63
90

.1

A
ulhet 2011593 W

N
G

H
 M

osses.p1

Maldom MDP0000151400

Bra
di

s 
Bra

di
1g

02
00

0.
4

P
hyssp. 2019726 Y

E
P

O
 M

osses.p1

Arahyp arahy.Tifrunner.gnm1.ann1.XB6ANN.1

E
ncstr 2008087 K

E
F

D
 M

osses.p1

Rubocc Bras G27571

Arahyp arahy.Tifru
nner.gnm1.ann1.8IGA7D.1

Zizjuj lcl NC 029679.1 XP 015870098.1 4118

S
ce

di
s 

20
00

70
6 

E
E

A
Q

 E
us

po
ra

ng
ia

te
 M

on
ilo

ph
yt

es
.p

1

Ta
rhas l

cl 
NW 010960764.1 XP 010527696.1 4452

M
us

ac
u 

G
SM

UA 
Ach

r7
T2

37
90

 0
01

Prumum lcl NC 024127.1 XP 008218766.1 3769

Z
ea

m
ay

 Z
m

00
00

8a
01

32
01

Prumum lcl NC 024127.1 XP 008223609.1 8329

Nicb
en N

iben101Scf0
5468g02018.1

A
di

ra
d 

20
07

30
8 

B
M

JR
 L

ep
to

sp
or

an
gi

at
e 

M
on

ilo
ph

yt
es

.p
1

Araipa Araip.LQZ8D

Phacar 2011662 WCZB Hornworts gametophyte.p1

Casgla Casgl15S09157

Schisp. 2015500 LG
O

W
 Liverw

orts.p1

C
al

co
r 

20
05

79
8

 T
A

V
P

 M
os

se
s.

p1

Alnglu Alngl10396S13196

Sollyc Solyc03g059160.1.1

O
rtlye 2001288 C

M
E

Q
 M

osses.p1

H
up

se
l 2

02
55

80
 N

Y
B

X
 L

yc
op

hy
te

s 
A

.p
1

Vigang vigan.Vang0958s00050.1

C
al

co
r 

20
05

79
9

 T
A

V
P

 M
os

se
s.

p1

Nissch Nissc2435S18814

Lagfra 2008468 Z
Q

W
M

 C
onifers.p1

Aralyr A
L8G23930.t1

S
phfal S

phfalx0019s0067.1

M
arpol M

apoly0024s0089.1

C
uc

sa
t e

vm
.m

od
el

.C
hr

5.
20

66
.1

D
isarc 2075671 G

K
C

Z
 C

onifers.p1P
et

ax
i P

ea
xi

16
2S

cf
00

00
2g

02
31

8.
1

Pruper Prupe.1G102500.1

F
ra

ex
c 

F
R

A
E

X
38

87
3 

v2
 0

00
07

58
30

.1

P
te

vi
t 2

01
04

64
 P

O
P

J 
Le

pt
os

po
ra

ng
ia

te
 M

on
ilo

ph
yt

es
.p

1

Fra
exc

 F
RAEX38873 v2

 000226470.1

Poptri P
otri.0

13G128100.1
R

acvar 2008242 R
D

O
O

 M
osses.p1

Aradur Aradu.97UJ3

Nicb
en N

iben101Scf0
5468g02013.1

Car
pa

p 
ev

m
.T

U.c
on

tig
 4

79
72

.1

Fraana FAN iscf00317365.1.g00001.1

S
taeri 2057018 K

AW
Q

 C
ycadales.p1

S
et

ita
 S

ei
ta

.5
G

39
55

00
.1

Parand lcl JXTB01000011.1 PON77952.1 2306

Mornot L484 020382

Lotjap Lj6g3v2275010.2

Pyrcom PCP036180.1

A
ndrup 2009099 W

O
G

B
 M

osses.p1

S
ce

di
s 

20
00

70
5 

E
E

A
Q

 E
us

po
ra

ng
ia

te
 M

on
ilo

ph
yt

es
.p

1

Fra
exc

 F
RAEX38873 v2

 000226470.2

99.2

98.2

99.9

99.6

87.7

96

99

97
.6

99.2

83.1

96

88.3

92.7

96
.4

89.7

10
0

86.5

100

99
.6

94

100

100

92.5

98.8

100

99

91

10
0

100

100

100

98.8

10
0

80
.5

99.8

99.9

96.5

88.7

99.9

98
.9

100

86
.6

91
.8

98.5

100

100

95

10
0

94.7

100

10
0

92.3

10
0

98.9

100

99.6

85.3

94.1

94.5

87.6

100

86
.5

100

10
0

100

99
.8

100

90
.7

93.6

87.1

99
.7

88.1

99
.4

89
.8

85.2

99
.3

100

10
0

99.7

99.9

99.5

98
.2

100

98.7

88
.5

98.8

99.9

88.4

97
.7

100

10
0

99
.9

96.2

10
0

98.5

82.8

94

88.3

10
0

100

100

97.7
100

99

96.8

100

98.9

99.9

99.8

100

100

86
.4

99.7

91

95.5

99.8

100

10
0

100

100

99.3

10
0

99
.6

94
.7

100

98

89.2

99
.2

91
.6

8993.3

99.2

96.3

92
.9

80.7

100
92

95
.7

99.4

92.5

93
.2

99.1 98
.7

86.7

99.9

84.8

98.7

97.3

99.8

99.1

94.7

100

100

96
.1

98
.4

99
.9

98.7

98.7

10
0

100

10
0

97
.8

99.7

91.7

98.7

99.9

96.7

100

85
.9

99
.9

99.8

100

89
.2

99.1

100

99.1

94.6

93

81.9

98.7

87
.2

81.3

100

91.1

93.1 100

100

95.3

94.8

99
.9

100

97.4

85.3

100

90.3

99.7

96
.2 98.1

100

83
.7

82

100

94
.9

100

100

99
.1

99.7

98
.9

90
.1

94.8

10
0

10
0

99.9

99.4

100

87.5

100

98.8

99.9

95
.7

100

100

94.7

85.1

93
.9

99.9

10
0

100 100

100

94

98.9

96.9

99.7

92

10
0

10
0

10
0

100

87.6

100

99.3

99.8

95.9

97.8

100

82

89.2

96
.9

99.3

100

95.7

96.9

90.9

96.9

84.1

88.9

100

99.6
86.5

94

88.9

100

99.8

100

100

82.7

10
0

100

93.5

10
0

100

99.2

94.5

93
.1

89.2

10
0

99.8

98.2

100

98.2

98.9

99.1

99.3

89.5

100

84

Tree scale: 0.1

Supplementary Figure 23: Maximum likelihood tree of CASTOR.
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Supplementary Figure 24: Maximum likelihood tree of EXO70.
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Supplementary Figure 26: Maximum likelihood tree of NFP.
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Supplementary Figure 27: Maximum likelihood tree of SEC.
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Supplementary Figure 28: Maximum likelihood tree of SYN.
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Supplementary Figure 29: Maximum likelihood tree of CYTB561.
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Supplementary Figure 30: Maximum likelihood tree of GRAS.

GRAS



Zizj
uj lc

l N
C 029687.1 X

P 015891884.1 23992

Gnemon TnS000390199t05

B
radis B

radi5g08907.1

D
encat lcl N

W
 021319083.1 X

P
 028551133.1 11215

Cepfol Cfol v3 12507

Plaori 2000838 BUWV Conifers.p1

Zizj
uj lc

l N
C 029687.1 X

P 015891883.1 23993

Psecar 2008853 UPMJ Lycophytes.p1

Polhes 2032718 ZRAV Leptosporangiate Monilophytes 2 samples combined.p1

Zeamay Z
m00008a015163

A
ra

ip
a 

A
ra

ip
.Q

S
J0

5

Niss
ch

 N
iss

c2
37

S18
48

6

Pinpar 2013440 IIO
L Conifers.p1

Tetsp. 2070634 CGDN Conifers.p1

Glypen 2046222 OXGJ Conifers.p1

Pseele 2047270 Q
KQ

O
 M

osses.p1

Mancol 2003263 CDFR Conifers.p1

Pinpin PPI00006521

Daccom 2056678 FMWZ Conifers.p1

S
orbic S

obic.004G
162200.1

Carpap evm.model.supercontig 92.103

Gymdry 2015150 HEGQ Leptosporangiate Monilophytes.p1

Lupang Lup033050.1

Podrub 2002871 XLGK Conifers.p1

Taicry 2064708 QSNJ Conifers.p1

Athcup 2062702 XIRK Conifers.p1

Cysuta 2005318 HNDZ Leptosporangiate Monilophytes.p1

Tripra Tp57577 TGAC v2 mRNA41197

Theacu 2047201 MROH Leptosporangiate Monilophytes.p1

A
m

btri evm
 27.m

odel.A
m

Tr v1.0 scaffold00016.331

Medtru MtrunA17 Chr7g0264851

N
is

sc
h 

N
is

sc
42

6S
23

45
6

Phaequ P
EQU 02543

C
hequi A

U
R

62005209-R
A

Riccom 30078.m
002265

P
yr

br
e 

lc
l N

W
 0

08
98

83
28

.1
 X

P
 0

09
37

66
12

.1
 2

79
89

Fonant 2010774 DHWX Mosses.p1

Fraves FvH4 6g16610.1

C
ysfra 2003132 LH

LE
 Leptosporangiate M

onilophytes.p1

Aus
sp

i 2
00

29
81

 B
TT

S C
on

ife
rs

.p
1

Piceng 2051856 AWQB Conifers.p1

Sphfal Sphfalx0174s0012.1

BlaspNW c332005 g2 i3 m.117060

M
icd

ec
 2

05
72

44
 X

QSG C
on

ife
rs

.p
1

M
usacu G

S
M

U
A

 A
chr3T

08090 001

S
ax

co
n 

20
74

09
4 

Q
C

G
M

 C
on

ife
rs

.p
1

Vigung Vigun01g163200.1

T
re

or
i l

cl
 J

X
T

C
01

00
01

78
.1

 P
O

N
83

45
1.

1 
20

72
7

P
ruavi P

av sc0000373.1 g570.1.m
k

P
od

ru
b 

20
01

52
1 

X
LG

K
 C

on
ife

rs
.p

1

C
aj

ca
j C

ca
ja

n 
10

15
8

C
apann

 C
A

11g081
60

Davfej 2038652 OQWW Leptosporangiate Monilophytes.p1

A
ga

ro
b 

20
74

19
1 

M
IX

Z
 C

on
ife

rs
.p

1

Cysfra 2008773 XXHP Leptosporangiate Monilophytes Stewart.p1

O
rysat LO

C
 O

s02g32504.1

Lycdeu 2003082 PQ
TO

 Lycophytes.p1

Cry
jap

 2
10

82
51

 H
OUF C

on
ife

rs
 le

af
.p

1

P
se

m
en

 P
M

E
00

05
33

62

A
nacom

 A
co002457.1

P
in

pa
r 2

07
82

11
 II

O
L 

C
on

ife
rs

.p
1

Vitlin 2000166 SKYV Leptosporangiate Monilophytes.p1

Isoteg 2098574 PKOX Lycophytes.p1

Ara
du

r A
ra

du
.7

VL9
B

P
in

pi
n 

P
P

I0
00

14
71

4

Solpen Sopen10g025410.1

Marpal 2004005 HMHL Liverworts non mycorrizal.p1

Dauca
r DCAR 015007

F
ra

ve
s 

F
vH

4 
6g

06
58

0.
1

C
asm

ol m
aker-scaffold11621-augustus-gene-0.4-m

R
N

A
-1

C
ucsat evm

.m
odel.C

hr2.1363

Culmac 2016108 PNZO Leptosporangiate Monilophytes.p1

D
iacar D

ca6151.1

Prumum lcl NC 024133.1 XP 008241451.1 25077

Cucpep Cp4.1LG03g01450.1

Arahyp arahy.Tifrunner.gnm1.ann1.N44J0V.1

H
um

lup H
L.S

W
.v1.0.G

045787.1

Vitapp 2103227 NDUV Leptosporangiate Monilophytes.p1

Helann H
anXRQChr14g0430021

D
iacar D

ca47121.1

M
om

ch
a 

lc
l N

W
 0

19
10

46
51

.1
 X

P
 0

22
15

63
89

.1
 2

59
72

Agamac 2013215 ACWS Conifers.p1

Amearg 2151039 IAJW Conifers.p1

C
ucm

ax C
m

aC
h02G

002630.1

C
ar

pa
p 

ev
m

.m
od

el
.s

up
er

co
nt

ig
 1

51
.5

6

Phyhyp 2011575 JRNA Conifers.p1

P
yr

co
m

 P
C

P
01

05
67

.1

Tripra Tp57577 TGAC v2 mRNA33921

Equhye 2129976 JVSZ Eusporangiate Monilophytes.p1

P
ru

du
l P

ru
du

l2
6A

02
81

89
P

1

Synpri 2018117 GRKU M
osses.p1

A
rgniv 2004884 X

D
D

T Leptosporangiate M
onilophytes.p1

Myrruf 2001733 GSXD Leptosporangiate Monilophytes.p1

F
ra

an
a 

FA
N

 is
cf

00
26

17
01

.1
.g

00
00

1.
1

Dencat lcl NW
 021319357.1 XP 028553019.1 17005

Phlpse 2006639 ZQYU Leptosporangiate Monilophytes.p1

C
ap

an
n 

C
A0

6g
27

37
0

Sp
io

le
 S

p 
07

44
70

 e
m

dn
.t2

Poptri Potri.004G
176400.1

Fokhod 2012034 UEVI Conifers.p1

Disarc 2016844 GKCZ Conifers.p1

P
ot

m
ic

 2
2

89
7 

t

C
apru

b C
arub

.0014s000
4.1

Polhes 2016474 ZRAV Leptosporangiate Monilophytes 2 samples combined.p1

E
utsal T

hhalv1
000424

1m

V
ig

un
g 

V
ig

un
05

g0
04

60
0.

1

Pinpin PPI00073281

D
ry

dr
u 

D
ry

dr
72

S
24

15
3

Calmac 2058295 RMMV Conifers March.p1

BlaspNW c332005 g2 i5 m.117063

Cycmic 2013207 XZUY Cycadales.p1

Cicari Ca 11315.1

Ptipul 2136811 HPXA Liverworts.p1

Cycmic CMI00012075

Leualb 2013883 VM
XJ M

osses.p2

Cajcaj Ccajan 35993

Casmol m
aker-scaffold01073-snap-gene-0.35-mRNA-1

P
ha

vu
l P

hv
ul

.0
08

G
00

41
00

.1

Ginbil Gb 10589

Neopan 2010736 JDQB Conifers.p1

Pyrb
re lc

l N
W 008988372.1 XP 018507872.1 29923

S
et

ita
 S

ei
ta

.7
G

26
81

00
.1

P
yr

co
m

 P
C

P
01

14
80

.1

Begfuc Begfu300S29669

P
op

tr
i P

ot
ri.

00
3

G
15

92
00

.2

A
ra

du
r A

ra
du

.M
M

4K
N

Lotjap Lj1g3v4626570.1

Lycdeu 2004899 PQTO Lycophytes.p1

Vigung Vigun09g276000.1

P
tevit 2012231 P

O
P

J Leptosporangiate M
onilophytes.p1

Nelnuc NNU 23871-RA

Podcor 2010461 SCEB Conifers.p1

Polgly 2008710 CJNT Leptosporangiate Monilophytes.p1

Pha
vu

l P
hv

ul.
00

7G
21

65
00

.1

C
yc

m
ic

 C
M

I0
00

22
60

0

A
poshe lcl K

Z
451953.1 P

K
A

58430.1 8946

Pyrbre lcl N
W 008989351.1 XP 009350186.1 45948

Psemen PME00089316

Nicben Niben101Scf02658g00007.1

Medtru MtrunA17 Chr1g0180411

Tr
ip

ra
 T

p5
75

77
 T

G
A

C
 v

2 
m

R
N

A
10

02
3

Tim
aus 2018575 ZQRI M

osses.p1

A
ra

du
r A

ra
du

.Y
8Z

Q
W

Atrang 2006062 ZTHV Mosses.p1

A
ra

ly
r A

L8
G

19
8

90
.t2

M
aldom

 M
D

P
0000196055

Le
ps

p.
 2

07
75

47
 B

BD
D

 C
on

ife
rs

.p
1

C
uc

m
el

 M
E

LO
3C

00
42

17
.2

.1

D
io

ed
u 

20
10

98
7 

W
LI

C
 C

yc
ad

al
es

.p
1

F
ra

an
a 

FA
N

 is
cf

00
28

15
00

.1
.g

00
00

1.
1

Trisub lcl D
F973533.1 G

AU
33645.1 22703

Cycmic CMI00015031

R
ubocc B

ras G
08771

Cephar 2017370 WYAJ Conifers.p1

Araipa Araip.397T1

Pinpar 2079191 IIOL Conifers.p1

G
ne

m
on

 T
nS

00
09

84
85

5t
07

Cephar 2090060 WYAJ Conifers.p1

D
iacar D

ca55479.1

F
ra

an
a 

FA
N

 is
cf

00
04

18
58

.1
.g

00
00

1.
1

C
ryacr 2002775 W

Q
M

L Leptosporangiate M
onilophytes.p1

N
icben N

iben101
S

cf01818
g09018

.1

Phypat Pp3c14 3250V3.1

Glymax Glyma.19G185400.1

Pop
tri

 P
ot

ri.
01

4G
12

38
00

.1

C
apann C

A
00g41460

Tortax 2015453 EFMS Conifers.p1

Psemen PME00001937

Abilas 2057120 VSRH Conifers.p1

Z
eam

ay Z
m

00008a032563

Tarhas lcl N
W

 010966177.1 X
P

 010546725.1 21616

P
yrcom

 P
C

P
000332.1

Lu
pa

ng
 L

up
01

75
06

.1

Pyrbre lcl N
W 008989351.1 XP 018501622.1 45950

Andrup 2005351 W
OGB Mosses.p1

Aposh
e lc

l K
Z451917.1 P

KA62395.1 4834

Pinpin PPI00035899

Prumum lc
l N

C 024131.1 XP 008235176.1 19262

Plajap 2139207 UWOD Leptosporangiate Monilophytes.p1

C
hafas C

hafa760S26725

Pyrcom PCP025504.1

Zosm
ar Zosm

a21g01110.1

Phy
hy

p 
20

06
41

2 
JR

N
A 

C
on

ife
rs

.p
1

Cryjap 2110671 HOUF Conifers leaf.p1

Athfil 2065277 URCP Leptosporangiate Monilophytes.p1

S
piole S

p 148430 tqjw
.t1

Helann H
anXRQChr06g0184411

H
orvul H

O
R

V
U

3H
r1G

096530.1
Z

iz
ju

j l
cl

 N
C

 0
29

69
0.

1 
X

P
 0

24
92

23
60

.1
 3

08
33

P
otm

ic 19854 t

Ag
am

ac
 2

01
09

38
 A

C
W

S 
C

on
ife

rs
.p

1

Tr
ipr

a 
Tp5

75
77

 T
GAC v2

 m
RNA20

45
2

Thyele 2017096 EWXK Leptosporangiate Monilophytes.p1

H
upsqu 2015003 G

AO
N

 Lycophytes.p1

Ausspi 2009639 BTTS Conifers.p1

N
icben N

iben101S
cf00369g09016.1

D
encat lcl N

W
 021320106.1 X

P
 020696240.1 29357

Mixspe 2156914 NWQC Liverworts.p1

Bradis 
Bradi4g21010.1

Lepsp. 2010879 BBDD Conifers.p1

Psechi 2004747 YLPM Conifers.p1

Asppla 2013846 KJZG Leptosporangiate Monilophytes.p1

Zizjuj lcl N
C

 029687.1 X
P

 015893157.1 25347

R
ub

oc
c 

B
ra

s 
G

21
65

9

P
hlpse 2011016 ZQ

Y
U

 Leptosporangiate M
onilophytes.p1

Vitapp 2017080 NDUV Leptosporangiate Monilophytes.p1

Selaca 2009569 ZYCD Lycophytes.p1

V
ig

an
g 

vi
ga

n.
V

an
g0

3g
11

60
0.

1

Polhes 2012011 GYFU Leptosporangiate Monilophytes A type.p1

Pruavi Pav sc0003839.1 g010.1.mk

Junsco 2013802 XMGP Conifers.p1

C
arpa

p evm
.m

od
el.supercontig 38.18

Pelnee 2010517 JHFI Liverworts.p1

Mornot L484 022563

W
el

m
ir 

20
01

69
0 

TO
X

E
 G

ne
ta

le
s.

p1

Disa
rc 

2009214 G
KCZ C

onife
rs.

p1

G
lym

ax G
lym

a.14G
163500.1

U
trgib U

tricularia gibba unitig 749 597442 600064 unitig 749.g13335.t1 -1 C
D

S
 875844339 4048

D
ia

ca
r D

ca
60

16
9.

1

Glyp
en

 2
04

73
80

 O
XGJ C

on
ife

rs
.p

1

H
um

lu
p 

H
L.

S
W

.v
1.

0.
G

03
31

90
.1

Plao
ri 

20
08

66
0 

BUW
V C

on
ife

rs
.p

1

Cer
ca

n 
Cer

ca
12

S13
73

9

M
anesc M

anes.11G
096500.1

S
olpen S

open11g017360.1

Leualb 2013882 VM
XJ M

osses.p1

Azofil Azfi s0002.g001448

C
uc

m
ax

 C
m

aC
h0

5G
01

09
90

.1

P
ruper P

rupe.8G
166300.1

Blespi 2005490 RWYZ Leptosporangiate Monilophytes 2 samples combined.p1

P
ru

pe
r 

P
ru

pe
.6

G
32

04
00

.1

A
poshe lcl K

Z
453122.1 P

K
A

47568.1 19729

A
ra

hy
p 

ar
ah

y.
Ti

fr
un

ne
r.g

nm
1.

an
n1

.L
4X

K
4S

.1

A
po

sh
e 

lc
l K

Z4
52

10
2.

1 
P

K
A

48
92

3.
1 

18
45

1

La
gf

ra
 2

00
80

06
 Z

Q
W

M
 C

on
ife

rs
.p

1

Selkra 2000767 ZFG
K Lycophytes.p1

M
ed

tru
 M

tru
nA

17
 C

hr
1g

01
95

05
1

P
od

ru
b 

20
01

52
0 

X
LG

K
 C

on
ife

rs
.p

1

Nicben Niben101Scf06999g00010.1

P
ilglo 2088804 K

IIX
Leptosporangiate M

onilophytes.p1

Piluvi 2064104 ETCJ Conifers.p1

Notmon 2007575 YCKE Leptosporangiate Monilophytes.p1

C
ysuta 2002841 H

N
D

Z
 Leptosporangiate M

onilophytes.p1

Trisub lcl DF973211.1 GAU20332.1 9390

Humlup H
L.S

W
.v1

.0.G
028068.1

Linlin 2095264 NOKI Leptosporangiate Monilophytes.p1

Auschi 2068255 YYPE Conifers.p1

Pinjef 2017657 MFTM Conifers.p1

Agamac 2068927 ACWS Conifers.p1

Parhal 2009249 FAJB H
ornw

orts.p1

Synpri 2078350 G
RKU M

osses.p1

Pintae PTA00083392

B
egfuc

B
egfu255S

10094

Pruand 2039023 EGLZ Conifers.p1

Taxdis 2065343 FHST Conifers.p1

Cry
jap

 2
01

40
16

 D
SXO C

on
ife

rs
.p

1

F
ra

an
a 

FA
N

 is
cf

00
02

39
56

.1
.g

00
00

1.
1

Osmjav 2011642 VIBO Leptosporangiate Monilophytes.p1

Osmjav 2012200 VIBO Leptosporangiate Monilophytes.p1

Cerpur 2057275 FFPD M
osses.p1

S
cedis 2018028 E

E
A

Q
 E

usporangiate M
onilophytes.p1

B
rarap B

rara.B
03553.1

Neo
pa

n 
20

68
05

6 
JD

Q
B C

on
ife

rs
.p

1

Scedis 2088611 EEAQ Eusporangiate Monilophytes.p1

H
upsel 2169178 Y

H
ZW

 Lycophytes 2 sam
ples com

bined.p1

Nicben Niben101Scf01718g01021.1

C
asgla C

asgl308S
14914

Vitapp 2010590 NDUV Leptosporangiate Monilophytes.p1

A
ralyr A

L6G
39220.t1

Cunlan 2018102 ZQVF Conifers 2 samples combined.p1

Distri D
istr625S26468

P
ic

ab
i M

A 
10

43
59

13
g0

01
0

Cep
ha

r 2
01

98
70

 N
VG

Z 
Con

ife
rs

 2
 s

am
pl

es
 c

om
bi

ne
d.

p1

P
optri P

otri.013G
016900.2

D
ry

dr
u 

D
ry

dr
41

6S
04

09
9

P
optri P

otri.005G
025200.2

B
etvul B

v9 213940 w
cye.t1

Selmoe 419933

D
ry

dr
u 

D
ry

dr
10

7S
15

10
9

P
ru

an
d 

20
03

44
0 

E
G

LZ
 C

on
ife

rs
.p

1

Polhes 2016475 ZRAV Leptosporangiate Monilophytes 2 samples combined.p1

C
as

au
s 

C
as

ta
no

sp
er

m
um

13
59

7-
P

A

Fraexc FRAEX38873 v2 000076890.2

Dencat lcl NW
 021319357.1 XP 028553020.1 17006

H
orvul H

O
R

V
U

3H
r1G

004960.1

Citsin orange1.1g010791m

Maldom M
DP0000161050

A
ratha A

T
5G

27730.1

Pallye 2003551 YFGP Liverworts.p1

Pinsyl PSY00011696

P
ha

eq
u 

P
E

Q
U

 3
70

74

Petaxi Peaxi162Scf00362g00554.1

Morn
ot L

484 007459

Tetsp. 2069957 CGDN Conifers.p1

D
enobs 2012345 XN

XF Lycophytes.p1

Fonant 2010775 DHWX Mosses.p1

La
gf

ra
 2

01
23

60
 Z

Q
W

M
 C

on
ife

rs
.p

1

BlaspNW c332005 g2 i7 m.117065

Selapo 2001247 LGDQ Lycophytes.p2

Vigung Vigun07g076400.1

C
ryacr 2002774 W

Q
M

L Leptosporangiate M
onilophytes.p1

Petaxi Peaxi162Scf00042g02413.1

V
ig

ra
d 

V
ra

di
10

g0
46

60
.1

Ptevit 2008609 POPJ Leptosporangiate Monilophytes.p1

Tortax 2013460 EFMS Conifers.p1

B
radis B

radi3g44630.1

Lotjap Lj1g3v3330540.2

Halbid 2008681 OWFC Conifers.p1

Fraana FAN is
cf0

0149255.1.g00002.1

Ara
hy

p 
ar

ah
y.T

ifr
un

ne
r.g

nm
1.

an
n1

.E
7P

91
P.

1

Psechi 2012583 YLPM Conifers.p1

P
se

m
en

 P
M

E
00

05
33

58

Selm
oe 75452

W
ol

no
b 

20
57

34
2 

R
S

C
E

 C
on

ife
rs

.p
1

Trisub lcl DF973977.1 GAU43512.1 32570

Asppla 2013774 KJZG Leptosporangiate Monilophytes.p1

Ps
em

en
 P

M
E0

00
53

35
7

B
raolecap B

ol012770

D
ry

dr
u 

D
ry

dr
29

1S
09

94
1

C
hequi A

U
R

62010037-R
A

Ps
ew

il 
20

56
38

1 
IO

VS
 C

on
ife

rs
.p

1

Pyrcom PCP041661.1

Taxdis 2014858 FHST Conifers.p1

Onosen 2041863 HTFH Leptosporangiate Monilophytes.p1

Acmpan 2010005 HILW Conifers.p1

Parust 2039902 JZVE Conifers.p1

W
el

m
ir 

20
01

69
2 

TO
X

E
 G

ne
ta

le
s.

p1

Prudul P
rudul26A021955P1

Abilas 2056252 VSRH Conifers.p1

Dipwic 2001582 UFJN Leptosporangiate Monilophytes.p1
Rosc

hi R
ch

iO
BHm C

hr7g0241951

Parcor 2011700 ZXJO Leptosporangiate Monilophytes.p1

Arahyp arahy.Tifrunner.gnm1.ann1.NKEM9Y.1

A
ra

hy
p 

ar
ah

y.
Ti

fr
un

ne
r.g

nm
1.

an
n1

.Z
3D

6F
W

.1

P
ru

m
um

 lc
l N

C
 0

24
12

6.
1 

X
P

 0
16

65
16

48
.1

 3
07

9

Leuim
m

 2073750 W
G

TU
 Leptosporangiate M

onilophytes.p1

M
al

do
m

 M
D

P
00

00
27

89
59

Pinpin PPI00068678

Pilglo 2007687 KIIX Leptosporangiate Monilophytes.p1

Phy
hy

p 
20

06
41

1 
JR

N
A 

C
on

ife
rs

.p
1

Encstr 2004626 KEFD M
osses.p1

Dist
ri D

ist
r1

33S13760

M
edtru M

trunA17 C
hr3g0145661

C
ysfra 2086476 X

X
H

P
 Leptosporangiate M

onilophytes S
tew

art.p1

C
as

au
s 

C
as

ta
no

sp
er

m
um

28
18

9-
PA

Thecac Thecc1EG022282t1

Psechi 2080182 YLPM Conifers.p1

P
haequ P

E
Q

U
 07805

Phavul Phvul.001G180300.1

Sp
io

le
 S

p
07

44
70

 e
m

dn
.t3

Cicari Ca 07977.1

M
arsp. 2017058 U

X
C

S
 E

usporangiate M
onilophytes.p1

La
gf

ra
 2

00
80

07
 Z

Q
W

M
 C

on
ife

rs
.p

1

S
etita S

eita.8G
143900.1

Casgla Casgl43S17799

Taklep 2002675 SKQD Mosses.p1

N
ot

lo
n 

20
05

72
7 

A
R

E
G

 C
on

ife
rs

.p
1

Sp
io

le
 S

p 
07

44
70

 e
m

dn
.t1

Chalaw 2008464 AIGO Conifers.p1

V
ig

ra
d 

Vr
ad

i0
4g

11
35

0.
1

Pinpin PPI00018035

Gosrai G
orai.002G161600.1

Ginbil Gb 12199

Cucsat evm.model.Chr3.3296

Cajcaj Ccajan 09871

Phygro 2002223 ORJE Leptosporangiate Monilophytes.p1

C
itlan C

la020273

C
asgla C

a
sgl72S

21518

Psecar 2015907 U
PM

J Lycophytes.p1

Picsit PSI00004304

Schisp. 2103585 LGOW
 Liverworts.p1

B
oestr B

ostr.11711s0002
.1

Ara
hy

p 
ar

ah
y.T

ifr
un

ne
r.g

nm
1.

an
n1

.P
J3

DXF.
1

Arahyp arahy.Tifrunner.gnm1.ann1.HETY6C.1

Cerpur 2012691 FFPD M
osses.p1

Parust 2039215 JZVE Conifers.p1

Faltax 2083296 PLYX Conifers 2 samples combined.p1

So
lp

en
 S

op
en

06
g0

35
96

0.
1

Vigang vigan.Vang05g00320.1

P
in

je
f 2

01
13

24
 M

FT
M

 C
on

ife
rs

.p
1

Viga
ng

 vi
ga

n.
Van

g0
6g

16
34

0.
1

C
arpap evm

.m
odel.supercontig 327.1

Phlpse 2006640 ZQYU Leptosporangiate Monilophytes.p1

Cunlan 2053213 OUOI Conifers.p1

B
lespi 2218903 R

W
Y

Z
 Leptosporangiate M

onilophytes 2 sam
ples com

bined.p1

Leualb 2013881 VM
XJ M

osses.p1

C
ucm

el M
E

LO
3C

020823.2.1

Widced 2009729 AUDE Conifers.p1

Anaco
m Aco

003413.1

P
yr

br
e 

lc
l N

W
 0

08
98

81
11

.1
 X

P
 0

09
35

98
37

.1
 1

26
85

P
in

je
f 2

00
73

06
 M

FT
M

 C
on

ife
rs

.p
1

C
uc

sa
t e

vm
.m

od
el

.C
hr

2.
43

1

Cysfra 2090104 XXHP Leptosporangiate Monilophytes Stewart.p1

M
aldom

 M
D

P
0000275429

Calgra 2145497 IFLI Conifers March.p1

G
os

ra
i G

or
a

i.0
12

G
04

81
00

.1

Marpol Mapoly0245s0003.1

N
otm

on 2062365 Y
C

K
E

 Leptosporangiate
M

onilophytes.p1

Nicben Niben101Scf00457g11001.1

Cucmos CmoCh14G002220.1

F
raves F

vH
4 2g01080.1

P
in

po
n 

20
14

93
8 

JB
N

D
 C

on
ife

rs
.p

1

Cryacr 2007285 WQML Leptosporangiate Monilophytes.p1

Treori lcl JX
T

C
01000088.1 P

O
N

89966.1 14254

R
os

ch
i R

ch
iO

B
H

m
 C

hr
4g

04
28

31
1

Pruper Prupe.7G127200.1

P
olam

o 2008941 Y
LJA

 Leptosporangiate M
onilophytes.p1

Prudul Prudul26A003739P1

Psemen PME00089317

P
ru

pe
r 

P
ru

pe
.1

G
21

06
00

.1

Aus
ch

i 2
011

52
4 Y

YPE C
on

ife
rs

.p1

Pelepi 2005747 PIUF Liverworts.p1

Ta
icr

y 
20

04
36

2 
Q

SNJ 
Con

ife
rs

.p
1

P
yrbre lcl N

W
 008988081.1 X

P
 018502852.1 8813

T
hecac T

hecc1E
G

026658t1

Ricc
om

 3
00

76
.m

00
46

95

Z
eam

ay Z
m

00008a007505

C
as

gl
a 

C
as

gl
46

S
02

06
0

B
etvul B

v4 075840 jjsk.t2

Dauca
r D

CAR 017668

Le
ps

p.
 2

01
36

90
 B

B
D

D
 C

on
ife

rs
.p

1

Gagari 2016562 DCDT Leptosporangiate Monilophytes.p1

P
etaxi P

eaxi162S
cf00037g01225.1

C
ucpep C

p4.1LG
05g13700.1

B
eg

fu
c 

B
eg

fu
64

6S
39

46
5

C
ic

ar
i C

a
07

72
7.

1

Setita
 S

eita
.8G229400.1

D
ipw

ic 2012841 U
F

JN
 Leptosporangiate M

onilophytes.p1

Thyele 2023622 E
W

X
K

 Leptosporangiate M
onilophytes.p1

P
etaxi P

eaxi162S
cf01167g00122.1

M
im

pud M
im

pu3929S23605

N
icben N

iben101S
cf01727g01002.1

G
ly

m
ax

 G
ly

m
a.

03
G

23
53

00
.1

C
itsin orange1.1g012127m

Z
osm

ar Z
osm

a188g00240.1

Cas
au

s 
Cas

ta
no

sp
er

m
um

17
64

9-
PA

Tornuc 2011640 HQOM Conifers.p1

So
lly

c 
So

ly
c0

6g
08

45
90

.2
.1

Cyspro 2069441 YOW
V Leptosporangiate Monilophytes.p1

M
or

n
ot

 L
48

4 
00

09
92

M
usacu G

S
M

U
A

 A
chr10T

12420 001

Seqsem 2003655 HBGV Conifers.p1

Cryjap 2011863 DSXO Conifers.p1

Encstr 2004625 KEFD M
osses.p1

Physsp. 2081135 YEPO M
osses.p1

Thyele 2122444 EWXK Leptosporangiate Monilophytes.p1

Chafas Chafa95182S28729

Blespi 2005489 RWYZ Leptosporangiate Monilophytes 2 samples combined.p1

Denca
t lc

l N
W

 021319484.1 X
P 020697300.1 19272

Fraves FvH4 6g16620.1

C
ysfra 2003134 LH

LE
 Leptosporangiate M

onilophytes.p1

P
yr

br
e 

lc
l N

W
00

89
88

06
6.

1 
X

P
 0

09
35

34
79

.1
 6

79
8

Taxcus 2075487 ZYAX Conifers.p1

H
ym

biv 2000638 Q
IA

D
 Leptosporangiate M

onilophytes.p1

Z
iz

ju
j l

cl
 N

C
 0

29
68

6.
1 

X
P

 0
15

88
99

39
.1

 2
20

12

Tr
isu

b 
lcl

 D
F97

34
63

.1
 G

AU31
65

3.
1 

20
71

1

Agamac 2013214 ACWS Conifers.p1

Manesc M
anes.09G064400.1

M
anesc M

anes.08G
117300.1

W
ol

no
b 

20
57

11
8 

R
SC

E 
C

on
ife

rs
.p

1

D
atglo D

atgl169S
22501

Phypat Pp3c1 27830V3.1

N
icben N

iben101S
cf03643g09016.1

Selmoe 404643

D
istri D

istr1970S
17553

H
upm

yr 2061012 C
BAE Lycophytes.p1

Gosrai G
orai.006G161700.1

Fraexc FRAEX38873 v2 000076890.1

M
an

co
l 2

06
28

34
 C

DFR
 C

on
ife

rs
.p

1

Encstr 2060932 KEFD Mosses.p1

Cajc
aj

Cca
jan

 0
66

99

C
epfol C

fol v3 14137

Polhes 2007708 IXLH Leptosporangiate Monilophytes B type.p1

W
oosco 2007322 YJJY Leptosporangiate Monilophytes.p1

Vigrad Vradi03g03760.1

M
usacu G

S
M

U
A

 A
chr6T

16220 001

D
at

gl
o 

D
at

gl
12

0S
19

29
9

Am
btri evm

 27.m
odel.Am

Tr v1.0 scaffold00100.29

Pyrcom PCP023712.1

Pinrad 2009478 DZQM Conifers.p1

Cicari Ca 11066.1

Pintae PTA00039981

Atrang 2006061 ZTHV Mosses.p1

Glypen 2047500 OXGJ Conifers.p1

Isoesp. 2009893 PYHZ Lycophytes.p1

D
rydru D

rydr380S
11436

Encbar 2
007284 GNQG Cycadales.p1

C
yc

m
ic

 C
M

I0
00

25
53

4

Dipwic 2088733 UFJN Leptosporangiate Monilophytes.p1

Riccom
 29943.m

000277

Cysfra 2026211 XWDM Leptosporangiate Monilophytes 2 samples combined.p1

Cryjap 2145362 GMHZ Conifers 2 samples combined.p1

Cysuta 2005317 HNDZ Leptosporangiate Monilophytes.p1

Arahyp arahy.Tifrunner.gnm
1.ann1.P5I184.1

P
hy

hy
p 

20
14

06
8 

JR
N

A
 C

on
ife

rs
.p

1

Dryd
ru D

ryd
r33S20582

Arahyp arahy.Tifrunner.gnm1.ann1.72Y1KB.1

F
raexc F

R
A

E
X

38873 v2 000175020.2

T
re

or
i l

cl
 J

X
T

C
01

00
04

64
.1

 P
O

N
52

0
90

.1
 3

09
35

Ambtri 
evm

 27.m
odel.A

mTr v
1.0 sc

affo
ld00131.15

Z
eam

ay Z
m

00008a014655

Tarha
s lcl N

W
 0109695

48.1 X
P

 010523
186.2 3705

4

Pinpon 2071056 JBND Conifers.p1

Taicry 2068463 QSNJ Conifers.p1

Aulhet 2086412 W
NGH Mosses.p1

Lygjap 2015114 P
B

U
U

 Leptosporangiate M
onilophytes.p1

F
ra

an
a 

FA
N

 is
cf

00
07

26
26

.1
.g

00
00

1.
1

Lu
pa

ng
 L

up
00

10
57

.1

Disa
rc 

2009213 G
KCZ C

onife
rs.

p1

C
asm

ol m
aker-scaffold0047

9-aug
ustus-gen

e-0.29-m
R

N
A

-1

Q
uerob Q

ro
b P

0474
070.2

M
an

es
c 

M
an

es
.0

5G
00

14
00

.1

Dipcon 2108189 MEKP Leptosporangiate Monilophytes.p1

B
eg

fu
c 

B
eg

fu
28

78
S

29
17

2

H
upluc 2097679 G

K
A

G
 Lycophytes.p1

Vigu
ng

 V
igu

n0
7g

12
30

00
.1

P
se

m
en

 P
M

E
00

01
82

76

Osmsp. 2075851 UOMY Leptosporangiate Monilophytes gametophyte.p1

P
in

ra
d 

20
09

78
0 

D
ZQ

M
 C

on
ife

rs
.p

1
O

sm
jav 2007004 V

IB
O

 Leptosporangiate M
onilophytes.p1

Marpal scaff3936 FGenesh1.1

Cryacr 2013529 WQML Leptosporangiate Monilophytes.p1

B
otvir 2023762 B

E
G

M
 E

usporangiate M
onilophytes.p1

Querob Qrob P0381380.2

P
in

ra
d 

20
06

75
8 

D
ZQ

M
 C

on
ife

rs
.p

1

S
etita S

eita.7G
085600.1

C
as

m
ol

 m
ak

er
-s

ca
ffo

ld
01

00
7-

au
gu

st
us

-g
en

e-
0.

35
-m

R
N

A
-1

Solpen Sopen09g003180.1

Acmpan 2015235 HILW Conifers.p1

P
olgly 2012260 C

JN
T Leptosporangiate M

onilophytes.p1

Polgly 2005383 CJNT Leptosporangiate Monilophytes.p1

Polhes 2012010 GYFU Leptosporangiate Monilophytes A type.p1

Pi
ca

bi
 M

A 
10

42
81

65
g0

01
0

N
elnuc N

N
U

 05718-R
A

M
an

es
c 

M
an

es
.0

8G
09

8
80

0.
1

Pruand 2005484 EGLZ Conifers.p1

Pinpar 2013441 IIOL Conifers.p1

Leuimm 2012453 WGTU Leptosporangiate Monilophytes.p1

M
or

no
t L

48
4 

02
14

90

Tr
is

ub
 lc

l D
F9

73
16

0.
1 

G
A

U
16

52
1.

1 
55

79

Cupdup 2012862 QNGJ Conifers.p1

C
uc

m
os

 C
m

oC
h1

4G
01

08
80

.1

B
etvul B

v4 075840 jjsk.t1

S
etita S

eita.5G
440300.1

Cyspro 2065374 YOWV Leptosporangiate Monilophytes.p1

Humlup HL.SW.v1.0.G029495.1

C
ajcaj C

cajan 23765

Sciver 2011642 YFZK Conifers.p1

M
al

do
m

 M
D

P
00

00
12

84
93

M
im

pu
d 

M
im

pu
16

99
S

18
33

0

Thu
pli

 2
04

17
66

 V
FYZ C

on
ife

rs
.p

1

Pornav 2007506 KRUQ Liverworts.p1

C
ha

fa
s 

C
ha

fa
95

60
4S

30
18

7

Wooilv 2077227 YQEC Leptosporangiate Monilophytes.p1

S
ollyc S

olyc11g040150.1.1

S
orbic S

obic.003G
414300.1

P
ru

du
l P

ru
du

l2
6A

02
52

97
P

1

C
he

qu
i A

U
R

62
02

54
90

-R
A

A
na

co
m

 A
co

00
73

85
.1

Frave
s F

vH
4 5g39640.1

Horvu
l H

ORVU4Hr1G015020.3

Arahyp arahy.Tifrunner.gnm1.ann1.B2B9U5.1

P
ha

vu
l P

hv
ul

.0
06

G
08

93
00

.1

Ricnat 2004483 WJLO Liverworts.p1

P
olam

o 2008942 Y
LJA

 Leptosporangiate M
onilophytes.p1

Cycmic CMI00009517

Be
tv

ul
 B

v7
 1

65
22

0 
nx

ta
.t1

C
hequi A

U
R

62013025-R
A

Aulhet 2009484 W
NG

H M
osses.p1

B
rao

lecap B
o

l04307
1

Auschi 2069804 YYPE Conifers.p1

Equhye 2010409 JVSZ Eusporangiate Monilophytes.p1

C
uc

m
ax

 C
m

aC
h0

6G
01

74
80

.1

Gagari 2073874 DCDT Leptosporangiate Monilophytes.p1

N
ic

be
n 

N
ib

en
10

1S
cf

09
44

4g
00

00
7.

1

Halbid 2005394 OWFC Conifers.p1

R
oschi R

chiO
B

H
m

 C
hr6g0251551

Cercan Cerca147S14666

Faltax 2083513 PLYX Conifers 2 samples combined.p1

Wolnob 2057199 RSCE Conifers.p1

Pyrbre lcl N
W 008988372.1 XP 018507873.1 29925

Polamo 2069720 YLJA Leptosporangiate Monilophytes.p1

Thupli 2007001 VFYZ Conifers.p1

F
raexc F

R
A

E
X

38873 v2 000117690.1

Arahyp arahy.Tifrunner.gnm1.ann1.GZ339Q.1

C
er

ca
n 

C
er

ca
29

S
20

65
1

Capann CA09g01890

Neopan 2071707 JDQB Conifers.p1

Cica
ri 

Ca 
10

02
8.

1

Lagsic Lsi03G019950.1

S
ollyc S

olyc01g0
99750.2.1

B
eg

fu
c 

B
eg

fu
2S

29
56

6

Cephar 2021124 NVGZ Conifers 2 samples combined.p1

Cep
ha

r 2
06

08
89

 G
JT

I C
on

ife
rs

.p
1

P
in

pi
n 

P
P

I0
00

65
72

7

V
ig

un
g 

V
ig

un
06

g0
99

50
0.

1

Ararul 2064297 XTZO Conifers.p1

D
aucar D

C
A

R
 022144

Hupmyr 2058224 CBAE Lycophytes.p1

B
etvul B

v4 075840 jjsk.t3

Jugreg g43717.t1

C
apann

 C
A

00g6
6960

Petaxi P
eaxi162Scf00722g00419.1

Nepexa 2026369 NWWI Leptosporangiate Monilophytes.p1

Psemen PME00004434

Pornav 2112730 KRUQ Liverworts.p1

C
icari C

a 14411.1

Selmoe 78688

Pinrad 2006499 DZQM Conifers.p1

M
an

co
l 2

06
23

95
 C

D
F

R
 C

on
ife

rs
.p

1

P
ru

m
um

 lc
l N

C
 0

24
12

7.
1 

X
P

 0
16

64
79

97
.1

 7
12

4

Ptevit 2019369 POPJ Leptosporangiate Monilophytes.p1

Widced 2010111 AUDE Conifers.p1

Phlpse 2006641 ZQYU Leptosporangiate Monilophytes.p1

F
ra

an
a 

FA
N

 is
cf

00
11

91
99

.1
.g

00
00

1.
1

Fraexc FRAEX38873 v2 000057730.1

Dicsco 2009895 NG
TD M

osses.p1

Argniv 2017594 XDDT Leptosporangiate Monilophytes.p1

Hymbiv 2058398 QIAD Leptosporangiate Monilophytes.p1

D
ipcon 2107996 M

E
K

P
 Leptosporangiate M

onilophytes.p1

Cliden 2009636 M
IRS M

osses.p1

Picsit PSI00017359

Citlan Cla017790
Cucmax CmaCh14G002320.1

Pappap 2008143 O
VIJ 

Conife
rs.

p1

Isoteg 2010446 PKO
X Lycophytes.p1

A
ra

du
r A

ra
du

.K
N

H
52

Vigrad Vradi05g15630.1

Racvar 2002635 RDO
O

 M
osses.p2

H
el

an
n 

H
an

XR
Q

C
hr

15
g0

46
42

21

Glymax Glyma.03G184900.1

Poptri 
Potri.

006G122500.2

G
ne

m
on

 2
00

60
46

 G
TH

K
 G

ne
ta

le
s.

p1

Ambtri evm 27.model.AmTr v1.0 scaffold00100.65

Leualb 2132039 VM
XJ M

osses.p1

Lagsic Lsi10G
005000.1

Tm
epar 2103042 A

LV
Q

 E
usporangiate M

onilophytes.p1

Tripra Tp57577 TGAC v2 mRNA35551

Retmin 2072237 VGSX Conifers.p1

Azocar 2033128 CVEG Leptosporangiate Monilophytes.p1

B
lespi 2099757 V

IT
X

 Leptosporangiate M
onilophytes.p1

C
itl

an
 C

la
01

99
35

B
egfuc B

egfu4076S
33875

Utrgib Utricularia gibba unitig 21 2219352 2221968 unitig 21.g20836.t1 1 CDS 875806337 25895

Alnglu A
lngl6053S33254

M
aldom

 M
D

P
0000120877

C
ic

ar
i C

a 
05

91
5.

1

Lotjap Lj1g3v3330540.1

R
os

ch
i R

ch
iO

B
H

m
 C

hr
3g

04
5

57
71

C
itl

an
 C

la
01

71
92

G
os

ra
i G

or
ai

.0
08

G
14

18
00

.1

Maldom MDP0000315326

Selapo 2001246 LGDQ Lycophytes.p2

Agamac 2007991 ACW
S Conifers.p1

Cysfra 2070925 LHLE Leptosporangiate Monilophytes.p1

Tsuhet 2054688 GAMH Conifers.p1

P
lajap 2139658 U

W
O

D
 Leptosporangiate M

onilophytes.p1

Pe
ta

xi
 P

ea
xi

16
2S

cf
00

14
0g

01
35

2.
1

C
ysuta 2002843 H

N
D

Z
 Leptosporangiate M

onilophytes.p1

Cryjap 2072895 DSXO Conifers.p1

Lu
pa

ng
 L

up
00

88
58

.1

Sellep 2006703 ABIJ Lycophytes.p1

Encstr 2004628 KEFD M
osses.p1

H
um

lu
p 

H
L.

S
W

.v
1.

0.
G

00
94

40
.1

Trelac 2012181 FITN Liverworts.p1

Jugreg
 g48110.t1

Musacu GSMUA Achr1T07490 001

Par
us

t 2
04

00
83

 J
ZV

E C
on

ife
rs

.p
1

Amearg 2026046 IAJW Conifers.p1

Lu
pa

ng
 L

up
02

47
56

.1

Tripra Tp57577 TGAC v2 mRNA33943

Ath
cu

p 
20

64
89

3 
XIR

K C
on

ife
rs

.p
1

Dipfol 2011702 AW
OI Mosses.p1

D
at

gl
o 

D
at

gl
75

0S
34

37
5

M
ic

te
t 2

01
02

10
 M

H
G

D
 C

on
ife

rs
.p

1

Petaxi Peaxi162Scf00362g00555.1

P
se

m
en

 P
M

E
00

05
33

60

Tripra Tp57577 TGAC v2 mRNA21723

Taxcus 2074079 ZYAX Conifers.p1

Ju
gr

eg
 g

36
69

4.
t1

Nicben Niben101Scf03459g01001.1

M
usacu G

S
M

U
A

 A
chr5T

21610 001

Taxbac 2011577 WWSS Conifers.p1

Pittri 2013889 UJTT Leptosporangiate Monilophytes.p1

P
ha

eq
u 

P
E

Q
U

 3
05

99

Pinsyl PSY00011697

Vigang vigan.Vang0134s00130.1

Denca
t lc

l N
W

 021319484.1 X
P 020697299.1 19271

K
et

ev
e 

20
15

61
4 

JU
W

L 
C

on
ife

rs
.p

1

Ju
gre

g g30412.t1

Rubocc Bras G13231

Gnemon TnS000703067t01

C
uc

m
el

 M
E

LO
3C

02
67

57
.2

.1

Aradur Aradu.99PSH

Micdec 2057508 XQSG Conifers.p1

Ausspi 2013107 BTTS Conifers.p1

A
m

bt
ri 

ev
m

 2
7.

m
od

el
.A

m
Tr

 v
1.

0 
sc

af
fo

ld
00

05
7.

65

Pyrbre lcl NW 008988337.1 XP 009377044.1 28397

Lagfra 2089787 ZQWM Conifers.p1

Lu
pa

ng
 L

up
00

26
53

.1

H
orvul H

O
R

V
U

2H
r1G

071980.2

Z
eam

ay Z
m

00008a021901

Dipwic 2002776 UFJN Leptosporangiate Monilophytes.p1

H
al

bi
d 

20
54

32
8 

O
W

F
C

 C
on

ife
rs

.p
1

Trelac 2012182 FITN Liverworts.p1

Solpen Sopen10g025360.1

C
its

in
 o

ra
ng

e1
.1

g0
13

22
7m

A
lnglu A

lngl7815S
05996

Psinud 2015292 QVMR Eusporangiate Monilophytes.p1

Setita
 S

eita
.8G078700.1

P
in

po
n 

20
06

19
7 

JB
N

D
 C

on
ife

rs
.p

1

Thudol 2009676 NKIN Conifers.p1

D
iacar D

ca50215.1

Pilu
vi 

20
11

01
1 

ETCJ C
on

ife
rs

.p
1

Physsp. 2019208 YEPO Mosses.p1

Metgly 2061371 NRXL Conifers.p1

Hompyc 2012011 OCZL Leptosporangiate Monilophytes.p1

Phlpse 2028894 ZQYU Leptosporangiate Monilophytes.p1

C
asaus C

astanosperm
um

01026-PA

Cysfra 2025056 XWDM Leptosporangiate Monilophytes 2 samples combined.p1

Pornav 2007507 KRUQ Liverworts.p1

Athfil 2012271 URCP Leptosporangiate Monilophytes.p1

A
ra

hy
p 

ar
ah

y.
Ti

fru
nn

er
.g

nm
1.

an
n1

.H
E

2B
7Z

.1

Mancol 2003264 CDFR Conifers.p1

S
etita S

eita.1G
177600.1

Glym
ax

 G
lym

a.
10

G01
53

00
.1

Cry
jap

 2
01

96
06

 G
M

HZ C
on

ife
rs

 2
 sa

m
ple

s c
om

bin
ed

.p
1

P
ru

an
d 

20
03

43
9 

E
G

LZ
 C

on
ife

rs
.p

1

Pruavi Pav sc0000683.1 g140.1.mk

Nagnag 2116124 UUJS Conifers.p1

Pinpon 2070924 JBND Conifers.p1

Chafas Chafa1432S06779

Cryjap 2016489 GMHZ Conifers 2 samples combined.p1

Marpal 2001942 IHWO Liverworts mycorrizal.p1

Salcuc Sacu v1.1 s0066.g016078

P
ar

an
d 

lc
l J

X
T

B
01

00
06

55
.1

 P
O

N
34

51
5.

1 
34

37
9

D
encat lcl N

W
 021319083.1 X

P
 020678018.1 11214

M
ed

tr
u 

M
tr

un
A

17
 C

hr
7g

02
72

26
1

Isoteg 2010445 PKO
X Lycophytes.p1

A
ln

gl
u 

A
ln

gl
14

97
3S

16
82

0

C
uc

m
os

 C
m

oC
h0

5G
01

11
40

.1

Sorbic 
Sobic.

005G085700.2

Selw
il 2048923 KJYC

 Lycophytes.p1

C
uc

pe
p 

C
p4

.1
LG

03
g0

93
30

.1

Vigang vigan.Vang06g19530.1

Selsta 2011531 ZZO
L Lycophytes.p1

Wolnob 2058333 RSCE Conifers.p1

Leugla 2065209 RGKI M
osses.p1

Z
eam

ay Z
m

00008a037839

G
in

bi
l G

b 
07

71
0

Davfej 2226747 OQWW Leptosporangiate Monilophytes.p1

Psecar 2015908 U
PM

J Lycophytes.p1

S
orbic S

obic.005G
142700.1

Parcor 2013845 ZXJO Leptosporangiate Monilophytes.p1

Casaus Castanospermum09604-PA

Gosrai G
orai.N

011600.1

O
sm

jav 2007005 V
IB

O
 Leptosporangiate M

onilophytes.p1

Dipcon 2013337 MEKP Leptosporangiate Monilophytes.p1

Polgly 2079433 CJNT Leptosporangiate Monilophytes.p1

Fr
ae

xc
 F

R
AE

X3
88

73
 v

2 
00

02
66

44
0.

1

Casg
la C

asg
l99S23720

V
ig

an
g 

vi
ga

n.
Va

ng
04

g0
09

20
.1

A
ra

du
r A

ra
du

.M
1I

A
1

Equdif 2004774 CAPN Eusporangiate Monilophytes.p1

Th
ec

ac
 T

he
cc

1E
G

00
47

61
t1

Widced 2010112 AUDE Conifers.p1

N
ic

be
n 

N
ib

en
10

1S
cf

03
52

3g
00

00
8.

1

Fraexc
 FRAEX38873 v2

 000253760.1

Podrub 2009774 XLGK Conifers.p1

C
uc

sa
t e

vm
.m

od
el

.C
hr

3.
40

25
.1

Mictet 2072875 MHGD Conifers.p1

Piluvi 2062215 ETCJ Conifers.p1

Pyrb
re lc

l N
W 008988372.1 XP 009378684.1 29924

A
ra

hy
p 

ar
ah

y.
Ti

fru
nn

er
.g

nm
1.

an
n1

.K
44

M
M

V.
1

E
utsal T

hhalv10004288m

Treori l
cl 

JX
TC01000272.1 P

ON72431.1 25233

Racelo 2006364 ABCD M
osses.p1

Momcha lcl NW 019104520.1 XP 022144688.1 15627

C
aprub C

arub.0006s2483.1

B
ra

di
s 

B
ra

di
2g

35
04

0.
1

Cep
ha

r 2
01

05
40

 W
YA

J 
Con

ife
rs

.p
1

Medtru MtrunA17 Chr7g0264821

La
rs

pe
 2

00
59

87
 W

VW
N

 C
on

ife
rs

.p
1

Niss
ch

 N
iss

c2
37

S01
43

6

Musa
cu

 G
SMUA Ach

r6T06950 001

R
ic

co
m

 3
0

12
8.

m
00

85
95

A
nacom

 A
co016161.1

Ze
am

ay
 Z

m
00

00
8a

03
09

95

Mictet 2073870 MHGD Conifers.p1

Faltax 2062283 ROWR Conifers.p1

Polamo 2073401 YLJA Leptosporangiate Monilophytes.p1

Cun
la

n 
20

16
66

3 
ESYX C

on
ife

rs
 b

ra
nc

h 
ap

ex
 w

ith
 n

ee
dl

es
.p

1

N
issch N

issc2598S19501

Pla
or

i 2
01

21
36

 B
UW

V C
on

ife
rs

.p
1

Psecar 2008852 UPMJ Lycophytes.p1

Sphfal Sphfalx0028s0103.1

A
ra

hy
p 

ar
ah

y.
Ti

fr
un

ne
r.g

nm
1.

an
n1

.V
5M

F
L1

.1

Cha
la

w 2
01

11
24

 A
IG

O
 C

on
ife

rs
.p

1

C
as

au
s 

C
as

ta
no

sp
er

m
um

25
91

8-
PA

Atrang 2010947 ZTHV Mosses.p1

Davfej 2034338 OQWW Leptosporangiate Monilophytes.p1

M
ornot L484 008373

D
avfej 2001466 O

Q
W

W
 Leptosporangiate M

onilophytes.p1

C
aj

ca
j C

ca
ja

n 
19

15
0

C
asm

ol m
aker-scaffold0047

9-aug
ustus-gen

e-0.29-m
R

N
A

-2

Araipa Araip.S32V5

Encstr 2004627 KEFD M
osses.p1

Sciver 2041454 YFZK Conifers.p1

Te
tsp

. 2
07

16
11

 C
GDN C

on
ife

rs
.p

1

Glymax Glyma.10G058700.1

Casm
ol m

ake
r-s

ca
ffo

ld05628-sn
ap-g

ene-0
.17-m

RNA-1

F
raexc F

R
A

E
X

38873 v2 000175020.1

C
hequi A

U
R

62000759-R
A

Osmsp. 2007592 UOMY Leptosporangiate Monilophytes gametophyte.p1
Welmir 2061125 TOXE Gnetales.p1

H
orvul H

O
R

V
U

3H
r1G

004990.1

A
ra

hy
p 

ar
ah

y.
Ti

fr
un

ne
r.g

nm
1.

an
n1

.F
N

R
X

56
.1

P
ru

m
um

 lc
l N

C
 0

24
12

6.
1 

X
P

 0
08

24
64

29
.1

 3
07

8

G
ly

m
ax

 G
ly

m
a.

18
G

29
85

00
.1

Tr
is

ub
 lc

l D
F

97
31

14
.1

 G
A

U
11

48
5.

1 
54

3

Disarc 2074817 GKCZ Conifers.p1

F
raexc F

R
A

E
X

38873 v2 000117690.3

Asppla 2009897 KJZG Leptosporangiate Monilophytes.p1

Fraana FAN is
cf0

0065606.1.g00001.1

C
uc

m
os

 C
m

oC
h0

6G
01

73
50

.1

Pyrbre lcl N
W 008988372.1 XP 009378683.1 29922

Jugreg g28992.t1

A
rahal A

raha.2427s0001.1

Roschi RchiOBHm Chr3g0470581

Tarhas lcl N
W

 010966177.1 X
P

 010546727.1 21617

Pi
cs

it 
PS

I0
00

00
48

6

Ephsin 2002959 VDAO Gnetales.p1

C
ysfra 2003131 LH

LE
 Leptosporangiate M

onilophytes.p1

Metgly 2065560 NRXL Conifers.p1

Plepol 2013391 UJWU Leptosporangiate Monilophytes dehydrating fronds.p1

Alnglu Alngl5608S32382

Sollyc Solyc09g008360.2.1

Lu
pa

ng
 L

up
02

76
47

.2

M
ic

te
t 2

07
33

88
 M

H
G

D
 C

on
ife

rs
.p

1

B
radis B

radi2g59690.1

C
he

qu
i A

U
R

62
00

87
48

-R
A

M
al

do
m

 M
D

P
00

00
30

42
97

Cucmel MELO3C009371.2.1

O
rysat LO

C
 O

s04g33200.1

Citcle Ciclev10011557m

Cephar 2012064 GJTI Conifers.p1

Pseama 2082467 AQFM Conifers.p1

Ps
em

en
 P

M
E0

00
16

65
8

Q
ue

ro
b 

Q
ro

b 
P

01
35

15
0.

2

O
rysat LO

C
 O

s11g34110.1

Psewil 2
014573 IO

VS Conifers.p1

D
au

ca
r D

C
AR

 0
18

30
7

S
piole S

p 186580 cetq.t1

Fraexc 
FRAEX38873 v2

 000394530.1

Cysuta 2005319 HNDZ Leptosporangiate Monilophytes.p1

Luncru 2011929 TXVB Liverworts.p1

Gnemon TnS000984377t02

T
re

or
i l

cl
 J

X
T

C
01

00
00

71
.1

 P
O

N
91

74
7.

1 
12

34
7

A
rgniv 2004883 X

D
D

T Leptosporangiate M
onilophytes.p1

Polacr 2073405 FQGQ Leptosporangiate Monilophytes.p1

Plajap 2136781 UWOD Leptosporangiate Monilophytes.p1

Cysfra 2007841 LHLE Leptosporangiate Monilophytes.p1

Equhye 2006142 JVSZ Eusporangiate Monilophytes.p1

Cepfol C
fol v3 01694

Leugla 2010764 RG
KI M

osses.p1

Aradur Aradu.NVN7I

O
ry

sa
t L

O
C

 O
s0

5g
06

36
0.

1

Scoaqu 2089934 BPSG M
osses.p1

Myrruf 2001732 GSXD Leptosporangiate Monilophytes.p1

Sphfal Sphfalx0070s0077.1

P
in

ta
e 

P
TA

00
08

32
56

Fr
ae

xc
 F

R
AE

X3
88

73
 v

2 
00

02
66

44
0.

2

Sphfal Sphfalx0057s0124.1

Selkra 2039312 ZFGK Lycophytes.p1

F
raexc F

R
A

E
X

38873 v2 000074970.1

Lu
pa

ng
 L

up
01

02
43

.1

Nissch Nissc37923S22503

S
orbic S

obic.006G
064800.1

Phydru 2127386 ZZEI Lycophytes.p1

Phavul Phvul.009G
119000.1

S
ci

ve
r 

20
06

98
1 

Y
F

Z
K

 C
on

ife
rs

.p
1

Aposhe lcl KZ454427.1 PKA46162.1 21172

D
ac

co
m

 2
00

36
27

 F
M

W
Z

 C
on

ife
rs

.p
1

La
gs

ic
 L

si
11

G
00

60
30

.1

Athcup 2065104 XIRK Conifers.p1

Pruper P
rupe.8G269300.1

Datglo Datgl208S24294

Calmac 2052502 RMMV Conifers March.p1

C
uc

pe
p 

C
p4

.1
LG

11
g0

90
00

.1

Petaxi P
eaxi162Scf63023g00004.1

Phifon 2007561 O
RKS M

osses.p1

Nicben Niben101Scf06809g00033.1

Gagari 2015479 DCDT Leptosporangiate Monilophytes.p1

G
lym

ax G
lym

a.06G
003300.1

Pelepi 2005745 PIUF Liverworts.p1

M
usacu G

S
M

U
A

 A
chr6T

08330 001

G
ne

m
on

 2
00

60
47

 G
TH

K
 G

ne
ta

le
s.

p1

P
ot

m
ic

 4
38

3 
t

Phavul Phvul.007G150900.1

Pyrcom PCP013952.1

Faltax 2061147 ROWR Conifers.p1

A
ra

ru
l 2

06
39

29
 X

T
Z

O
 C

on
ife

rs
.p

1

Cep
fo

l C
fo

l v
3 

00
55

6

Dendav 2008926 MTGC Leptosporangiate Monilophytes.p1

Casaus Castanospermum02553-PA

Isoesp. 2070284 PYH
Z Lycophytes.p1

P
rum

um
 lcl N

C
 024131.1 X

P
 008236122.2 20076

M
aldom

 M
D

P
0000260780

M
im

pu
d 

M
im

pu
11

00
2S

13
69

6

Daccom 2058349 FMWZ Conifers.p1

Marpal 2001945 IHWO Liverworts mycorrizal.p1

P
in

sy
l P

S
Y

00
00

68
17

Hupluc 2006916 GKAG Lycophytes.p1

Agarob 2075738 MIXZ Conifers.p1

S
olpen S

open01g043270.1

D
io

ed
u 

20
10

98
6 

W
LI

C
 C

yc
ad

al
es

.p
1

Pilglo 2007062 KIIX Leptosporangiate Monilophytes.p1

Tr
ip

ra
 T

p5
75

77
 T

G
A

C
 v

2 
m

R
N

A
30

18
1

Glym
ax

 G
lym

a.
02

G01
47

00
.1

Nepexa 2026370 NWWI Leptosporangiate Monilophytes.p1

C
asm

ol m
aker-scaffold11621-augustus-gene-0.4-m

R
N

A
-2

C
uc

pe
p 

C
p4

.1
LG

08
g0

65
50

.1

T
he

ca
c 

T
he

cc
1E

G
00

16
44

t1

P
se

m
en

 P
M

E
00

05
33

54

Welmir 2012620 TOXE Gnetales.p1

O
rysat LO

C
 O

s01g70550.1

Leujul 2165541 IG
UH M

osses.p1

Ju
gr

eg
 g

43
82

7.
t1

Zizjuj lcl NC 029690.1 XP 024922367.1 31022

Poptri Potri.009G
136700.1

Pallye 2003554 YFGP Liverworts.p1

Lepsp. 2012533 BBDD Conifers.p1

Pinpin PPI00069125

Lo
tja

p 
Lj

5g
3v

16
01

89
0.

1

Sollyc Solyc10g055620.1.1

M
im

pu
d 

M
im

pu
23

36
S20

31
3

D
en

ca
t l

cl
 N

W
 0

21
31

90
95

.1
 X

P
 0

20
69

80
60

.1
 1

15
73

Gnemon 2014361 GTHK Gnetales.p1

A
ratha

 A
T

5G
47900.1

Tarhas lcl N
W

 010966177.1 X
P

 010546726.1 21618

Aradur Aradu.RA4QX

C
apann

 C
A

12g0
1510

Dacbal 2012910 IZGN Conifers.p1

P
ic

si
t P

S
I0

00
17

88
6

S
pi

po
l S

pi
po

3G
00

27
60

0

Staeri 2
004559 KAWQ Cycadales.p1

Pilglo 2010054 KIIX Leptosporangiate Monilophytes.p1

M
usacu G

S
M

U
A

 A
chr3T

18570 001

M
om

cha lcl N
W

 019104527.1 X
P 022146281.1 16856

C
ysfra 2025804 X

W
D

M
 Leptosporangiate M

onilophytes 2 sam
ples com

bined.p1

Polhes 2026873 GYFU Leptosporangiate Monilophytes A type.p1

D
ipdig 2010114 W

AFT Lycophytes.p1

D
is

tr
i D

is
tr

42
9S

2
43

17

Helann HanXRQChr15g0478001

C
ucm

os C
m

oC
h02G

002600.1

Cycmic CMI00015030

Cryacr 2009445 WQML Leptosporangiate Monilophytes.p1

Nagnag 2009671 UUJS Conifers.p1

La
gs

ic
 L

si
03

G
01

27
80

.1

Tsuhet 2002520 GAMH Conifers.p1

Odopro 2009070 YBQN Liverworts.p1

Treori lc
l JXTC01000007.1 POO01767.1 2545

Phaequ P
EQU 39145

Fraexc
 FRAEX38873 v2

 000279550.1

Hompyc 2009931 OCZL Leptosporangiate Monilophytes.p1

Rubocc
 B

ras G
21811

H
elann H

anX
R

Q
C

hr03g0074711

Equdif 2000339 CAPN Eusporangiate Monilophytes.p1

F
raana FA

N
 iscf00047908.1.g00001.1

Cephar 2059882 GJTI Conifers.p1

Pyrcom PCP019864.1

Salcuc Sacu v1.1 s0128.g021899

C
itcle C

iclev10001045m

P
ar

a
nd

 lc
l J

X
T

B
01

00
0

65
7.

1 
P

O
N

34
48

6.
1 

34
41

2

Piceng 2055035 AWQB Conifers.p1

Hymbiv 2058490 QIAD Leptosporangiate Monilophytes.p1

Ju
gr

eg
 g

31
05

7.
t1

Selapo 2011847 LG
D

Q
 Lycophytes.p1

F
raexc F

R
A

E
X

38873 v2 000117690.2

Culmac 2016657 PNZO Leptosporangiate Monilophytes.p1

Denobs 2011009 XNXF Lycophytes.p1

Tripra Tp57577 TG
AC

 v2 m
R

N
A39805

Drydru Drydr270S09444

Trisub lcl DF973211.1 GAU20333.1 9391

Arahyp arahy.Tifrunner.gnm
1.ann1.Q

J9W
G

P.1

B
oestr B

ostr.29827s0095.1

Aradur Aradu.KC
H

1Z

Notlon 2067672 AREG Conifers.p1

Phacar 2117816 W
CZB Hornw

orts gam
etophyte.p1

C
apann

 C
A

01g2
3920

Linlin 2005635 N
O

K
I Leptosporangiate M

onilophytes.p1

Notlon 2066975 AREG Conifers.p1

C
ha

fa
s 

C
ha

fa
26

65
S

19
88

5

Pinsyl PSY00005854

O
sm

sp. 2078446 U
O

M
Y

 Leptosporangiate M
onilophytes gam

etophyte.p1

Cryjap 2111369 HOUF Conifers leaf.p1

Vigr
ad

 V
ra

di0
8g

10
57

0.
1

P
ic

si
t P

S
I0

00
01

65
1

Caldec 2061790 FRPM Conifers.p1

Cephar 2017161 NVGZ Conifers 2 samples combined.p1

P
ic

si
t P

S
I0

00
08

27
9

Ara
ip

a 
Ara

ip
.9

F87
C

P
op

tr
i P

ot
ri.

00
1

G
07

15
00

.1

P
ru

an
d 

20
03

44
1 

E
G

LZ
 C

on
ife

rs
.p

1

Odopro 2009069 YBQN Liverworts.p1

C
ulm

ac 2152156
P

N
ZO

 Leptosporangiate M
onilophytes.p1

C
er

ca
n 

C
er

ca
14

S
14

94
8

Plaori 2005293 BUWV Conifers.p1

A
ra

ip
a 

A
ra

ip
.V

5Y
6Q

Araipa Araip.RKI4J

A
ra

h
al

 A
ra

h
a.

28
39

4s
0

00
7.

1

Sunama 2014328 KLGF Conifers.p1

Wolnob 2001783 RSCE Conifers.p1

Selsel 2010180 KUXM Lycophytes.p1

G
ly

m
ax

 G
ly

m
a.

08
G

36
36

00
.1

C
apgra C

agra
.11292s00

01.1

Parand lcl JXTB01000268.1 PON49032.1 23300

G
ly

m
ax

 G
ly

m
a.

19
G

23
30

00
.1

C
apgra C

agra.14151s0003.1

Dencat lcl NW
 021319357.1 XP 028553021.1 17007

A
lnglu A

lngl249923S
21723

Lycann 2084726 EN
Q

F Lycophytes.p1

A
ra

hy
p 

ar
ah

y.
Ti

fr
un

ne
r.g

nm
1.

an
n1

.0
9Z

X
W

H
.2

Chalaw 2002553 AIGO Conifers.p1

C
ep

fo
l C

fo
l v

3 
20

89
0

Selkra 2000768 ZFG
K Lycophytes.p1

P
yr

co
m

 P
C

P
02

74
03

.1

Maldom MDP0000800684

A
lnglu A

lng
l42468

1S
279

89

R
ub

oc
c 

B
ra

s 
G

08
89

5

N
is

sc
h 

N
is

sc
17

74
S

16
48

1

P
rudul P

rudul26A
016171P

1

Anacom Aco019541.1
Spipol Spipo1G0068600

Z
iz

ju
j l

cl
 N

C
 0

29
68

0
.1

 X
P

 0
15

87
50

90
.1

 6
46

7

Orys
at L

OC O
s1

1g14080.1

C
ucsat evm

.m
odel.C

hr2.1363.1

A
ngeve 2013497 N

H
C

M
 E

usporangiate M
onilophytes.p1

A
m

btri evm
 27.m

odel.A
m

Tr v1.0 scaffold00045.306

Pelnee 2010518 JHFI Liverworts.p1
C

itc
le

 C
ic

le
v1

00
28

4
41

m

M
aldom

 M
D

P
0000322106

P
se

m
en

 P
M

E
00

01
73

52

Phygro 2094155 ORJE Leptosporangiate Monilophytes.p1

D
iacar D

ca573.1

Calm
ac 2

004108 R
MMV C

onife
rs 

March
.p1

R
ub

oc
c 

B
ra

s 
G

18
54

0

Onosen 2002645 HTFH Leptosporangiate Monilophytes.p1

M
anesc M

anes.11G
096500.2

S
pipol S

pipo9G
0065300

N
is

sc
h 

N
is

sc
26

61
20

S
19

70
3

Marpal 2000368 LFVP Liverworts 2 samples combined.p1

Nissch Nissc2738S20000

B
rarap B

rara.F
03

044.1

Cercan Cerca56S26847

Que
ro

b Q
ro

b P
02

64
45

0.2

Thyele 2123217 EWXK Leptosporangiate Monilophytes.p1

M
et

gly
 2

06
40

50
 N

RXL 
Con

ife
rs

.p
1

Lo
tja

p 
Lj

1g
3v

33
28

95
0.

1

F
ra

an
a 

FA
N

 is
cf

00
23

25
59

.1
.g

00
00

1.
1

C
uc

m
ax

 C
m

aC
h1

4G
01

07
00

.1

G
in

bi
l G

b 
06

55
9

Tarha
s lcl N

W
 0109695

48.1 X
P

 010523
191.1 3707

2

Ag
ar

ob
 2

07
65

45
 M

IX
Z 

C
on

ife
rs

.p
1

D
ipdig 2010113 W

AFT Lycophytes.p1

M
al

do
m

 M
D

P
00

00
23

86
39

Faltax 2013565 QHBI Conifers A.p1

P
ru

av
i P

av
 s

c0
00

06
71

.1
 g

11
0.

1.
m

k

C
ysuta 2002844 H

N
D

Z
 Leptosporangiate M

onilophytes.p1

Pilglo 2007061 KIIX Leptosporangiate Monilophytes.p1

N
icben N

iben101S
cf10785g00002.1

C
ysfra 2003133 LH

LE
 Leptosporangiate M

onilophytes.p1

B
egfuc B

egfu1981S
23681

Parand lc
l J

XTB0100011
9.1 P

ON61667.1 14328

Arahyp arahy.Tifrunner.gnm1.ann1.10V25C.1

G
osrai G

orai.007G
300200.1

A
ra

hy
p 

ar
ah

y.
Ti

fr
un

ne
r.g

nm
1.

an
n1

.6
53

B
24

.5

P
ru

m
um

 lc
l N

C
 0

24
12

6.
1 

X
P

 0
16

65
16

45
.1

 3
08

0

Phacar 2014546 WCZB Hornworts gametophyte.p1

Pappap 2011475 OVIJ Conifers.p1

F
ra

ve
s 

F
vH

4 
4g

22
06

0.
1

P
ar

us
t 2

03
92

91
 J

Z
V

E
 C

on
ife

rs
.p

1

Isoesp. 2009894 PYHZ Lycophytes.p1

Retmin 2072007 VGSX Conifers.p1

C
uc

sa
t e

vm
.m

od
el

.C
hr

3.
40

25

M
us

ac
u 

G
S

M
U

A 
A

ch
r2

T0
21

40
 0

01

Tr
ip

ra
 T

p5
75

77
 T

G
A

C
 v

2 
m

R
N

A
34

31
3

Jugreg g13775.t1

M
om

ch
a 

lc
l N

W
 0

19
10

45
77

.1
 X

P
 0

22
15

24
08

.1
 2

24
33

La
rs

pe
 2

00
59

85
 W

VW
N

 C
on

ife
rs

.p
1

P
haequ P

E
Q

U
 04057

Pyrbre lcl N
W 008989351.1 XP 018501621.1 45949

Andrup 2005352 W
OGB Mosses.p1

Cun
la

n 
21

01
59

1 
ZQ

VF C
on

ife
rs

 2
 s

am
pl

es
 c

om
bi

ne
d.

p1

Polhes 2017901 ZRAV Leptosporangiate Monilophytes 2 samples combined.p1

Abilas 2057249 VSRH Conifers.p1

Cica
ri 

Ca 
08

04
8.

1

U
trgib U

tricularia gibba unitig 699 2312371 2315125 unitig 699.g19673.t1 1 C
D

S
 875834565 10757

M
ed

tru
 M

tru
nA

17
 C

hr
7g

02
14

80
1

H
orvul H

O
R

V
U

3H
r1G

096540.3

Vigrad Vradi08g17940.1

Fraana FAN is
cf0

0034050.1.g00001.1

Faltax 2058848 QHBI Conifers A.p1

Medtru MtrunA17 Chr7g0264831

Potmic 17565 t

A
ra

ip
a 

A
ra

ip
.Q

M
1V

J

H
or

vu
l H

O
R

V
U

1H
r1

G
02

27
90

.1

Cal
m

ac
 2

00
46

18
 R

M
M

V C
on

ife
rs

 M
ar

ch
.p

1

Leuimm 2004431 WGTU Leptosporangiate Monilophytes.p1

S
or

bi
c 

S
ob

ic
.0

09
G

05
09

00
.1

Picsit P
SI00007477

Psewil 2014572 IOVS Conifers.p1

Pla
or

i 2
01

21
35

 B
UW

V C
on

ife
rs

.p
1

P
arand lcl JX

T
B

01000811.1 P
O

N
32495.1 36081

Z
eam

ay Z
m

00008a030005

Ta
xd

is 
20

00
02

8 
FHST C

on
ife

rs
.p

1

Dat
gl

o 
Dat

gl
10

99
S18

31
5

D
avfej 2001467 O

Q
W

W
 Leptosporangiate M

onilophytes.p1

Pinsyl PSY00018266

Polacr 2074486 FQGQ Leptosporangiate Monilophytes.p1

Lagfra 2090483 ZQWM Conifers.p1

Cycmic 2009720 XZUY Cycadales.p1

Agarob 2012867 MIXZ Conifers.p1

Leuimm 2071827 WGTU Leptosporangiate Monilophytes.p1

P
ru

m
um

 lc
l N

C
 0

24
12

7.
1 

X
P

 0
08

22
22

96
.1

 7
12

5

N
elnuc N

N
U

 22376-R
A

Thecac Thecc1EG022283t1

Fok
ho

d 
20

13
44

3 
UEVI C

on
ife

rs
.p

1

P
ittri 2091750 U

JTT Leptosporangiate M
onilophytes.p1

D
is

tr
i D

is
tr

47
5S

24
84

4

Pruavi 
Pav s

c0
000130.1 g390.1.m

k

Glymax Glyma.13G145500.1

Amearg 2150666 IAJW Conifers.p1

91

10
0

90.4

100

99.7

99.5

96.7

94
.1

10
0

90.3

99.8

97

100

87
.8

99.7

100

100 86.8

96.6

98
.2

82.4

99.4

100

96.3

100

10
0

99
.3 99

.9

99.9

99.9

89.1

99.1

100

96.8

99
.2

98.3

96.2

93.6

98

100

94
.4

94
.1

96
.8

100

99
.5

86
.5

98.7

89

83
.5

100100

85
.6

100

96.6

83.7

89.2

10
0

99
.9

98
.4

91.7

97
.1

100
10

0

10
0

94.7

100

99.9

10
0

94.7

96.6

10
0

98.4

99.1

96

96
.7

92.7
80.7

99
.9

10
0

99.6

96.3

93.9

95
.3

10
0

100

100

98.8

100

100

99
.3

91
.9

100

97
.9

98.9

98.3

84
.1

100

99.6

98
.8

97
.9

94.5

90.6

99
.6

100

81.6

95.1

96
.9

98.5

100

99
.2

95.4

80
.5

100

99.7

100

100

100

100

100

87.4

98
.7

99.9

92.4

99.6

100

99.6

99.7

99.9

99
.9

10
0

86.4

98.6

100

94.3

100

92.9
90.3

99
.8

99.8

99.6

98.385.4

99.5

100

84.8

97
.2

99.5

99.9

99.8

100

94.7

88
.8

91.1

10
0

87
.7

89
.7

83.7

84
.5

97.9

99.6
99.8

100

99.1

100

100

99
.9

84.7

10
0

97
.6

100

100

100

97.1

96

84.8

91.8

97.6

99.9

95
.4

99.9

85.7
85

88.5

83.7

98
.5

87.9

92.5

98
.5

99.6

96.3

100

99.5

100

99.3

87.6

89.8

98
.5

94.2

97.8

94.6

100

10
0

96
.2

100

100

99
.3

93.3

99.9
100

100

100

10
0

97.7

94
.2

100

99.9

93.2

97.9

100

98
.5

92

99

93
.7

81
.2

98
.8

99.9

92

91
.3

100

99.4

99

88.7

98
.7

10
0

10
0

89
.4

10
0

100

100

100

84.4

10
0

98.9

10
0

10
0

99
.7

96.2

86.2

85.8

100

99.9

93

100

100

81.3

99.6

87.2

86.2

98

97.1

99.6

98.8

100

83
.7

100

99.9

99.8

100

94

100

99.7

92.9

99.3

86
.5

90.2

98.9

81

10
0

98.4
97

.6

97
.6

100

91.1

80
.1

97.8

100

84.2

100

100

86.9

98.2

99
.7

99.8

10
0

10
0

10
0

99.3

97

100

84
.9

81.2

97.4

100

96.4

100

96
.8

98
.2

100

100

100

100

84
.4

100

100

99.4

99
.8

92.3

100

10
0

99.8

100

10
0

10
0

10
0

95
.9

95
.9

98
.1

97
.7

81
.2

90.1

95

80.4

99.7

95.5

10
0

100

100

93.9

82.9

97
.2

98.6

94.6
97.8

100

100

96.6

95.8

95.7

99.9

10
0

81
.3

99.8

100

96.2

99.4

99.9
84.9

99.7

88.3

89
.2

100

96.9

97.4

100

99.9

98
.5

99.3

89
.5

100

88.1

98.3

96.9

10
0

98.1

84

97.8

95.5

91.1

82.7

91.3

99.5

10
0

93
.6

89.390.3

99.2

10
0

100

99.8

100

89.2

81

97
.9

99.6

95.9

86.5

100

99.9

100

100

100

100

100

99.8

88.6

97.3

100

100

99.1

99.7

100

99.9

95.6

10
0

100

87
.6

99
.2

95.6

100

96
.3

99
.8

10
0

99.9

100

98.3

92.9

100

97.6

91
.5

90.6

98.2

84.4

100

99.8

10
0

94
.2

93.1

99

84.5

92.6

90
.2

99.4

97.9

99.5

10
0

86.7

100

98.6

88
.7

91

100

93.9

98
.1

100

10
0

97
.8

100

99.3

97.6

87.7

90.6

99
.2

99.8

100

97.3

94
.3

91
.8

98.2

99.8

99
.9

89.5

100

98

94
.5

100

100

98.6

93.7

100

99
.7 100

94.3

89.4

99.8

99.4

99
.9

95
.6

97.7

99
.3

81
.6

10
0

94.7

97.2

99.8

100

100

97.9

97.5

100

98.6

96.2

94.2

10
0

85.8

80
.7

93.2

99
.2

97.5

99.2

83.2

100

93.3

97.5

96
.3

85.8

100

82
.6

89.4

98.3

10
0

100

100

87.7

94.2

92.9

97.7

99.3

84.5

100

100

96
.8

93
.1

87.2

100

96.3

100

99.8100

83.8

96
.4

91.8

100

10
0

83.5

99.8

100

96.3

83
.4

99.7

94.9

82.3

100

10
0

10
0

10
0

99.9

89.8

96
.3

97.9

89.7

94.9

93
.6

100

100

99.1

85
.1

10
0

89
.3

99.5

100

10
0

98.9

100

100

95.2

85.6

100

100

99
.4

85

100

92
.3

91.4

100

98
.4

82
.1

97
.4

10
0

100

98.8

10
0

84.3

100

100

98.9

96.7

10
0

84.7

100

83.2

98.7

93.3

99.1

99.2

95.5

100

99.9

98.2

98.2

98.9

90.7

99.6

95
.9

99
.8

90

95.2

100

96.9

99
.7

100

99.8

92
.5

98
.7

10
0

97.7

100

100

88.8

97.5

100

10
0

98
.7

99.7

100

10
0

96
.9

88.3

100

99
.9

97.1

99.2

100

99.5

10097

99.9

95.6

86
.7

94

100

81.4

99
.7

99
.2

10
0

98
.1

99.8

100

10
0

99
.4

100

95.3

95
.7

97.7

93

92
.9

100

98.8

95.9

83.7

99.2

100

98
.5

99.4

100

100

99.6

95
.4

99.3

93
.9

99.4

99.9

100

98.7

95
.7

99
.4

99.9

98.6

10098.1

10
0

100

93
.4

99
.9

98.8

98

10
0

93.3

100

99.9

84.5

100

86.1

94.6

88.9

100

89.2

99.3

81
.2

93.8

10
0

99.6

80.4

85.3

81.1

100

98.4

10
0

98.8

95.8

97.5

100

98.2

94.8

99.5

97

80
.4

98.7
89.5

100

90.7

100

97.1

100

96.7

100

93.7

100

99.5

98.8

88.1

99.9

97
.6

95.3

87
.7

100

96.8

99.1

98
.9

10
0

100

80
.7

99.7

100

98.5

89

92
.2

100

10
0

100

9799.6

97
.5

95.3

84.2

100

91.8

98.8
97.3

99
.6

81.8

80
.4

99.6

97.9

99.9

100

99.8

10
0

98

92.9

80.4

100

100

92.4

99.8

100

99.9

99.7

97
.6

100

98.1

91
.9

84
.2

88
.2

98.8

100

10
0

10
0

91.1

100

94

99.9

91.6

89
.5

98.7

90

93.5

100

90.2

81.4

97.1

100

91.3

96.7

100

90.3

92
.5

10
0

99.9

96
.8

100

91

99.6

99.8

99.1

85.3

10
0

91
.5

98.9

96.5

99

100

100

95.5

100

86
.7

99
.8

96.9

91.8

100

100

100

100

100

10
0

10
0

100

94
.7

100

100

92.9

85

100

10
0 99

.9

100

95
.7

100

100

99.6

88

99.1

97.3

10
0

99.9

Tree scale: 0.1

Supplementary Figure 31: Maximum likelihood tree of HEP.
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Supplementary Figure 32: Maximum likelihood tree of TAU.
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Supplementary Figure 33: Alignment of Nelumbo nucifera CCaMK from 3 assemblies with reference sequences showing an indel in the kinase domain and an amino
acid switch on the essential for phosphorylation Serine 343
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Supplementary Figure 34: Sites under positive selection in CYCLOPS in non-mycorrhizal mosses
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Supplementary Figure 35:  Sites under positive selection in CCaMK in non-mycorrhizal mosses
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Supplementary Figure 36: Comparative alignment of 1kb from CYCLOPS among the three subspecies genomes 
and 35 accessions of Marchantia polymorpha.



Supplementary Figure 37: Presence/absence pattern of 11 genes in Ericaceae compared to species
with different symbiotic abilities
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