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Supplementary Methods

Supplementary Method S1: PLAZA 5.0 build procedure
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Flowchart depicting the different steps used to build the PLAZA platform. Grey boxes
represent methods & tools whereas white shadowed boxes refer to website visualization
tools. A detailed description of the construction steps and program settings is given below.

Data retrieval and delineation of gene families

All gene annotations were retrieved from the different data providers (for details, see section
Data content in PLAZA Documentation) and stored according to their gene type (protein-
coding, RNA, pseudo-gene and transposon). When parsing the structural gene annotation
we verified if the original gene coordinates generate the correct transcript and protein
sequence (as reported by the primary data) and flagged incorrect gene models.

Starting from all protein-coding genes, only retaining the longest transcript if alternative
splicing variants exist, protein sequences were used to construct gene families by applying
sequence-based protein clustering. First, an all-against-all sequence comparison was
performed using v0.9.30 of DIAMOND (1), applying an E-value threshold of 1e-05 and
retaining the best 2500 hits. Next, the clustering of protein coding genes into homologous
(HOM) gene families was performed using v14.137 of Tribe-MCL (2) (mclblastline, default
parameters except | = 2 and scheme = 4), while the clustering into orthologous (ORTHO)
families was performed using v1.1.10 of OrthoFinder (3).

Detection of colinearity

Colinearity within and between species was identified using v3.0.01 of i-ADHoRe (4), which
detects genomic homology based on the identification of conservation of gene content and
gene order. i-ADHoRe was run with the following settings: alignment_method gg2, gap_size
30, cluster_gap 35, q_value 0.85, prob_cutoff 0.01, anchor_points 5 and level_2_only true. A
default run, including all organisms, is provided.




Multiple sequence alignments and phylogenetic trees

For all gene families, multiple sequence alignments were created using v7.453 MAFFT (5).
Alignment columns containing gaps were removed when a gap was present in >10% of the
sequences. To reduce the chance of including misaligned amino acids, all positions in the
alignment left or right from the gap were also removed until a column in the sequence
alignment was found where the residues were conserved in all genes included in our
analyses. This was determined as follows: for every pair of residues in the column, the
BLOSUMG62 value was retrieved. Next, the median value for all these values was calculated.
If this median was 20, the column was considered as containing homologous amino acids.
To prevent the emergence of long-branch attraction or badly-supported nodes yielding
uninformative trees, highly divergent and partial sequences were removed from the
alignment prior to phylogenetic tree construction, if they contained gaps in more than 50% of
the alignment columns, or two times or more the number of gaps than the average number of
gaps per sequence in the alignment.

Phylogenetic trees were constructed using v2.1.10 of FastTree (6) applying the JTT
substitution model, 100 bootstrap samples, estimated proportion of invariable sites, four
substitution categories, estimated gamma distribution parameter, the BIONJ distance-based
tree as starting tree and without tree optimization (default parameters for protein sequences).
NOTUNG 2.6 (7) was used to root the trees and to infer speciation and duplication events
using the tree reconciliation mode and applying the Duplication/Loss Score to evaluate
alternate hypotheses. PhyD3 (8) was used for interactive tree visualization.

Integrative Orthology

To infer orthologous gene relationships with an enhanced robustness, an integrative
approach was developed to identify orthologs on a gene-by-gene basis (9). The developed
ensemble approach consists of a combination of four distinct orthology prediction methods:
orthologous gene families, reconciled phylogenetic trees, protein alignment scores and
colinearity information. The integration of gene colinearity facilitates the detection of
positional orthologs, namely genes with conserved genome organization between species.
For each orthology relationship then, three different gene sequence features were also
compared: protein-coding sequence (CDS) length, number of exons and GC content.

Functional Annotations

The InterPro and GeneOntology ontologies were retrieved from the respective host websites:
version 86.0 for InterPro and release 2021-07-01 for GeneOntology. InterPro scan v5.24-63
(10) was run on all protein-coding genes, and additional GO annotations were inferred with
InterPro-to-GO mapping. Additional GO annotations were retrieved from the genome projects
where available, as well as from http://geneontology.org (11,12) and from the GO Annotation
(GOA) project (13). MapMan annotations were provided by Bjorn Usadel and Marie Bolger,
using Mercator 4 (14) to generate the annotations.

Redundant GO annotations were merged according to the GO evidence code rank (15). To
avoid the inclusion of obsolete GO terms, a filter was applied using the set of valid GO terms
derived from the GO OBO file (v1.2).

The GO terms were also projected, assigning empirically validated GO annotations to a
selected set of orthologs (9,16,17). GO annotations from (mainly) genes from well-studied
model organisms are transferred to their orthologous counterparts in other species, where
repeating the experiments necessary to gain (the same) knowledge would take too much
time and effort. In order to minimize the number of false positives after the GO projection,




limitations are placed on two parts of the transfer operation. First, only experimentally
validated GO annotations can be projected, thus removing the possible effects of cascading
error. Secondly, the methodology used for orthology delineation is quite restrictive.

GO enrichment was performed for each gene family, with only the organisms with genes in
the gene family under investigation being used as the background model for the statistical
analysis (hypergeometric distribution with Bonferroni correction for multiple testing). Only GO
terms covering at least half of the annotated genes in a family and with corrected values of P
<= 0.05 were retained.

Functional Gene Clusters

To study the clustering of functionally related genes (functional clusters), the C-Hunter
program (18) was used for a genome-wide analysis. This tool detects statistically significant
clusters of neighboring genes based on the similarity of GO annotations. The settings that
were used are: minimum and maximum cluster sizes of 2/30 and 10/150 respectively, e-
value cutoff of 0.001 and 50% maximum cluster overlap.




Supplementary Method S2: Species tree construction

The species trees for both the PLAZA Monocots 5.0 and PLAZA Dicots 5.0 instances were
constructed in the following way:

1. We provided the NCBI taxonomy identifiers of all species in the PLAZA instances to
the ENA API (https://www.ebi.ac.uk/ena/browser/api/) in order to retrieve the
associated lineage information (i.e. the parental nodes and associated NCBI
taxonomy identifiers).

2. We used this information to automatically generate the first rudimentary species
trees, which, unfortunately, has quite some limitations: a large number of speciation
events cannot be resolved, leading to many multifurcations.

3. We then manually resolved the multifurcations in these intermediate species trees
using a wide variety of publications:

Grouping of mosses, liverworts, and hornworts (19,20)
Resolving Magnoliidae and Ceratophyllales in relationship to eudicots and
monocots (20-22)

Resolving placement of Dioscorea dumetorum (20)
Resolving trifurcation in Asparagales (23)

Resolving Musa, Poales, and Arecales trifurcation (24)
Resolving trifurcation in Chloridoideae (25)

Resolving trifurcation in Andropogoneae (26)
Resolving trifurcation in Paniceae (27)

Resolving trifurcation in Pooideae (28)

Resolving trifurcation in BOPClade (29)

Resolving multifurcations in Brassicaceae (30)
Resolving multifurcations in Malvaceae (31)

Resolving multifurcations in Malvids (32)

Resolving multifurcations in IRL-clade (33)

Resolving multifurcations in Phaseoleae (33)
Resolving multifurcations in Malpighiales (34)
Resolving multifurcations in 50_kb_inversion_clade (35)
Resolving multifurcations in fabids (36)

Resolving multifurcations in Solanaceae (37)
Resolving multifurcations in Lamiales (38)

Resolving multifurcations in Lamiids (39)

Resolving multifurcations in Campanulids (40)
Resolving multifurcations in Caryophyllales (41)
Resolving multifurcations in Asterids (42)

Resolving multifurcations in Mesangiospermae (43)


https://www.ebi.ac.uk/ena/browser/api/

Supplementary Tables

Supplementary Table S1: Data content and sources PLAZA 5.0

PLAZA

identifier Common Name Taxonomy ID | Pubmed ID | Reference | Dicots 5.0 | Monocots 5.0
acertr Acer truncatum 47965 32772482 (44) v
ach Actinidia chinensis 3625 31645971 (45) v
ata Aegilops tauschii 37682 29143815 (46) v
aar Aethionema arabicum 228871 31554715 (47) v
asa Allium sativum 4682 32730994 (23) v
amhyb Amaranthus hybridus 3565 32835372 (48) v
atr Amborella trichopoda 13333 24357323 (49) v v
aco Ananas comosus 4615 26523774 (50) v
aag Anthoceros agrestis 41834 32170292 (19) v v
aox Aquilegia oxysepala [kansuensis] 432649 32637141 (51) v
aly Arabidopsis lyrata 59689 26382944 (52) v
ath Arabidopsis thaliana [COL-0] 3702 27862469 (53) v v
arhy Arachis hypogaea [Tifrunner] 3818 31043755 (54) v
aof Asparagus officinalis 4686 29093472 (55) v
ama Avicennia marina 82927 33561229 (56) v
bvu Beta vulgaris 161934 NA (57) v
bdi Brachypodium distachyon 15368 20148030 (58) v
bca Brassica carinata 52824 33599732 (59) v
bna Brassica napus [Darmor-bzh] 3708 33319912 (60) v
bol Brassica oleracea [HDEM] 109376 30390080 (61) v
bra Brassica rapa [Z1] 3711 30390080 (61) v
calsi Calamus simplicifolius 746888 30101322 (62) v
camsi Camella [ss'?ﬁgf]';zg] sinensis 542762 | 32353625 (63) v
cansat Cannabis sativa 3483 32377363 (64) v
cru Capsella rubella 81985 23749190 (65) v
can Capsicum annuum 4072 24441736 (66) v
chi Cardamine hirsuta 50463 27797353 (67) v
cpa Carica papaya 3649 18432245 (68) v
cfa Carpinus fangiana 176857 31964866 (69) v
cil Carya illinoinensis [Pawnee] 32201 34226565 (70) v
cpu Cenchrus purpureus 154765 33040437 (71)
cde Ceratophyllum demersum 4428 32094642 (22) v
cbr Chara braunii 69332 30007417 (72) v v
cqu Chenopodium quinoa 63459 28178233 (73) v
cre Chlamydomonas reinhardtii 3055 17932292 (74) v v
car Cicer arietinum L. [ICC 4958] 3827 26259924 (75) v
cla Citrullus lanatus [Charleston Gray] 3654 31022325 (76) v
ccl Citrus clementina 85681 24908277 (77) v
ccan Coffea canephora 49390 25190796 (78) v
col Corchorus olitorius 93759 28134914 (79) v
cav Corylus avellana [Tonda Gentile 13451 33964151 (80) v

delle Langhe]




cme
csa

dca
din
dex
ddu
dzi
egu
ecu
eca
egut
egr
esa
fve
fan
gma
ghi
gra
han
hvu
hma
Isa
Ipe
lonja
lia
lal
mbi
mdo
mes
mpo
mtr
mco
msi
mac
nnu
nta
oeu
oth
oal
obr
osak
osaindica
osa
pha
pso
pax
pvu

ped

Cucumis melo

Cucumis sativus L. [Chinese
Long]

Daucus carota
Davidia involucrata
Digitaria exilis
Dioscorea dumetorum
Durio zibethinus
Elaeis guineensis
Eragrostis curvula
Erigeron canadensis
Erythranthe guttata
Eucalyptus grandis
Eutrema salsugineum
Fragaria vesca
Fragaria x ananassa
Glycine max
Gossypium hirsutum
Gossypium raimondii
Helianthus annuus
Hordeum vulgare
Hydrangea macrophylla
Lactuca sativa
Lolium perenne
Lonicera japonica
Lotus japonicus [MG-20]
Lupinus albus
Magnolia biondii
Malus domestica
Manihot esculenta [Crantz]
Marchantia polymorpha
Medicago truncatula
Micromonas commoda
Miscanthus sinensis

Musa acuminata [banksii]

Nelumbo nucifera [China antique]

Nicotiana tabacum
Olea europaea
Oropetium thomaeum
Oryza alta
Oryza brachyantha
Oryza sativa Kitaake [KitaakeX]
Oryza sativa ssp. indica
Oryza sativa ssp. Japonica
Panicum hallii
Papaver somniferum
Petunia axillaris
Phaseolus vulgaris

Phyllostachys edulis

3656
3659

4039
16924
1010633
167584
66656
51953
38414
72917
4155
71139
72664
57918
3747
3847
3635
29730
4232
4513
23110
4236
4522
105884
34305
3870
86725
3750
3983
3197
3880
296587
62337
4641
4432
4097
4146
1148796
52545
4533
4530
39946
39947
206008
3469
33119
3885
38705

22753475
31216035

27158781
31970919
32901040
32143301
28991254
23883927
31308395
31951071
24225854
24919147
23518688
31069085
30804557
31433882
32313247
22922876
28538728
33239781
33175097
28401891
26408275
32187685
32365501
31980615
33642574
28581499
25504737
28985561
22089132
19359590
33116128
22801500
33514746
28625162
27346392
31245697
33539781
23518283
31775618
11935017
16100779
30523281
30166436
27255838
NA
30202850

(81)
(82)
(83)
(84)
(85)
(86)
(31)
(87)
(88)
(89)
(90)
(91)
(92)
(93)
(94)
(95)
(96)
(97)
(98)
(99)
(100)
(101)
(102)
(103)
(104)
(105)
(21)
(106)
(107)
(108)
(109)
(110)
(111)
(112)
(113)
(114)
(115)
(116)

117)
(118)

(119)
(120)
(121)
(122)
(123)
(124)
(125)
(126)

AR NN

AN A NN N Y N N N N

AR N N N N Y N NN

<

A N N N N R




ppa
psa
ptr
ptr
pco
ppe
pgr
glo
rsi
rch
ssp
sbr
sbo
shi
spa
sce
sed
smo
sun
sgi
sit
Svi
SCi
sly
spe
stu
sbi
spo
sas
tha

tca

tpr

tae
tdi
ttu
tar
ugi
vma
vpl
vmu
wi
zma-b104
zma
zosmarina

zjn

Physcomitrium patens
Pisum sativum
Populus trichocarpa
Populus trichocarpa
Prasinoderma coloniale
Prunus persica
Punica granatum
Quercus lobata
Rhododendron simsii
Rosa chinensis
Saccharum spontaneum
Salix brachista
Salvia bowleyana [Dunn]
Sapria himalayana
Schrenkiella parvula
Secale cereale
Sechium edule
Selaginella moellendorffii
Selenicereus undatus
Sequoiadendron giganteum
Setaria italica
Setaria viridis
Simmondsia chinensis
Solanum lycopersicum
Solanum pennellii
Solanum tuberosum
Sorghum bicolor
Spirodela polyrhiza
Striga asiatica
Tarenaya hassleriana
Theobroma cacao [Matina 1-6]
Trifolium pratense
Tripterygium wilfordii
Triticum aestivum
Triticum dicoccoides
Triticum turgidum [Svevo]
Trochodendron aralioides

Utricularia gibba

Vaccinium macrocarpon [Stevens]

Vanilla planifolia [Daphna]
Vigna mungo
Vitis vinifera
Zea mays [B104]
Zea mays [B73]
Zostera marina

Zoysia japonica ssp. nagirizaki

3218
3888
3694
3694
156133
3760
22663
97700
118357
74649
62335
2182728
424416
289637
98039
4550
184140
88036
176265
99814
4555
4556
3999
4081
28526
4113
4558
29656
4170
28532
3641
57577
458696
4565
85692
4567
4407
13748
13750
51239
3915
29760
4577
4577
29655
309978

18079367
31477930
16973872
16973872
32572216
23525075
28654223
27621377
33077749
29713014
30297971
31745089
33634943
33485466
21822265
33737755
33517348
21551031
33750805
32948606
22580950
33020633
32195345
22660326
25064008
21743474
19189423
24548928
31522940
23983221
23731509
26617401
32080175
25035500
28684525
30962619
31738437
28507139
33643360
NA
32794377
17721507
NA
19965430
26814964
26975196

(127)
(33)
(128)
(128)
(129)
(130)
(131)
(132)
(133)
(134)
(135)
(136)
(137)
(34)
(138)
(139)
(140)
(141)
(142)
(143)
(144)
(145)
(146)
(147)
(148)
(149)
(150)
(151)
(152)
(153)
(154)
(155)
(156)
(157)
(158)
(159)
(160)
(161)
(162)
(163)
(164)
(165)
(166)
(167)
(168)
(169)

N

D R N NN A NN D N N NN A N N N Y NN

SR NEE NI NN

RN N

A N N




Supplementary Figures

Supplementary Figure S1: Species overview of PLAZA 5.0

Data content overview Monocot (A) and Dicots (B) instances PLAZA 5.0. Orphan gene
families are single-copy species-specific genes. GO evidence groups are based on the
following GO evidence types: Experimental (EXP, IDA, IPI, IMP, IGI, IEP), Computational
Reviewed (ISS, ISO, ISA, ISM, IGC, IBA, IBD, IKR, IRD, RCA) and Electronic (TAS, NAS,
IC, ND, IEA, NR).
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Supplementary Figure S2: WGMapping tool

Ideogram genome-mapping of two different gene sets in Zea mays. The red genes are a set
of 3322 genes from the maize GLK2 ChIP-Seq experiment, obtained from the BED import
example described in the main manuscript (Figure 2). The blue genes represent 445 genes
annotated with the photosynthesis GO term (G0O:0015979).
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