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Abstract 

The evolution of land plants has involved significant restructuring and expansion of gene 
networks responsible for developmental processes, leading to the emergence of new 
expression patterns and gene activities. The transcriptional co-regulators LUG (LEUNIG) and 
SEU (SEUSS) play crucial roles in Arabidopsis thaliana's sexual reproduction, participating in 
various development processes required for forming angiosperm-specific features. While LUG
and SEU have existed for at least 500 million years, their exact phylogenetic relationship, and 
when they became protein interaction partners remain unclear. We carried out phylogeny 
reconstruction, protein domain analysis and comparative transcriptome analysis to elucidate 
the evolutionary dynamics of the LUG and SEU gene homologs across land plants, revealing 
insights into protein interactions and lineage-specific adaptations. LUG and SEU proteins from 
diverse land plant lineages interact via the same protein regions and these domains are also 
found in Zygnematophyceae, suggesting that LUG-SEU dimerization predates land plants but 
is not found in other Streptophyte algae lineages. Our findings suggest that while physical 
interactions are conserved among the LUG/SEU proteins in land plants and beyond, there 
exist lineage-specific differences in expression patterns and domain organization, which may 
contribute to functional diversification of LUG and SEU during evolution. Further research is 
warranted to elucidate the structural and functional implications of these variations across 
diverse plant lineages. 

Introduction 

During land plant evolution, gene networks governing developmental processes rewired and 
expanded tremendously, allowing for the generation of novel expression patterns and the 
regulation of novel genes. Gene duplications, changes in gene expression and protein 
domains structure of transcription factors and co-regulators are drivers of regulatory diversity. 
The origin of novel reproductive organs, such as the land plant-specific antheridia and 
archegonia, pollen, stamens, and ovules that emerged in the lineage leading to seed plants 
and the angiosperm-specific carpels involved the evolution of gene regulatory networks 
specifying organ and tissue identity for their initiation and development (Becker et al. 2025). 

Unlike many transcription factors that act specifically in the development of one to few tissues 
or organs in plants, the eukaryotic transcriptional co-regulators LEUNIG and SEUSS are 
involved in the development of all reproductive organs in Arabidopsis thaliana via binding to a 
multitude of transcription factors of different families. LUG-like genes (LUG and 



LEUNIG_HOMOLOG (LUH) in Arabidopsis) encode transcriptional regulators in plants, with 
similarities to proteins in yeast, fruit flies and humans, belonging of the Gro/TLE super family 
of transcriptional co-repressors (Liu und Meyerowitz 1995; Conner und Liu 2000; Liu und 
Karmarkar 2008). The LUG protein family members contain a LUFS domain (Sridhar et al. 
2004; Liu und Karmarkar 2008) near its N-terminal end, a central glutamine-rich region, and 
several WD repeats at their C terminus. The LUFS domain mediates interaction with members 
of the SEU protein family. LUG-mediated target gene repression is largely based on LUG’s 
interaction with the class A histone deacetylase HDA19, a histone modifying enzyme 
(Gonzalez et al. 2007). A smaller number of targets are repressed by LUG’s interaction with 
HEN3 and Med14, members of the mediator complex that enables direct contact to and 
regulation of RNA Pol II activity (Gonzalez et al. 2007). Thus, LUG interaction with SEU, 
histone modifiers/mediator complex members, and transcription factors (TFs) leads to the 
repression of the TF targets, for most targets by modifying chromatin structure, and for a few 
targets by direct interference with RNA Pol II.  

SEU and the related three SEUSS-like (SLK1-3) genes of Arabidopsis encode a small group 
of transcriptional adaptors in plants that include glutamine-rich regions amd a conserved 
domain with sequence similarity to the LIM-domain-binding (Ldb) family of TFs, described in 
animals and yeasts (Franks et al. 2002; Bao et al. 2010). SEU proteins lack, as do other Ldb-
containing proteins, a recognizable DNA-binding domain and require DNA-binding cofactors 
to regulate target gene expression. SEU-like proteins are thought to act as an adaptor protein 
attaching the transcriptional repressors of the LUG protein family to target TFs (Sridhar et al. 
2006), but they may also act without LUG. For root stem-cell fate determination in Arabidopsis, 
SEU is required to assembles a transcriptional complex by physically interacting with the TF 
SCARECROW to promote the expression of WOX5, the main root stem cell organizing TF At 
the WOX5 promoter, SEU recruits a SET DOMAIN GROUP methyl transferase (SDG4, also 
named ASHR3) which induces H3K4me3 leading to activation of WOX5 expression. SEU 
interacts with SCR via its LBD domain, whereas interactions with the histone methyl 
transferase involves the N-terminal Q-rich domain (Zhai et al. 2020). Direct protein interaction 
of SEU was also demonstrated for several target transcription factors involved in reproductive 
development, such as AP1, ARF3,  ARR14, BP, KNAT, SEP3, STM,  WUS,  YAB1, YAB3 
(Franks et al. 2002; Bao et al. 2010; Pfluger und Zambryski 2004; Herrera-Ubaldo et al. 2023)). 
However, some TFs can bind to LUG alone, for example, IND, YAB1, YAB3, FIL, JAG, and 
PHV, but most of these proteins also interact with SEU. At present, it is largely unclear which 
domain of LUG and SEU mediates interaction with the TFs of different TF families. Moreover, 
LUG and LUH act partially redundantly, as do the SEU and SLK1-3 genes (Bao et al. 2010; 
Sitaraman et al. 2008).  

Drought stress causes severe delay of reproductive organ development in Arabidopsis 
lowering reproductive success and of many genes involved in stamen and pistil development 
show reduced expression under drought stress conditions. However, this developmental delay 
or even arrest is reversible when drought stress is relieved (Su et al. 2013), but the molecular 
mechanism of concerted down-regulation of the developmental regulators remains unclear. 
SEU was reported to play a major role in osmotic stress response, which is imposed by drought 
or salinity stress. SEU is an essential regulator for transcriptional activation of several major 
drought-stress responsive genes in Arabidopsis (Wang et al. 2022). Unexpectedly, this 
regulatory process occurs either independently or upstream of abscisic acid (ABA). Further, 
the work by Wang et al., (2022) demonstrates that SEU proteins form liquid-like nuclear 
condensates by conformational changes to the N-terminal intrinsically disordered region 



(IDR1), such that SEU adopts a more compact state upon increase of extracellular osmolarity 
(Wang et al., 2022). Further, SEU expression, unlike LUG or LUH expression is highly 
upregulated in high sucrose concentrations (Sitaraman et al. 2008; Bao et al. 2010). Thus, 
SEU may act as a nuclear sensor for osmotic stress (Wang et al., 2022), linking drought stress 
response to developmental regulation, possibly via chromatin modifications. Interestingly, SEU 
homologs from dicots and monocots, and the liverwort Marchantia polymorpha form 
condensates in high salinity conditions. M. polymorpha condensates are found throughout the 
cytoplasm, while in Arabidopsis and most other angiosperms, SEU condensates are nuclear 
localized (Wang et al., 2022).  

Reproductive development under drought stress requires tight coordination of drought-stress 
responsive genes and those genes that direct reproductive development. LUG and SEU are 
good candidates to fine-tune this coordinated gene expression regulation, because in A. 
thaliana, they act in several developmental processes essential for sexual reproduction. (1) 
LUG/SEU + APETALA1 (AP1) repress the floral homeotic gene AGAMOUS, thereby providing 
temporal and spatial clues for reproductive organ initiation in the floral center (Gregis et al. 
2006; Gregis et al. 2009). (2) LUG + EAR motif-containing adapter protein (ECAP) are required 
for microspore development in the anthers (Shi et al. 2024). (3) SEU + unknown proteins are 
important for megagametophyte development (Bao et al. 2010). (4) LUG/SEU + INNER NO 
OUTER (INO) enable formation of the outer ovule integument (Simon et al. 2017). (5) LUG + 
AINTEGUMENTA (ANT) promote the carpel marginal meristem development resulting in ovule 
initiation and carpel fusion (Liu et al. 2000). Taken together, the LUG and SEU are involved in 
the development of several angiosperm-specific traits such as carpel marginal tissue formation 
and the specification reproductive organ location in the flower. But it is also essential for micro- 
and megagametophyte development in angiosperms, and expression of the LUG/SEU module 
in gametophytes and sporophytes was shown in the bryophyte Anthoceros agrestis and the 
fern Ceratopteris richardii (C-fern) (Li et al. 2020; Marchant et al. 2022).  

Previous phylogeny reconstructions have shown that LUG and SEU gene families date back 
to at least the Bryophyte lineage (Pfannebecker et al. 2017), but they were done before high 
quality genome sequence was available for streptophyte algae and representatives of all land 
plant lineages (Bryophytes, Monilophytes, seed plants), leaving gaps on the duplication history 
of these gene families. Thus, LUG and SEU homologs were present during at least 500 million 
years of land plant evolution, however, we lack information on their phylogenetic context and 
when they became protein interaction partners. Their ability to interact allows fine-tuning of 
target gene expression, and this may have been a prerequisite for the emergence and 
evolution of the complex body plans of land plants. 

Here, we provide a thorough phylogenetic analysis of LUG and SEU homologs from all major 
land plant lineages and streptophyte algae representatives, documenting an overall moderate 
number of genes in the analyzed plant lineages and only few duplications giving rise to 
subfamilies. This is unexpected, because transcriptional regulators tend to maintained after 
whole genome duplications (WGDs) at a higher proportion than other genes. Land plants 
underwent multiple rounds of WGDs with many lineage-specific WGDs, often leading to large 
families of transcriptional regulators. Our domain structure analysis corroborates the 
observation that these two gene families show little change over the past 500 million years. 
Further, protein interaction analysis between LUG and SEU homologs of the major land plant 
lineages suggest that dimer formation already in the last common ancestor of all land plants, 



rendering the LUG and SEU protein families as prime examples for coevolution at the scale of 
proteins.  

Materials and Methods 

Phylogeny reconstructions and protein domain/structure analyses 
Sequences of full length SEU- and LUG-like proteins of Arabidopsis thaliana, Arabidopsis 
lyrata, Cleome violacea, Carica papaya, Phaseolus vulgaris, Cicer arietinum, Lens culinaris, 
Vicia faba, Vitis vinifera, Lepidum sativum, Helianthus annuus, Solanum tuberosum, Solanum 
lycopersicum, Aquilegia coerulea, Eschscholzia californica, Oryza sativa, Zea mays, 
Nymphaea colorata, Amborella trichopoda, Thuja plicata, Cycas panzhihuaensis, Ginko biloba, 
Adiantum capillus-veneris, Azolla filiculoides, Salvinia cucullata, Ceratopteis richardii, 
Selaginella moellendorffii, Diphasiastrum complanatum, Physcomitrium patens, Marchantia 
polymorpha, Anthoceros agrestis, Sphagnum fallax, Sphagnum magellanicum, Ceraton 
purpureus, Mesostigma viride, Klebsormidium nitens, Chlorokybus atmophyticus, Penium 
margaritaceum, and Chara braunii  were acquired using BLAST-search (Altschul et al. 1990) 
from Phytozome (https://phytozome-next.jgi.doe.gov/) or the ICIPS-garden BLAST server 
(http://134.176.27.173/blast/, Roessner et al. 2024). The sequences were aligned using 
MAFFT (Katoh et al. 2002). Maximum-likelihood phylogenies were generated using IQ-TREE2 
(Minh et al. 2020) with 100 bootstraps. All computing was carried out using de.NBI VM large 
(28 VCPUs, 64 GB RAM). Sequences of ingroup SEU- and LUG-like proteins were fed into 
NCBI conserved domains (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi, (Wang et al. 
2023). Positions of putative alpha helices were identified using AlphaFold (Abramson et al. 
2024). Positions of alpha-helices, Lim binding-, WD-, LisH-domains and positions Glutamin 
residues were visualized using R 4.2.3.. Protein structures and interactions were predicted 
using AlphaFold 3 (Abramson et al. 2024). The computed structural models were visualized 
and modified using open source PyMol 3.0 (Schrödinger LLC 2010). A python script was used 
to extract the position of α-helices with a pIDDT of ≥ 70 from the modeled SEU orthologs via 
PyMol (Supplemental script 1). 

For analysis of interacting AA residues, closeness of residues was defined as a residue with a 
pIDDT confidence of > 50 within 4.5 Å of a residue with a pIDDT confidence of > 50 of the 
other protein chain (Abramson et al. 2024; Parvathy et al. 2024). Two python scripts were used 
to a) visualize the first 160 AA of the LUG protein as well interacting SEU residues and 20 
atoms around those regions (Supplemental script 2), and b) to extract the position of all 
interacting residues which were visualized in R version 4.4.1 (R Core Team 2022) and RStudio 
(Posit team 2024) using using ggplot2 (Wickham 2016) (Supplemental scripts 3 and 4). 

Digital gene expression analysis 
Transcriptome data were obtained from (Mergner et al. 2020) for Arabidopsis, from (Lang et 
al. 2018; Sreedasyam et al. 2023) for P. patens, from (Marchant et al. 2022) for C. richardii 
and from (Briginshaw et al. 2022; Bowman et al. 2017; Frank und Scanlon 2015; Higo et al. 
2016; Hisanaga et al. 2021; Julca et al. 2021) for M. polymorpha and visualized using the 
pheatmap (Kolde 2019) and ComplexHeatmap (Gu 2022) packages for R. 

Results and discussion 



LEUNIG and SEUSS homologs were present in the last common ancestor of 
land plants 
To elucidate the evolutionary relationships of LUG and SEU homologs, phylogeny 
reconstructions and protein sequence analyses were carried out with LUG and SEU homologs 
of representatives of all major land plant lineages (Bryophytes and vascular plants including 
Lycophytes, Monilophytes, gymnosperms and angiosperms) as well as Streptophyte algae, 
using 39 species with reference quality genomes. Fig. 1 and Supplemental Figure 1 show that 
SEU homologs are present in all genomes examined in this study, with each homolog having 
a characteristic LIM-binding domain, with an adjacent glutamine-rich region. Furthermore, 
structural predictions identify at least two alpha helices in N-terminal of the LIM-binding domain 
of all SEU homologs. Phylogenetic analysis indicates that SEU homologs fall into three 
monophyletic clades, the SEU-clade, the SLK-clade and the preSEU/SLK clade.  The SEU-
clade includes representatives of all major land plant lineages, whereas the SLK-clade 
includes only sequences derived from vascular plants. The third clade, termed pre-SEU/SLK 
clade includes sequences of streptophyte algae, bryophytes, lycophytes, monilophytes and 
gymnosperms but lacks angiosperm sequences. The monophyly of the SEU- and SLK-clades 
has robust support (94% bootstrap), with the SEU- and SLK-clade each having bootstrap 
values of 72% and 49%, respectively. The pre-SEU/SLK clade has a 99% bootstrap value. Our 
findings suggest a loss of pre-SEU/SLK clade genes in angiosperms and SLK clade genes in 
bryophytes, lycophytes and monilophytes. Interestingly, the lycophyte Selaginella 
moellendorfii (spikemoss, lycophyte) lost the SEU-clade member, but this may be a species-
specific loss. 

Analogous to SEU members, LUG homologs are also present in all land plants and in 
streptophyte algae (Fig. 2 and Supplemental Fig. 2). All homologs identified in this analysis 
include two to five WD domains at the C-terminal region of the protein and several adjacent Q-
rich stretches. Most land plant sequences include a LisH domain, which is required for SEU 
protein binding. However, some land plant proteins that lack the LisH domain may not be 
annotated properly, as their N-terminal protein region is short when compared to the LisH 
containing proteins. Only a single streptophyte algae sequence (from Klebsormidium nitens) 
includes the LisH domain but the other algae sequences may also not be annotated correctly, 
with the first exon possibly missing. Our phylogeny shows that the land plant LUG and LUH 
proteins are sister to the LUG/LUH sequences present in streptophyte algae with 100% 
bootstrap support. However, only seedplant LUG and LUH sequences are supported as 
monophyletic clades (83% and 85% bootstrap support, respectively) while monilophytes LUG 
homologs are sister to seedplant LUG homologs with 74% bootstrap support. Other nodes 
showed a bootstrap support <60% and were considered as an unresolved polytomy harboring 
bryophyte and lycophyte sequences as well as both monophyletic clades. 

In summary, our phylogeny reconstructions identifies LUG and SEU homologs in all land plant 
lineages and Streptophyte algae with several subfamilies well supported, reporting novel LUG 
and SEU homologs from Streptophyte algae. However, in both phylogenies, algae sequences 
constitute subfamilies distinct from those of land plants.  

LUG and SEU homologs show high domain structure conservation 

Domain analyses and protein folding predictions across streptophyte algae and land plant LUG 
and SEU homologs support this phylogeny in that the larger domains and their positions are 
conserved in the majority of streptophyte algae and land plant sequences (Fig. 1 and 2). The 



canonical Arabidopsis SEU and SLK1-3 proteins have an N-terminal region of around 180 to 
300 amino acids (aa), followed by a LIM-binding domain of around 300 aa length and a C-
terminal region covering between 220 to 290 aa. While Q-rich stretches are present throughout 
the N-terminal and C-terminal regions, most of them are found in the N-terminal region close 
to the LIM-binding domain. Interestingly, we find conserved positioning of the LIM-binding 
domain and overall lengths of SEU proteins only in the SEU clade, with the exception of the 
single Anthoceros agrestis (hornwort) representative and one of the Zea mays (corn) proteins. 
In the pre-SEU/SLK clade, protein sequences are diverse in their length of the N- and C-
terminal regions and lack Q-rich stretches, with the exception of the Chara braunii
(streptophyte algae) sequence featuring several extreme accumulations of Q. 

The Arabidopsis LUG and LUH proteins have five WD domains in the C-terminal regions and 
a short N-terminal LisH domain required for SEU interaction. Additionally, LUG homologs 
feature a region, around 100 aa in length that is highly enriched in glutamine that is C-terminal 
of the LisH domain.. While all proteins in the phylogeny include two to five WD domains, the 
LisH domain is missing in a subset of proteins. All seed plants in our analysis include at least 
one LUG and one LUH representative with a similar protein structure, but may in some cases 
also encode proteins that lack parts present in the Arabidopsis sequences. Interestingly, A. 
agrestis LUG/LUH homolog lacks the LisH domain. However, among the streptophyte algae 
LUG/LUH homologs, only the Zygnematophyceae algae Klebsormidium nitans includes the 
LiSH domain, suggesting that LUG/SEU dimerization predates land plant origin and may have 
emerged in the Zygnematophyceae and was subsequently lost in the lineage leading to A. 
agrestis.

Protein interaction predictions show dimerization regions conserved across land plants 

The structures of LUG and SEU protein family members have not been resolved yet and it 
remains unclear, which regions of the proteins physically interact. We were interested in the 
common principles of interaction of LUG and SEU proteins and carried out protein dimer 
predictions using Alphafold and identified regions mediating contact between LUG and SEU 
homologs (Fig. 3). While large portions of LUG and SEU homologs are composed of IDR that 
are unable to fold into 3D structures (Fig. 3A), the contact regions of LUG/SEU homolog dimers 
fold into alpha-helices (Fig. 3B-E). According to the structure predictions, LUG homologs form 
a long alpha-helix that is in contact with a shorter SEU homolog alpha-helix. In addition, at 
least three shorter alpha-helices of LUG homologs are in contact with three shorter alpha-
helices of SEU homologs in the dimers consisting of members of the LUG and the SEU 
subfamily, and this is where the LisH domain is found in LUG homologs (Fig. 3B-D). In P. 
patens dimers, the shorter alpha-helices are not directly adjacent to the LisH domain (Fig. 3E).  
Interestingly, both M. polymorpha SEU homologs have a large surface composed of by beta-
sheets in the region predicted to be in contact with MpLUG, which are not present in SEU 
homologs of vascular plants. The LisH domain of all LUG homologs is in contact with the SEU 
homologs in dimers, but in the tested proteins of C. richardii and the Bryophytes, additional 
contact is predicted with the WD region at the C-terminal part of the protein (Fig. 3F). All tested 
SEU homolog proteins interact with their respective LUG homolog partners via amino acid 
residues that are spread across more than 250 amino acids of the LIM-binding domain (Fig. 
3F). This may require intricate protein folding of SEU homologs to enable proper positioning 
of these points of contact to LUG homologs.  



LUG and SEU homologs are expressed uniformly in sporophytic and gametophytic 
tissue 

Given the conserved protein domain structure and predicted protein interaction properties of 
LUG and SEU homologs, we assessed whether the functional diversification of LUG and SEU 
involves differential expression. We carried out digital gene expression analysis of LUG and 
SEU homologs in Arabidopsis, C.richardii, P. patens, and M. polymorpha of previously 
published transcriptomes. Fig. 4A shows that LUH of Arabidopsis is equally or stronger 
expressed than LUG in all tissues, while the SEU and SLK1-3 genes are similar in expression 
strength, with SLK2 being slightly stronger expressed. Both, LUG and SEU homologs are 
expressed in all tissues analyzed except for mature pollen.. Expression data of the histone 
modifiers HDA19 and SDG4 were added to the dataset.. SDG4 is most strongly expressed 
stamen and mature pollen and floral organs, but expression is lacking from leaves and seeds. 
Interestingly,  data from the ePlant browser (https://bar.utoronto.ca/eplant/; Waese et al. 2017) 
show expression of SGD4 not only in roots, but also in pistils, during stamen development and 
pollen tube growth through the ovary, suggesting that SGD4 may have an important role, 
maybe together with SEU, in gene activation in reproductive tissues, where they are both 
strongly expressed. In contrast, HDA19 is expressed in all tissues analyzed, with least 
expression in pollen grains. The C. richardii LUG and and the SEU homologs are expressed 
uniformly throughout all analyzed tissues. LUG is substantially stronger expressed than the 
SEU homologs. Uniform expression through the analyzed tissues is also observed for the P. 
patens LUG and SEU genes (Fig. 4B). However, While PpLUG1 is strongly expressed, 
PpLUG2 expression in hardly detected. PpLUG3, PpLUG4, PpSEU1 and PpSEU2 are 
expressed at approximately the same levels with PpSEU1 showing slightly higher expression 
and most genes show slightly higher expression in sporophytic than in gametophytic tissue 
(Fig. 4C). MpLUG of M. polymorpha is most strongly expressed in archegonia and shows least 
expression in sperm cells. MpSEU1 and MpSEU2 also show the weakest expression in 
archegonia. 

Taken together, comparative expression analysis between land plant lineage representatives 
shows few differences in expression between LUG and SEU homologs, with the exception of 
PpLUG2, which is barely detectable. Taken together with the observed aberrant domain 
organization (Fig. 2) may be on its way to pseudogenization. This broad expression of LUG 
and SEU homologs across all land plant lineages is unexpected because many developmental 
regulators show expression restricted to specific tissues or developmental stages.  
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Figure legends 

Figure 1: Simplified phylogeny of SEU, SLK and pre-SEU/SLK proteins. Maximum 
likelihood phylogenetic tress were calculated with % bootstrap replicates of 1000 runs shown 
on the right side of the respective node. Values below 45 were collapsed. On the right side, 



protein domain analyses are shown with amino acid number indicated on the Y axis. Q-
residues, alpha-helices and the LIM-binding domain are shown. 

Figures 2: Simplified phylogeny of LUG, LUH and pre-LUG/LUH proteins with % bootstrap 
replicates of 1000 runs shown on the right side of the respective node. Values below 45 were 
collapsed. On the right side, protein domain analyses are shown with amino acid number 
indicated on the Y axis. Q-residues, LisH and WD domains are shown. 

Figure 3: LUG and SEU protein interaction prediction. Detailed overview over LUG 
(blue) and SEU (brown) amino acid residues with close proximity to interacting 
partner. A) - E) LUG (blue) and SEU (orange) protein complexes with close residues. 
Close residues are defined as residues with pIDDT confidence > 50 that are within 
4.5 Å of a pIDDT > 50 confident partner chain residue. Regions with pIDDT < 50 are 
colored gray. For B) - E), only the first 160 residues of LUG proteins are depicted, as 
well as SEU residues in proximity to LUG and 20 neighbouring atoms in both 
directions. A) AtLUG + AtSEU full-length protein dimer. Sites of contact of the AtLUG 
+ AtSEU dimer B); the CrLUG + CrSEU1 dimer C); the MpLUG + MpSEU1 dimer D); 
the PpLUG1 + PpSEU1 dimer E). F) Position of contacting amino acid residues in the 
protein sequences in LUG (upper) and SEU (lower). Gray residues have either ≤ 50 
pIDDT confidence, or have no close residue within 4.5 Å. Dark blue residues are 
within 4.5 Å  to a residue of the other chain, with a pIDDT confidence of 50 < pIDDT ≤ 
70 for both positions, while dark green residues have a pIDDT confidence of > 70. 

Figure 4: Digital gene expression analysis of LUG and SEU homologs. Heatmaps of 
LUG and SEU expression values as log2(TPM + 1) in various developmental tissues. The 
scale is consistent across all subfigures. A) Expression values of adult A. thaliana leaves, 
roots and siliques, stage 10 embryos and stage 15 flowers and floral organs. Also containing 
expression values for SDG4 and HDAC19. B) P. patens expression values. C) Expression of 
orthologs in C. richardii. D) Expression in M. polymorpha Melbourne strain 15 d male and 
female thallus,  Tak-1 14 d antheridiophores and antheridia, Tak-1 sperm cells, Tak-2 
archegoniophores and archegonia, BC3 x Tak-1 13 d old sporophytes and in Cam1 x Cam2 
spores. 
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