
 
Open Green Genomes (OGG): expanding our 

framework for comparative plant genomics 

 
A plant science community 
initiative including > 100 
contributors in addition to 
JGI and AGI collaborators 
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Many Genes => Complex Interactions 

Genes co-expressed with 
cellulose synthase gene 
CESA1 in Arabidopsis 

Colin Ruprecht and Staffan Persson. 2012. Front. Plant Sci. https://doi.org/10.3389/fpls.2012.00083  



Phylogenomics (Eisen et al. 1997, Philippe & 
Blanchette 2007): 
•  Using genome-scale data to resolve phylogentic 

relationships 
•  Genome-scale/gene family analyses placed in the 

context of an organismal phylogeny 



One Thousand Plant Transcriptomes (1KP) 
Consortium (www.onekp.com) 

What do nuclear genes tell us 
about relationships across the 
green tree of life? 

+ more than 100 contributors!  



Phylogenomics Workflow 
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410 (mostly) single copy genes 
sampled from 1021 taxa 

Chromista  Chlorophyta  Rhodophyta  

www.onekp.com/public_data.html	
	



One Thousand Plant Transcriptomes Initiative.  In review 
  

Coalescent-Based Analysis of 410 Single-Copy 
Genes Trees 



Inferred history of genome duplications 
(Barker Lab, Arizona) 

One Thousand Plant Transcriptomes Initiative.  In review 
  



Polyploid Ancestral Angiosperm Supported by Synteny 
Analysis of Amborella Genome   

Amborella Genome Project Science 2013 ;342:1241089; in prep. 
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Eudicot Ancestral Hexaploid (γ) 

Poales Ancestral Tetraploid (σ) 

Monocot Ancestral Tetraploid (τ) 

Angiosperm Ancestral Tetraploid (ε) 

Ancestral Angiosperm Genome Reconstruction  

Amborella Genome Project  



Phytozome, the Plant Comparative Genomics portal of the Department of Energy's 
Joint Genome Institute, provides JGI users and the broader plant science community a 
hub for accessing, visualizing and analyzing JGI-sequenced plant genomes as well as 
selected genomes and datasets that have been sequenced elsewhere….. 



David Goodstein (JGI) 



David Goodstein (JGI) 



Wilhelmsson et al. 2017.  Comprehensive Genome-Wide Classification Reveals That Many Plant-Specific 
Transcription Factors Evolved in Streptophyte Algae Genome Biol Evol .9(12):3384-3397. doi:10.1093/gbe/evx258 

Evolution of gene copy number in 
transcription associated protein (TAP) 
gene families 

https://plantcode.online.uni-marburg.de/tapscan/ 

Stefan Rensing 
(Marburg) 



Primary Objectives of OGG 
•  Improve understanding of genome stucuture and 

gene function in plant species relavant to DOE’s 
mission through improved resources for 
comparative genome analyses 
 

•  Improve understanding of the diversity of gene and 
genome content, structure and function accross all 
land plant lineages 

 
-> Fill phylogenetic gaps in available genome sequences in 
order to refine ancestral genome reconstruction and 
inferences about the evolution of genome content and gene 
function. 

 



JGI flagships  
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OGG Sampling Rationale 

•  Phylogenetic position – minimize phylogenetic 
distance among well assembled and annotated 
genomes 
 

•  Genome size and complexity – ease of genome 
sequencing and assembly negatively correlated with 
genome size, heterozygosity and repeat content 
 

•  Experimental tractability – availability of material and 
ability to propagate plants 



Increasing Diversity of Monocot Reference 
Genomes 
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Barros et al. 2016 Nature Plants; Maeda 2016 Nature Plants 



Acorus was sister to all other taxa, both with 100%
bootstrap support. At the ordinal level, Alismatales
(Lemna L.), Liliales (Lilium), Dioscoreales–Pandanales
(Dioscorea L.–Pandanus Parkinson), and finally Aspar-
agales and the commelinids diverged from progressively
more recent nodes. Bootstrap support for the branching
sequence of Liliales, Dioscoreales–Pandanales, and
Asparagales was, however, weak (52%–56%), as was
that for the monophyly of Asparagales (Fig. 2). The

commelinids as a whole, and each of their five orders,
had 100% bootstrap support. Poales was resolved as
sister to Arecales, and Dasypogonales as sister to
Commelinales–Zingiberales, but both relationships had
weak support.

Within Poales, Bromeliaceae were sister to all other
taxa, with 100% bootstrap support, followed by the
divergence of Typhaceae and Rapateaceae at the two
succeeding nodes, with 97% and 100% support,

Figure 2. Phylogram for the single MP tree resulting from analysis of the plastome data, rooted using Amborella Baill.
Branch lengths are proportional to the number of inferred substitutions down each branch. Bootstrap support for each node is
shown above the corresponding branch. Monocots are highlighted with magenta branches; cyperids, xyrids, restiids, and
graminids, with colored boxes. Full scientific names and authorities for the exemplars shown are given in Appendix 1.
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Take home points 
•  Open Green Genomes initiative is a community driven 

effort to generatate reference quality genome assemblies 
and annotations for un/undersampled lineages in the land 
plant phylogeny. 
 

•  Improved taxon sampling will yield new insights in the 
evolution of gene/gene familily content and genome 
structure.  
 

•  Associated gene expression atlases and diversity panel 
resequencing for 35 species will facilitate gene 
annotation, and initial investigations of gene function and 
evolutionary constraint.   



Thank You ! 



Phylogenetic Definition of a Gene Family/Subfamily: 
Last common ancestor of gene set and all descendants 
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