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Diverse Form and Life History 







Pinaceae    Reads  Contigs* 
• Pinus taeda   4,074,360 164,506 
• Pinus palustris     542,503  44,975 
• Pinus lambertiana  1,096,017  85,348 
• Picea abies     623,144  36,867 
• Cedrus atlantica     408,743  30,197 
• Pseudotsuga menziesii  1,216,156  60,504 
 

Other Conifer Families 
• Wollemia nobilis     471,719  35,814 
• Cephalotaxus harringtonia   689,984  40,884 
• Sequoia sempervirens    472,601  42,892 
• Podocarpus macrophylla   584,579  36,624 
• Sciadopitys verticillata    479,239  29,149 
• Taxus baccata     398,037  33,142 
 
*Assembled using MIRA 

JGI CSP - Conifer EST Project 

Transcriptome Assemblies Statistics 



http://ancangio.uga.edu/ng-genediscovery/conifer_dbMagic.jnlp 





Loblolly pine PAL amino acid sequence alignment 



Analysis Method 

 Sequence Collection  

 PlantTribe, PlantGDB, GenBank, Conifer DBMagic 
assemblies 

 25 taxa comprising of 71 sequences 

 

 Phylogenetic analysis  

 Maximum Likelihood: RAxML (Stamatakis et. al) 

 Bayesian Method: MrBayes (Huelsenbeck, et al.) 

 Tree reconciliation: NOTUNG  2.6 (Chen et al.) 

 

  

 

 



Phylogenetic Tree of Vascular Plant PALs  



Phylogenetic 

Analysis of 

Conifer PAL 

Gene Sequences 

Conifer-specific branch 

shown in green 





Amino Acids Under Relaxed Constraint 

Maximum Likelihood analysis  

 

  Nested codon substitution models  

 M0   :  constant dN/dS ratio 

 M2a :  rate ratio ω1< 1, ω2=1 and ω3>1 

 M3   :  (ω1< ω2< ω3) 

 (M0, M2a, M3, M2a+S1,  M2a+S2, M3+S1, M3+S2) 

 

  Fitmodel version 0.5.3 ( Guindon et al. 2004) 

 S1 : equal switching rates (alpha =beta) 

 S2 : unequal switching rates (alpha ≠ beta) 

 

 

 



Variable 
gymnosperm PAL 
amino acid 
residues mapped 
onto a crystal 
structure for 
parsley PAL 





Jiao et al. 2011 Nature 473:97-100 

Ancestral polyploidy in seed plants and angiosperms 



Some Confusing 
Gnetales Characteristics 

• S-lignin 
• Vessel elements 
• Cone-like structures 
• Reduced bract-like leaves 



Anthophyte 

‘Gnetifer’ ‘Gnepines’ 

Are the Gnetales 
Derived Conifers? 



Phylogenetic 

Analysis of 

Conifer PAL 

Gene Sequences 

Conifer-specific branch 

shown in green 





Leafy Needly 

Yang et al. (2012) Mol Phylo Evol 64: 452 



Lee et al. (2011) PLoS Genet 7: e1002411 

Land Plant  
Phylogeny 

Tree based on 190 
Core genes 



Lee et al. (2011) PLoS Genet 7: e1002411 

Land Plant  
Phylogeny 





www.onekp.com 



Araucariaceae Wollemia nobilis 
Cephalotaxaceae Cephalotaxus harringtonia 
Cephalotaxaceae Amentotaxus argotaenia 
Cupressaceae Athrotaxis cupressoides 
Cupressaceae Austrocedrus chilensis 
Cupressaceae Calocedrus decurrens 
Cupressaceae Chamaecyparis lawsoniana 
Cupressaceae Cryptomeria japonica 
Cupressaceae Cunninghamia lanceolata 
Cupressaceae Diselma archeri 
Cupressaceae Fokienia hodginsii 
Cupressaceae Glyptostrobus pensilis 
Cupressaceae Juniperus scopulorum 
Cupressaceae Metasequoia glyptostroboides 
Cupressaceae Microbiota decussata 
Cupressaceae Papuacedrus papuana 
Cupressaceae Pilgerodendron uviferum 
Cupressaceae Platycladus orientalis 
Cupressaceae Sequoia sempervirens 
Cupressaceae Taiwania cryptomerioides 
Cupressaceae Taxodium distichum 
Cupressaceae Thuja plicata 
Cupressaceae Thujopsis dolabrata 
Cupressaceae Widdringtonia cedarbergensis 
 

Pinaceae  Abies lasiocarpa 
Pinaceae  Cedrus libani 
Pinaceae  Keteleeria evelyniana 
Pinaceae  Larix speciosa 
Pinaceae  Picea engelmannii 
Pinaceae  Pinus parviflora 
Pinaceae  Pinus radiata 
Pinaceae  Pinus jeffreyi 
Pinaceae  Pinus ponderosa 
Pinaceae  Pseudotsuga wilsoniana 
Pinaceae  Tsuga heterophylla 
Podocarpaceae Dacrycarpus compactus 
Podocarpaceae Falcatifolium taxoides 
Podocarpaceae Halocarpus bidwillii 
Podocarpaceae Manoao colensoi 
Podocarpaceae Microcachrys tetragona 
Podocarpaceae Nageia nagi 
Podocarpaceae Phyllocladus hypohyllus 
Podocarpaceae Podocarpus coriaceus 
Podocarpaceae Podocarpus rubens 
Podocarpaceae Prumnopitys andina 
Podocarpaceae Sundacarpus amarus 
Sciadopityaceae Sciadopitys verticillata 
Taxaceae  Taxus baccata 
Taxaceae  Taxus cuspidata 
Taxaceae  Torreya taxifolia 
Taxaceae  Torreya nucifera 

51 Conifer Species in the 1KP Project 



“Evolution is, so to speak, an experimentalist 
that has been running experiments for three 
and a half billion years, since the origin of life 
on Earth. And, wonderfully, the genomes of 
today's organisms retain the lab notes of 
these experiments, so that we can go back 
and reconstruct the events that took place.” 
 
-Eric Lander ("Genetics" in Biology, 7th Ed., 2005) 



“Evolution is, so to speak, an experimentalist 
that has been running experiments for three 
and a half billion years, since the origin of life 
on Earth. And, wonderfully, the genomes of 
today's organisms retain the lab notes of 
these experiments, so that we can go back 
and reconstruct the events that took place.” 
 
-Eric Lander ("Genetics" in Biology, 7th Ed., 2005) 

Our challenge will be to reconstruct the notebooks lost 
to retirements and laboratory disasters 
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