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Tree Thinking  





The Concept of  Tree of  Life 



What is a phylogenetic tree? 

•  Evolutionary	relationships	---like	family	tree	

From	Darwin’s	The	Origin	of	Species	(1859)	



What is a phylogenetic tree? 

• Branching	pattern;	common	ancestors		
•  Extinct	taxa	not	include	(fossil)	
• Various	equivalent	styles	
• Bifurcating	tree;	complex	network	
• Hypotheses,	not	definitive	facts	



Homology is easily determined using 
molecular characters than 
morphological characters. 

Building the Tree ---data 



• Using molecular data (morphological data) 
v  Generate data by yourself  (loci, genome, etc) 
v  Mining public database (e.g., GenBank) 
v  Combine 

• Sampling: Gene Choice and Taxon sampling 

v  chloroplast, mitochondrial, and nuclear (plants) 
v  representative (different scales) 

Building the Tree ---molecular data 



N Generation Sequencing 
o Target Enrichment 

Building the Tree 



Growth of  molecular data for rosids in 
GenBank (2008-current) 



• Alignment	(Molecular	and	Morphological)	

•  Evolutionary	model	(substitution	rate)	

•  Inference	methods:	
•  Maximum	Likelihood	(ML	tree):	RAxML	
•  Maximum	Parsimony	(MP	tree):	PAUP,	GARLIC	
•  Bayesian	Inference	(BI	tree):	MrBayes	(Metropolis-coupled	Markov	
Chain	[MCMC])	

Building the Tree ---Standard procedure 



•  Software:	
•  http://evolution.genetics.washington.edu/phylip/software.html	

Building the Tree --- software 



• Web-server:	

•  http://www.phylogeny.fr/		
•  Simple	Phylogeny:	
https://www.ebi.ac.uk/Tools/phylogeny/
simple_phylogeny/	

•  CIPRES:	https://www.phylo.org		

Building the Tree ---online webserver 



• Using phylogenetic data 
v Built by yourself  
v Open Tree of  Life 

Hinchliff et al., 2015 

Building the Tree ---subset supertree 



Building the Tree ---Subset tools 

•  Using	published	phylogenetic	data	
•  Phylomatic:	http://phylodiversity.net/phylomatic/	
•  http://www.darwintree.cn/flora/index.shtml	

•  Megatree	as	backbone	
•  Target	species	list	

•  fagaceae/quercus/Quercus_robur	
•  dipterocarpaceae/Shorea/Shorea_parvifolia	

•  Format:	nexml,	newick	

•  Other	software	phyx,	and	newickutils,	opentree_pytoy,	R	
packages	(e.g.,	rotl).		



Examples 1: 



Examples 2: 



So easy …?! 
 

 Still some big Challenges! 



Challenge: data availability 



5-gene Sampled 

5-gene Un-sampled 

data bias 



Challenge: algorithm & Computation 





•  Phylogenetic framework and taxonomy 

•  Evolutionary events 

•  Diversification analyses 
v  Diversification Rate shifts 
v  Diversification rate through time plot 

v  Against envormantal/climat profile 

Jetz	et	al.	2012； APG	IV,	2016;	García	et	al.,	2017	

Using the Tree ---research application 



•  Functional traits 
v Ancestral States Reconstruction 

•   Community ecology, Historical 

  biogeography, Key innovations 

•  Phylogenetic diversity (PD) 
v Distribution data (specimen data) 
 
 

########################################################### 

Comparative tools 
v R packages (ape, phytools,caper, medusa, geiger, BioGeoBEARs, 

phangorn, picante, RPANDA, TESS, treepar) 
v Python: PyRate, ete3 
v Bash: phyx  
v C/C++: BAMM 
v Rev: RevBayes 

Drummond	et	al.	2012;	

Using the Tree ---research application 



CASE 1: 
Tree of Life: China Project 



CASE 2: 
 



Using the Tree ---more practical  

• Biodiversity 

• Eco-system 

• Conservation 

• Climate change 

• Crop improvement 



•  Disease 
•  Drug Discovery 



Phylogenetic diversity (PD) 



Nature Reserves Vs. PD hotspots  
in China 

Grid	cells	with	the	top	5%	highest	
phylogenetic	diversity	and	SES-PD	at	
genus	(pink)	and	species	(blue)	levels.	
Protected	areas	are	highlighted	in	
green.	Maps	adapted	from	National	
Administration	of	Surveying,	Mapping	
and	Geoinformation	of	China	
(http://www.sbsm.gov.	cn;	review	
drawing	number:	GS(2016)1576).	



“Look deep into nature, and then you 

will understand everything better ”  

    --- Albert Einstein 

Preserving and Teaching the  
Tree of  Life  
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