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Explore the Angiosperm Diversity 

Using the Tree of Life and Biological Big Data
利用生命之树与生物学大数据探索被子植物多样性
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Outlines

Tree of Life

Biological Big Data

Applications of Tree of Life (My research cases)
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生命之树
Tree of Life

“Family tree”

tree-like topologies to describe 
the relationships

Phylogenetic tree
系统发育树 

1. Tree of Life

Soltis & Soltis, 2019
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• Root/unroot; branching pattern; common ancestors 
• Extinct taxa not include (fossil)
• Various equivalent styles
• Bipartition tree; complex network
• Hypotheses, not definitive facts

Tree of Life
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Trend of Sequence Generation

Sanger seq.

Genomic data

Wang et al.（2024）

A few loci ---->Genome skimming ----> Transcriptomes ----> WGS

Plastid gene/Mitochondrial (maternal) ----> Nuclear genes (biparental)
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Dawn of the Nuclear Phylogenomics

Johnson et al.（2019） Zuntini et al.（2024）Leebens-Mack et al.（2019） 6



Mega-phylogeny

3,646,220-taxon tree of life of seed plant

Phylogenomics
(1KP, PAFTOL) 

PyPHLAWD

Clusters

WCVP NCBI

Sun et al. (unpublished) 
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phylogenomic backbone
based on genomes and transcriptomes



2. Biological Big Data
Big data is often characterised by the 3Vs: 
• the large volume (数据体量)
• the wide variety (数据类型) 
• the velocity (产生速度)

Biological big data cater to the needs of 
biological research, including -omics; traits, 
spatial data, species names, etc NLP 
related.

Computation
cost

Data 
incomplete 

Data 
Heterogeneity

Data
storage

Uncertainty

Scalability

Optimization

Challenges
in biological 
big data

Small data is for people; Big data is for machines.
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3. Applications of Tree of Life

Tree of Life is a Platform



• Conservation and Biodiversity
• Climate change
• Ecosystem
• Crop improvement

3. Applications of Tree of Life

• Disease

• Drug discovery

10



Sun et al. (2015)

      Chloroplast, nuclear and mitochondrial genomic data, jointly 

confirmed conflict placement of the Celastrales-

Oxalidales–Malpighiales (COM) clade, and our analyses 

showing ancient hybridization occurred between the ancestral 

Fabidae and Malvidae lineages, along with chloroplastid 

intergression give rise to the  COM clade.

3-1. Reticulation Cause Phylogenetic Discordance

169
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3-2. Global Diversification Pattern of Rosids

Sun et al. (2020)

被子植物多样性格局成因
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Data Assembly

 20,194-taxa dated rosid tree
 Species distribution data 

     2,691,099 from iDigBio & 
GBIF
 Temperature Data Layers
      35,164 historical oxygen isotope 
data (δ18O) (~113 Myr)
16,986 species AMT data from 
WorldClim (Geographic tropic traits)
Köppen-Geiger climatic tropic traits 
for 17,635 species https://github.com/Cactusolo/rosid_NCOMMS-19-37964-T

Owen et al.（2017)

BAMM, RPANDA, DR, Pagel’s λ tests, 

STRAPP, FiSSE, es-SIM and HiSSE 

comparative methods, spatical and 

uncertiany analyses

3-2. Global Diversification Pattern of Rosids
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Tip rates vs. MAT correlations significantly negative 
across entire tree

3-2. Global Diversification Pattern of Rosids

Sun et al. (2020)
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 Tip rates vs. both geographic/climatic tropicality 
traits significantly correlated across entire tree

 λ non-tropical ~2 times λ tropical

Plot net diversification rate curves of 
major rosid clades against Tm
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3-2. Global Diversification Pattern of Rosids



3-2. Global Diversification Pattern of Rosids
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Negative relationship; Increased from 15 Myr, global cooling;
Tropical species age older,  rates lower vs. those outside tropics.

Sun et al. (2020)



3-3. Phylogenetic Diversity & Conservation
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Species richness vs. 
 Phylogenetic diversity (PD) 

(Courtesy from Dr. Joe Miller)



Build the first Chinese
26,978-taxa Angiosperm phylogeny

Lu et al. (2018)

Provide suggestions for the conservation and 
future nature reserve plans and strategy
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3-3. Phylogenetic Diversity & Conservation



Identified >3K species threatened not in Red List
Nonrandon, species‐poor more  likely to extinction

High risks in mountainous areas of southwest China
Evolutionary/environmental impact on extinction risk
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3-4. Phylogeny, Extinction Risk & Conservation

Zhao et al. (2025)



Lichman et al. (2020)

catmint
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Yang et al. (2018)

Xue et al. (2019)

plants — soil fungi

traits — rates

Dr. Benjamin R. Lichman 
Plant Biology CNAP, 

Department of Biology，
University of York

Dr. Haiyan Chu
Institute of Soil 
Science, Chinese 

Academy of 
Sciences

Dr. Bine Xue    
College of 

Horticulture, 
Zhongkai University

3-5. Other Evolutionary Pattern Discovery

环烯醚萜



The 3rd Party Evaluation
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Summary
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 The Tree of life is a “Family Tree” of all life, and an inventory of biodiversity
 The Tree of Life reveals evolutionary history (the past and present) of extent 

species
 The Tree of Life unveils how plants respond to climate change
 The Tree of Life plays an important role of measure bidoversity and 

conservation
 The Tree of Life is essential for biochemical compounds, and key traits 

discovery for medical drugs, and horticultural and crop improvment

... and in many other ways...



Soltis & Soltis, 2019
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