Shanghai Jia Tong University

Introduction to Biology (II): Macro-biology -- Evolution, Ecology, and Population

Spring Semester, Weeks 1 – 17, February 24 – June 22, 2014
Organized by

Manyuan Long, Department of Ecology and Evolution, The University of Chicago

Weimin Zhong, Dept of Molecular Cellular Developmental Biology, Yale University
Week 1-2, February 24-March 9
Instructor: Manyuan Long, The University of Chicago

The Topic: Evolution of Genes and Genomes

1. Evolution and Molecular Evolution

1.1. What is evolution? Concepts and mechanisms by Darwin

1.2. The evolutionary changes in DNA sequences;

1.3. The evolutionary changes in structures of genes and genome.

2. Evolution of phenotypes and functions by molecular novelties

2.1. The origin of new genes

2.2. The functionally related genomic novelties

2.3. The roles of molecular novelties in adaptive evolution

3. Evolution of sex-determination system and genomic organization

3.1. The genetic basis of sex dimorphism and sex determination

3.2 The sex gene traffics out of the X chomosomes in flies and humans

3.3. The degeneration of Y chomosomes by the Muller-Ratchet and other  
mechanisms.

4. Seminar session 1: The Neutral Theory of Molecular Evolution


Classic paper 1: 1. Kimura, M. 1968. Evolutionary rate at the molecular level. 
Nature 217: 624-626.

5. Seminar session II: The Neutral Theory of Molecular Evolution


Classic paper 1: 1. Kimura, M. 1968. Evolutionary rate at the molecular level. 
Nature 217: 624-626.

Week 3-4, March 10 – March 23
Instructor: Feng Sheng Hu, University of Illinois Urbana-Champaign
The Topic: Ecology 
1. Photosynthesis and Respiration.

  1.1. Photosynthesis.

  1.2. Cellular Respiration
2. Population and Community Ecology
  2.1. Population Ecology

  2.2. Community Ecology.
3. Ecosystem Ecology and The Global Carbon Cycle
  3.1. Ecosystem Ecology.

  3.2. The Global Carbon Cycle
4. Seminar Session 1: Biodiversity
  4.1.The components of biodiversity and discuss the effect of sampling area on 
estimates of diversity; Identify some of the “grand” gradients in diversity; factors 
contributing to the 
maintenance of species diversity; the possible role of 
diversity in enhancing ecosystem functioning
  4.2. Required Reading: Tilman D et al.  2001.  Diversity and productivity in a long-term 
grassland experiment.  Science 294: 843-845.
5. Seminar Session 2: Climate Change, Ecology, and Society.

5.1. how small changes in climate may alter human affairs; potential feedbacks 
that may accelerate global warming; the projected effects of rapid climate change 
driven by human alteration of the C cycle; the niche concept and how it is used to 
construct the distribution of future ecosystems. 

5.2. Required Reading: Vitousek PM et al. 1997.  Human domination of Earth's 
ecosystems.  Science 277: 494-499.
Week 5-6, March 24 – April 6
Instructor: Jianjun Chu, Shanghai Jiao Da

The Topic: Biodiversity: Consequences of Evolution and Ecology

1. Distribution and Abundance of Organisms in the earth


1.1. Animals


1.2. Plants

2. Distribution and Abundance of Organisms in the earth


2.1. Fungi


2.2. Protists


2.3. Prokaryotes

3. The evolutionary changes of the organism abundances


3.1.  The diversity changes of vertebrates in evolution


3.2.  The diversity changes of Plants


3.3.  There are any directions in evolution?

4. Seminar 1: Ecological impact on the organism abundances


4.1. The distribution of organisms with major ecological regions


4.4. Biogeographic distribution of organisms


4.3. The impact of the rise of Tibet-plateau on the origin of 


organisms

References: the publications from China (Institute of Zoolog Beijing, Drs Qi Gexia about aphid and Lei Fuming about the birds. 
5. Seminar 2: Ecological impact on the organism abundances


4.1. The distribution of organisms with major ecological regions


4.4. Biogeographic distribution of organisms


4.3. The impact of the rise of Tibet-plateau on the origin of 


organisms

References: the publications from China (Institute of Zoolog Beijing, Drs Qi Gexia about aphid and Lei Fuming about the birds. 
Week 11 - 12, May 5 – May 18
Instructor: Yin-Long Qiu, The University of Michigan

The Topic: The Tree of Life and Plant Evolution 

1. The evolutionary history of life

  1.1. Methods and theories on reconstructing phylogeny, 

  1.2. Phylogenies of prokaryotes and eukaryotes

2. Photosynthesis, respiration, reproduction, and evolution

  2.1. Cycling of matter, energy, and information on earth over the last 3.8 billion 


years

3. Colonization of land by multicellular eukaryotes

  3.1. Organisms and environment during 600-400 million years before present

4. life cycle evolution in land plants

  4.1. Phylogeny, life cycle (haploidy & diploidy), & meiosis

  4.2. Nils Svedelius, 1927, Alternation of generations in relation to reduction        
division, Botanical Gazette 83:362-384

  4.3. Benoit Dayrat, 2003, The Roots of phylogeny: How did Haeckel build his  
trees? Systematic Biology 52:515-527
5. Symbiosis and evolution


5.1. The origins of eukaryotes and plastids, mycorrhizae


5.2. Lynn Sagan, 1967, On the Origin of Mitosing Cells, Journal of Theoretical  

 
   Biology 14:225-274


5.3. Kris A. Pirozynski and David W. Malloch, 1975, The origin of land plants: a 



matter of mycotrophism, Biosystems 6:153-164
Week 13 - 15, May 19 – June 8
I
Instructor: Zhao-Bang Zeng, North Carolina State University 

The Topic: Genetics of Complex Traits and Genetic Systems Biology  

1. Genetics of Complex Traits: Linkage analysis   

1.1. Genomics revolution and linkage map construction   

1.2. Genetic basis and models of complex traits   

1.3. Mapping multiple quantitative trait loci  

2. Genetics of Complex Traits: Association analysis   

2.1. Dense SNP markers and linkage disequilibrium   

2.2. Association mapping analysis.   

2.3. Premises and potential problems of association mapping  

3. Genetic Systems Biology: Analyzing multiple omics data   

3.1. Systems approach to study complex traits   

3.2. Integrating multiple omics data   

3.3. Pathway and network inference  

4. Seminar

Session 1: From genetics to gene to function: The Cystic Fibrosis story  

5. Seminar 

Session 2:  Dissecting genetics of a complex trait: A Drosophila story 

Week 18, June 23-29.

Instructor: Jianjun Chu, Shanghai Jiaotong University

Field Practice to observe biodiversity: The field trips with the real organisms to establish the experiences of biodiversity and beauty of life in natural environment.
