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          SYLLABUS
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           Manyuan Long, The University of Chicago



Jianjun Chu, Shanghai Jiaotong University



Feng Sheng Hu, University of Illinois at Urbana and Champaign



Zhao-Bang Zeng, North Carolina State University

The Tree of Life and Plant Evolution

Yin-Long Qiu

Department of Ecology and Evolutionary Biology

University of Michigan

Ann Arbor, MI 48109-1048

Phone: 734-764-8279 (office)

FAX: 734-763-0544

Email: ylqiu@umich.edu

LECTURES
February 25, Monday 18:00-19:40
1. the evolutionary history of life 
1.1. methods and theories on phylogeny reconstruction

February 28, Thursday 10:00-11:40
1. the evolutionary history of life 
1.2. phylogenies of prokaryotes and eukaryotes

readings:

Keeling PJ, Burger G, Durnford DG, Lang BF, Lee RW, Pearlman RE, Roger AJ, Gray MW. 2005. The tree of eukaryotes. Trends in Ecology & Evolution 20: 670-676.
March 4, Monday 18:00-19:40
2. photosynthesis, respiration, reproduction, and evolution 
2.1. cycling of matter, energy, and information on earth over the last 3.8 billion years

March 7, Thursday 10:00-11:40

3. colonization of land by multicellular eukaryotes 
3.1. organisms and environment during 600-400 million years before present

readings:

Kenrick, P. & Crane, P. R. 1997. The origin and early evolution of plants on land. Nature 389: 33-39.
SEMINARS

February 26, 14:00-17:40

4. life cycle evolution in land plants

4.1. phylogeny, life cycle (haploidy & diploidy), & meiosis
readings:

Qiu, Y.-L., A. B. Taylor, H. A. McManus. 2012. Evolution of the life cycle in land plants. Journal of Systematics and Evolution 50: 171-194.
March 5, 14:00-17:40

5. symbiosis and evolution 
5.1. origins of eukaryotes and plastids, mycorrhizae
readings:

Lynn Sagan, 1967, On the Origin of Mitosing Cells, Journal of Theoretical Biology 14:225-274.
Kris A. Pirozynski and David W. Malloch, 1975, The origin of land plants: a matter of mycotrophism, Biosystems 6:153-164.

-------------------------------------------------------------------------------------------------------------------

Instructor: Manyuan Long, The University of Chicago
Time: March 11-24
Significance of Evolution
Lecture 1: Concepts and theories of evolution

1. What is evolution?

· No progress in evolution: the century’s misunderstanding in China.

· Darwin’s definition
2. Evolution as a process

· Darwin’s idea: The tree of life
· The species tree and the gene tree

· Be critical: Darwin is not always right

3. Evolution as a mechanism
· Natural selection

· Sexual selection molecular 
· Neutral theory

Lecture 2: Molecular evolution

1. The rate of molecular evolution

· Definition 

· Values for molecular biological studies

· Computational tools

2. Origins and evolution of new genes

· Definition

· Molecular mechanisms to create new genes

· Rates of new gene evolution
Lecture 3:  Phenotypic evolution driven by new genes

1. New genes drove evolution of development

· Development and evolution

· The roles of new genes

2. New genes in human brains: what makes us human?
· Brain evolution of humans and fruit flies

· Cognitive functions related to new genes

3. Behavior evolution driven by new genes: foraging and courtship

· Courtship behaviors defined by new genes

· Foraging behaviors defined by new genes: experimental measurement 

· The human nature and the reason: homosexual behaviors as an example
Lecture 4.  Evolution of gene networks

1. Konigsberg’s bridges and graphic theory

· A science born from coffee table

· The mathematic proof for the bright problem 

· Implication to the evolution of gene networks

2. Gene interactions defined by gene networks

· Yeast protein-protein interaction map

· There are different types of interaction maps

3. The gene networks driven by new genes

· The rapidly changes gene networks in Drosophila

· What drove such a change?  Evolutionary forces.
Seminar:  Pride and Prejudice of Biologists

Be critical and independent with free will: In the world of scientists.  
Reference: 

Chen SD, Zhang Y and Long M, 2010. Science

Chen SD et al, 2012. Cell Reports

Futuyma D, 2009. Evolution. Sinaur Publisher, Massachusetts.

Long M, 2003. Nature Reviews Genetics

Long M, 2013. Nature Reviews Genetics

Zhang et al, 2011. PLoS Biology

Zhang Y, Landback P, and Long M, 2012. BioEssays

PDF files for those papers, except the textbook, can be obtained from

http://Longlab.uchicago.edu/publication

March 25-April 14
Professor Jianjun Chu will teach in basic concepts and analyses of Systematic Biology and Biodiversity in plants and animals
April 29-May 12
Professor F. S. Hu, University of Illinois, Urbana-Champaign

Description of ecology lectures at Shanghai Jiao Tong University

Ecology is needed to understand environmental problems and to conserve biodiversity. As a module in the Innovative Teaching Program, the lectures in ecology will introduce ecological principles in relation to pressing environmental problems, such as global change and impacts of human activities upon ecosystems. The lectures will link evolution and ecology, population dynamics, community structure and function, and ecosystem function on local and global scales. The four lectures will cover the major branches of the discipline: population ecology, community ecology, ecosystem ecology, and global change ecology. The two seminars will focus on climatic change and biotic consequences. Discussions will include classic theories, recent discoveries, and emerging issues.

Ecology Topic 1: Ecosystem Ecology and The Global Carbon Cycle

Learning objectives for 3a Ecosystem Ecology -- By the end of this lecture you should be able to...


Define an “ecosystem” and discuss what ecosystem ecologists do. 


Describe the emergent properties of an ecosystem



o Concepts and terms: energy flow, material cycling 


Discuss how energy is transferred in ecosystems



o Concepts and terms: trophic level, food web, food chain, 10% Law 


Discuss the components of productivity.


o Concepts and terms: gross primary production, net primary production, autotrophic respiration, heterotrophic respiration.


Describe spatial and temporal patterns of net primary production

Learning objectives for 3b The Global Carbon Cycle -- By the end of this lecture you should be able to...


Describe the main pools and fluxes in the global C cycle. 



o Concepts and terms: gigaton


Discuss the imbalance in the global C cycle. 



o Concepts and terms: “missing sink”


Discuss the relative contribution of fossil fuel combustion and changes in land use to the change in atmospheric CO2.


Describe the “Mauna Loa Curve.” 


o Concepts and terms: periodicity, latitude effect


Discuss FACE experiments 


o Concepts and terms: Free Air CO2 Enrichment (FACE), feedback

Ecology Topic 2: Environmental Pollution and Effects on Ecosystems

By the end of this seminar you should be able to.Describe the following types of pollution and their impacts on ecosystems


Air pollution 



o Acid deposition


Water pollution



 o Lake eutrophication


Human alteration of the global nitrogen cycle 



o N fixation



o N deposition 



o Hypoxia in oceans

Ecology Topic 3: Population and Community Ecology

Learning objectives for 2a Population Ecology -- By the end of this lecture you should be able to...


Provide a functional definition of a population. 



o Concepts and terms: spatially related, inter-fertile


Contrast exponential and logistic models for population growth. 



o Concepts and terms: intrinsic rate of increase, rate of change, carrying capacity


Describe density-dependent and density-independent mechanisms regulating population 



growth.


Discuss the size and growth rate of the human population. 


Describe the transitions in population growth for developed nations. 


Discuss the relationship between the size of the human population and global net primary



production. 


Discuss “K” for humans

Learning objectives for 2b Community Ecology -- By the end of this lecture you should be able to...


Discuss some of the historical and modern concepts of communities 



o Concepts and terms: organismic view, individualistic hypothesis


Discuss some of the major attributes of a plant community. 



o Concepts and terms: vertical structure horizontal structure, spatial pattern


Define succession and discuss various types. 



o Concepts and terms: primary versus secondary succession


Describe how ecologists study succession in light of the very long period of time that it 



takes to detect changes.



o Concepts and terms: space for time substitution, demographics 


Describe ecosystem level changes that occur during succession

Ecology Topic 4 (Seminar Session 1): Biodiversity

By the end of this seminar you should be able to...


Define the components of biodiversity and discuss the effect of sampling area on estimates of diversity.



o Concepts and terms: richness, evenness, species-area effect 


Identify some of the “grand” gradients in diversity.



o Concepts and terms: elevation, latitude, “stress” 


Discuss factors contributing to the maintenance of species diversity



o Concepts and terms: time, spatial heterogeneity. 


Describe the possible role of diversity in enhancing ecosystem functioning



o Concepts and terms: productivity, nutrient cycling, sustainability 

Required Reading: Tilman D et al. 2001. Diversity and productivity in a long-term grassland

experiment. Science 294: 843-845.

Ecology Topic 5 (Seminar Session 2): Climate Change, Ecology, and Society

By the end of this seminar you should be able to...


Describe how small changes in climate may alter human affairs. 



o Concepts and terms: tipping point, threshold


Discuss potential feedbacks that may accelerate global warming. 



o Concepts and terms: Arctic amplification


Describe the projected effects of rapid climate change driven by human alteration of the C 


cycle.


Discuss the niche concept and how it is used to construct the distribution of future 


ecosystems.



o Concepts and terms: novel climate, novel ecosystems 

Required Reading: Vitousek PM et al. 1997. Human domination of Earth's ecosystems. Science 277: 494-499.

May 13-June 2
Instructor: Zhao-Bang Zeng, North Carolina State University
The Topic: Genetics of Complex Traits and Genetic Systems Biology
1. Genetics of Complex Traits: 

  1.1. Genomics revolution, dense SNP markers and linkage disequilibrium

  1.2. Mapping multiple quantitative trait loci in experimental populations

  1.4. Association mapping analysis in human population
  1.5. Premises and potential problems of association mapping
2. 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
3. Seminar session 1: From genetic linkage to gene identification and to functional discovery: The Cystic Fibrosis story
4. Seminar session 2: Genetic basis of heterosis: The rice story

