2017 Spring, Shanghai Jia Tong University
December 19, 2016
Introduction to Biology: Macrobiology
生物学导论:宏观生物学.
Spring Semester, Weeks 1 – 18, February 20 – June 11, 2017
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 19-March 4
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


Reading: Hennig, W. 1965. Phylogenetics Systematics. Annual Review of 
Entomology 10:97-116.

  1.2. Phylogenies of prokaryotes and eukaryotes

2. Colonization of land by plants and other multicellular eukaryotes
  2.1. Organisms and environment during 600-400 million years before present

Reading: Kasting, J. F. 1993. Earth's Early Atmosphere. Science 259:920-926.
3. Molecular clock: theory and practice
  3.1. A temporal evolutionary framework of land plants


Reading: Zuckerkandl, E. & Pauling, L. 1962, Molecular Disease, Evolution, and 
Genic Heterogeneity. In Kasha, M. and Pullman, B. (editors). Horizons in 
Biochemistry. Academic Press, New York. pp. 189–225.
4. Symbiosis and evolution


4.1. The origins of eukaryotes and plastids

Reading: Curtis B. A. et al. 2012. Algal genomes reveal evolutionary mosaicism 
and the fate of nucleomorphs. Nature 492:59-62. 

4.2. The origin of mycorrhizae and colonization of land by plants and fungi

Reading: Wang B. et al., 2010, Presence of three mycorrhizal genes in the 
common ancestor of land plants suggests a key role of mycorrhizas in the 
colonization of land by plants. New Phytologist 186:514-525.
Week 3-4, March 5 – March 18
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. New genes added new functions to species
2.3. Evolution of gene expression networks rewired by new genes
3. Evolution of sex-determination system and gene networks
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. Gene-Gene Interaction Networks: the measure and evolution.
4. Seminar session 1: Finding of Molecular polymorphism
Classic paper 1*:  

Lewontin, R. C.; Hubby, J. L. (1966). "A molecular approach to the study of genic heterozygosity in natural populations. II. Amount of variation and degree of heterozygosity in natural populations of Drosophila pseudoobscura". Genetics 54 (2): 595–609.*

5. Seminar session II: Mechanism of Molecular Evolution

Classic paper 2*: 

Ohta, T. (1973). "Slightly deleterious mutant substitutions in   

evolution". Nature 246 (5428): 96–98.

*For these two classic papers Richard Lewontin and Tomoko Ohta won the Crafoord Prize in Biosciences 2015, which was awarded by the Royal Swedish Academy of Sciences annually in the disciplines that are chosen so as to complement those for which the Nobel Prizes are awarded: astronomy, mathematics, biosciences, geosciences or polyarthritis research. 
Week 5-6, March 19 – April 1
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 7-9, April 2 – April 21
Instructor: Jianjun Chu, Shanghai Jiao Da

The Topic: Biodiversity: Consequences of Evolution and Ecology
I. Theoretical knowledge.

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. 
Week 10-11, April 23 – May 6

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: Mapping quantitative trait loci
  4.1. Lander, E. S., Botstein, D. (1989). Mapping Mendelian factors


underlying quantitative traits using RFLP linkage maps. Genetics


121:185–199

   4.2. Zeng, Z.-B. (1994) Precision mapping of quantitative trait loci.


Genetics 136:1457-1468.

5. Seminar session 2: Mapping quantitative trait loci

  5.1. Lander, E. S., Botstein, D. (1989). Mapping Mendelian factors


underlying quantitative traits using RFLP linkage maps. Genetics


121:185–199

  5.2. Zeng, Z.-B. (1994) Precision mapping of quantitative trait loci.


Genetics 136:1457-1468.
Week 12 - 13, May 7 – May 20
Instructor: Jianjun Chu, Shanghai Jiao Da

The Topic: Biodiversity: Consequences of Evolution and Ecology
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. 
II.  Field trips to learn biodiversity
Week 14 - 15, May 21 – June 3
Instructor: Ning Jiang, Michigan State University
The Topic: Evolution of non-coding sequences in the genomes
1. Classification of non-coding sequences
1.1. Regulatory sequences and non-coding RNAs
1.2. Structural components of chromosomes: telomere and centromere
1.3. Transposable elements
2. Evolution of genome size
2.1. Genome duplication and polyploidy
2.2. Amplification and transposable elements
2.3. Genome contraction
3. Regulation of transposon activity
3.1. Silencing of transposable elements
3.2. Activation of transposition

3.3 Introduction of new transposition activity through horizontal transfer

4. Function of non-coding regions 

4.1. Regulation of gene expression
4.2 Gene disruption and structural modification

4.3 Duplication of gene and gene fragments

4.4 Domestication of transposable elements

4.5 Transposon mediated gene engineering and GMO crops

5. Seminar session I: The discovery of transposable elements
Classic paper 1: McClintock, B. (1950). The Origin and Behavior of Mutable Loci in Maize. Proc Natl Acad Sci U S A. 36(6): 344–355.  
6. Seminar session II: The genome size and amplification of transposons
Classic paper 2: SanMiguel P, Gaut BS, Tikhonov A, Nakajima Y, Bennetzen JL. 1998. The paleontology of intergene retrotransposons of maize. Nature Genetics 20:43–45.
Instructor: Jianjun Chu, Shanghai Jiaotong University
Reviews of Macrobiology
