SIO 123, Microbial Environmental Systems Biology
Winter 2025. MCTF 210. MWF 11-11:50.

Instructor: Andrew E. Allen (aallen@ucsd.edu)

Environmental systems biology is the study of the genomic basis for patterns of microbial diversity and
adaptation in relation to habitat. This course introduces the microbial genome as a unit of study and
surveys introductory principles in microbial genomics and bioinformatics that underlay a range of
contemporary research in diverse marine habitats, such as the deep sea and polar regions, as well as
studies of biomedical importance including the human microbiome. Prerequisites: BILD 1 or 2, or ESYS
101, or equivalent coursework in cell biology, biochemistry, or genetics, or consent of instructor.

Grading
1) 35% class participation, attendance, phytoplankton assignment, lecture quizzes, presentation

2) 15% final exam
3) 25% 1 (3-5 page paper 1) (pick any topic below)
4) 25% 1 (3-5 page paper 2) (pick any topic below)

Key Dates

Short Papers (3-5 pages)

1) Friday February 7 (group 1), Friday February 14 (group 2), Friday February 21 (group 3)

2) Friday February 28 (group 1), Friday March 7 (group 2), Friday March 14 (group 3)

Friday Presentations and Short Papers (Short papers can be on 2 of any of the 9 Friday topics and associated

papers). Complete course reading list (PDFs) are organized by topic on Canvas.

Biogeography Distribution Ecology

Sarll (or heterotrophic bacterioplankton)
Prochlorococcus (or photosynthetic microbes)
Metagenomics

Single Cell Genomics

Metatranscriptomics

Proteomics

Nitrogen Cycle Related and Metabolomics

L e N WDNRE

Phytoplankton Bacteria Networks Linkages

Week 1 (Monday January 6)
M: Marine Environmental Systems Biology Introduction

W: Darwin-Pasteur-Koch (Natural Selection, Microbiology)
F: Woese-Venter (rRNA diversity, evolution and bacterial genomics)


mailto:aallen@ucsd.edu

Week 2 (Monday January 13)

M: Microbial Oceanography (concepts and background)

W: Ecological Genomics (Prochlorococcus)

F: Ecological Genomics (SAR11 & heterotrophic bacteria)

Week 3 (Monday January 20)

M: MLK Holiday

W: Metagenomics

F: Reading /Presentation (groups A,B): Biogeography Distribution Ecology

Week 4 (Monday January 27)

M: Metagenomics (GOS)

W: Ecological Genomics (TARA Oceans)

F: Reading /Presentation (groups C,D): Sar11 (heterotrophic bacterioplankton)

Week 5 (Monday February 3)

M: Ecological Genomics (TARA Oceans Cont’D)

W: Eukaryotes

F: Reading /Presentation (groups E,F): Prochlorococcus (microalgae) *paper due*(group 1)

Week 6 (Monday February 10)

M: Functional Genomics

W: Proteomics

F: Reading /Presentation (groups G,H): Metagenomics_*paper due*(group 2)

Week 7 (Monday February 17)

M: Presidents’ Day Holiday **(Phytoplankton Assignment)**

W: Metabolomics, Genomics, and Nitrogen Biogeochemistry

F: Reading /Presentation (groups 1,J): Single Cell Genomics *paper due*(group 3)

Week 8 (Monday February 24)

M: Genomics and Nitrogen Biogeochemistry

W: Viruses

F: Reading /Presentation (groups, K,L): Metatranscriptomics *paper due*(group 1)

Week 9 (Monday March 3)

M: Systems biology and functional genomics in diatoms |

W: Systems biology and functional genomics in diatoms Il

F: Reading /Presentation (groups M,N) : Proteomics *paper due*(group 2)

Week 10 (Monday March 10)

M: Environmental Genomics of Southern Ocean Microbes

W: Reading /Presentation (groups O,P) : Nitrogen Cycle Related and Metabolomics

F: Reading /Presentation (groups Q,R): Phytoplankton Bacteria Networks and Linkages *paper
due*(group 3)

Monday March 17. Take Home Final Exam. Due Wed. March 19
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Carini P, Steindler L, Beszteri S, Giovannoni SJ. 2013. Nutrient requirements for growth of the extreme oligotroph
‘Candidatus Pelagibacter ubique' HTCC1062 on a defined medium. The ISME journal 7(3): 592-602.

Carlson CA, Morris R, Parsons R, Treusch AH, Giovannoni SJ, Vergin K. 2009. Seasonal dynamics of SAR11 populations
in the euphotic and mesopelagic zones of the northwestern Sargasso Sea. The ISME journal 3(3): 283-295.

Giovannoni SJ, Cameron Thrash J, Temperton B. 2014. Implications of streamlining theory for microbial ecology. The
ISME journal 8(8): 1553-1565.

Grote J, Thrash JC, Huggett MJ, Landry ZC, Carini P, Giovannoni SJ, Rappe MS. 2012. Streamlining and core genome
conservation among highly divergent members of the SAR11 clade. mBio 3(5).

Tripp HJ. 2013. The unique metabolism of SAR11 aquatic bacteria. Journal of microbiology (Seoul, Korea) 51(2): 147-
153.

Rappé MS. 2013. Stabilizing the foundation of the house that ‘omics builds: the evolving value of cultured isolates to
marine microbiology. Current opinion in microbiology 16(5): 618-624.

Vergin KL, Beszteri B, Monier A, Thrash JC, Temperton B, Treusch AH, Kilpert F, Worden AZ, Giovannoni SJ. 2013. High-
resolution SAR11 ecotype dynamics at the Bermuda Atlantic Time-series Study site by phylogenetic
placement of pyrosequences. The ISME journal 7(7): 1322-1332.

Prochlorococcus (and photosynthetic microbes)
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Metagenomics
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Single Cell Genomics
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11468.

Yoon HS, Price DC, Stepanauskas R, Rajah VD, Sieracki ME, Wilson WH, Yang EC, Duffy S, Bhattacharya D. 2011. Single-
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Metatranscriptomics
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America 111(7): 2740-2745.

Saito MA, Bertrand EM, Dutkiewicz S, Bulygin VV, Moran DM, Monteiro FM, Follows MJ, Valois FW, Waterbury JB.
2011. Iron conservation by reduction of metalloenzyme inventories in the marine diazotroph Crocosphaera
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