Course description 

The historical central dogma of molecular biology, stating that “DNA makes RNA makes protein”, has been the cornerstone for studies of cellular and molecular regulation and function. Scientific breakthroughs during the last decade challenge this simplistic view and reveal additional mechanisms of gene expression regulation involving many non-canonical and inverse interactions between RNA and RNA, DNA, chromatin, and proteins. In addition to regulatory roles, RNA molecules have been shown to play diverse structural and enzymatic functions. Many new types of RNA molecules were discovered, which are essential for these non-canonical regulatory, structural and enzymatic functions. These include small RNAs (miRNAs, siRNAs, piRNAs and many more), long non-coding RNAs (lncRNAs), telomerase RNA, spliceosomal RNAs, ribosomal RNAs and many others. The course examines these non-coding RNAs and their biological roles from structural, molecular, evolutionary, genomic and quantitative perspectives.
Course aims

The students will acquire up to date knowledge of RNA biology, including different types of non-coding RNAs and their structure and function.

Learning outcomes: On successful completion of this course, students should be able to:

The students will be familiar with various types of non-coding RNAs and methods used for the study of these RNAs. They will develop critical reading of scientific publications in the field and the ability to design and perform research of non-coding RNAs. 
Attendance requirements (%):

80%
Teaching arrangement and method of instruction:
Lectures and students seminars

Course Content: list of topics:
1. Introduction to non-coding RNA
2. Splicing
3. Alternative splicing
4. Ribonucleoprotein complexes
5.  miRNA and siRNAs
6. circular RNAs 
7. RNA binding proteins 
8. RNA structure

9. Telomerase

10. Catalytic RNA
11. Long non-coding RNAs (lncRNAs) 

12. RNase P 
Required reading:
One of the following topics for a seminar:

A. Splicing (Ruth):

1. Kaida D, Berg MG, Younis I, Kasim M, Singh LN, Wan L, Dreyfuss G. U1 snRNP protects pre-mRNAs from premature cleavage and polyadenylation. Nature 468: 664-8, 2010. 

2. de Turris V, Nicholson P, Orozco RZ, Singer RH, Mühlemann O.  Cotranscriptional effect of a premature termination codon revealed by live-cell imaging. RNA 17:2094-107. 2011. 

3. Kishore S, Khanna A, Zhang Z, Hui J, Balwierz PJ, Stefan M, Beach C, Nicholls RD, Zavolan M, Stamm S. The snoRNA MBII-52 (SNORD 115) is processed into smaller RNAs and regulates alternative splicing. Hum Mol Genet. 19:1153-64. 2010.

B. Small RNA/circRNAs/RNA binding proteins (Sebastian):

1. “Beyond secondary structure: primary-sequence determinants license pri-miRNA hairpins for processing.”  Auyeung VC, Ulitsky I, McGeary SE, Bartel DP. Cell. 152:844-58. 2013
2.  “Circular RNAs are a large class of animal RNAs with regulatory potency.” Memczak S, Jens M, Elefsinioti A, Torti F, Krueger J, Rybak A, Maier L, Mackowiak SD, Gregersen LH, Munschauer M, Loewer A, Ziebold U, Landthaler M, Kocks C, le Noble F, Rajewsky N. Nature 495:333-338. 2013

3.  “Insights into RNA biology from an atlas of mammalian mRNA-binding proteins.” Castello A, Fischer B, Eichelbaum K, Horos R, Beckmann BM, Strein C, Davey NE, Humphreys DT, Preiss T, Steinmetz LM, Krijgsveld J, Hentze MW. Cell 149:1393-406. 2012. 
C. RNA structure, telomerase and lincRNAs, and ribozymes (Dudy):

1. Lior Asis 96. - Berman AJ, Akiyama BM, Stone MD, Cech TR. The RNA accordion model for template positioning by telomerase RNA during telomeric DNA synthesis. Nat Struct Mol Biol. 18:1371-5. 2011.
2. Adi Benyehuda 96 - Guttman M, Donaghey J, Carey BW, Garber M, Grenier JK, Munson G, Young G, Lucas AB, Ach R, Bruhn L, Yang X, Amit I, Meissner A, Regev A, Rinn JL, Root DE, Lander ES. lincRNAs act in the circuitry controlling pluripotency and differentiation. Nature 477:295-300. 2011.

3. Stone MD, Mihalusova M, O'connor CM, Prathapam R, Collins K, Zhuang X. Stepwise protein-mediated RNA folding directs assembly of telomerase ribonucleoprotein. Nature 446:458-61. 2007.

4.
Lee ER, Baker JL, Weinberg Z, Sudarsan N, Breaker RR. An allosteric self-splicing ribozyme triggered by a bacterial second messenger. Science 329:845-8. 2010.

Suggested Reading:

pre-mRNA splicing and alternative splicing:
Burge, C.B., Tuschl, T.H., and Sharp, P.A. Splicing of precursors to mRNAs by the spliceosomes. In The RNA World, Second Edition, R.F. Gesteland, T.R. Cech, and J.F. Atkins, eds. (Cold Spring Harbor, New York: Cold Spring Harbor Laboratory Press), pp. 525–560. 1999

Newman, A.J. and Nagai, K. Structural studies of the spliceosome: blind men and an elephant, Current Opinion in Structural Biology, 20:82–89, 2010.

Will, C. L., and Luhrmann, R. Spliceosome structure and function. Cold Spring Harb. Perspect. Biol. 1;3(7). 2011.

McManus, C.J. and Graveley, B.R. RNA structure and the mechanisms of alternative splicing, Current Opinion in Genet. and Dev. 21:373–379, 2011.

RNA Structure:
Dethoff EA, Chugh J, Mustoe AM, Al-Hashimi HM. Functional complexity and regulation through RNA dynamics. Nature. 482: 322-30. 2012.
Telomerase:
Blackburn EH, Collins K. Telomerase: an RNP enzyme synthesizes DNA. Cold Spring Harb Perspect Biol. 3(5). 2011
lincRNAs:

Mitchell Guttman & John L. Rinn Modular regulatory principles of large non-coding RNAs. Nature 482: 339-346. 2012.

Percentage of final grade:

Presentation: 50%

Participation in class: 50%
