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A. Personal Statement
My long-term research goal is to determine RNA structures and interactions in living cells, and investigate their functions in health and disease. RNA structures and interactions are building blocks of molecular machines that drive basic cellular processes, and as a result, deeply involved in many types of human diseases. For example, RNA viruses cause some of the most deadly infections. Mutations in RNA helicases, enzymes that remodel RNA structures, underlie a variety of human cancers. The lack of basic understanding of RNA structures has limited our abilities to combat genetic disorders, infectious diseases and cancers. 
During my PhD work in Dr. Greg Matera laboratory, I developed experimental and computational methods to determine the composition of RNA-protein complexes and their functions. These work lead to the discovery of novel protein-RNA interactions, molecular mechanisms of the neuromuscular disease Spinal Muscular Atrophy (SMA), a new class of circular RNA generated from tRNA introns and the development of methods to produce circular RNAs in vivo. While a postdoctoral fellow in the Dr. Howard Chang laboratory, I realized that no proper tools exist for the direct determination of RNA structures in living cells. To meet this urgent need, I invented a new method, termed Psoralen Analysis of RNA Interactions and Structures (PARIS). PARIS provides a global view of the RNA structurome and interactome in vivo, with single molecule accuracy and near base pair resolution. Using PARIS, I revealed the organizing principles of the transcriptome architecture, the structural basis of snoRNA-guided ribosomal RNA biogenesis and XIST-mediated X chromosome inactivation (XCI). Our structural analysis of the XIST RNA structure has already led to collaborations with a pharmaceutical company to perform structure-based drug screens to target X-linked genetic disorders, a large group of congenital diseases where XCI is the common and major epigenetic modifier. 
In particular, my lab are currently working in the following areas of research: (1) new chemical and computational technologies for the analysis of RNA structures and interactions, (2) organizing principle of the transcriptome in live cells: a molecular social network, (3) RNA structures and interactions controlling gene expression and development, (4) RNA structures and interactions in cancers, genetic and infectious diseases.
1. Lu Z, Filonov GS, Noto JJ, Schmidt CA, Hatkevich TL, Wen Y, Jaffrey SR, Matera AG. Metazoan tRNA introns generate stable circular RNAs in vivo. RNA. 2015 Sep;21(9):1554-65. PubMed PMID: 26194134; PubMed Central PMCID: PMC4536317. 
2. Lu Z, Zhang QC, Lee B, Flynn RA, Smith MA, Robinson JT, Davidovich C, Gooding AR, Goodrich KJ, Mattick JS, Mesirov JP, Cech TR, Chang HY. RNA Duplex Map in Living Cells Reveals Higher-Order Transcriptome Structure. Cell. 2016 May 19;165(5):1267-1279. PubMed PMID: 27180905; PubMed Central PMCID: PMC5029792. 
3. Lu Z, Carter AC, Chang HY. Mechanistic insights in X-chromosome inactivation. Philos Trans R Soc Lond B Biol Sci. 2017 Nov 5;372(1733)PubMed PMID: 28947655; PubMed Central PMCID: PMC5627158. 
4. Lu Z, Guan X, Schmidt CA, Matera AG. RIP-seq analysis of eukaryotic Sm proteins identifies three major categories of Sm-containing ribonucleoproteins. Genome Biol. 2014 Jan 7;15(1):R7. PubMed PMID: 24393626; PubMed Central PMCID: PMC4053861. 
B. Positions and Honors
Positions and Employment
	2014 - 2018
	Postdoctoral Fellow, Stanford University, Stanford, CA

	2018 - current
	Assistant Professor, University of Southern California, Los Angeles, CA


Other Experience and Professional Memberships
	2015 - 
	Member, RNA Society


Honors
	2004 - 2008
	People's Scholarship, Fudan University, Shanghai, China

	2006 - 2007
	Siyuan Scholarship, Siyuan Foundation, Hongkong, China

	2013
	Graduate Student Transportation Grant, UNC at Chapel Hill, NC

	2015 - 2017
	Damon Runyon-Sohn Pediatric Cancer Fellowship, Damon Runyon Cancer Research Foundation

	2016 - 2017
	Jump Start Award for Excellence in Research, Stanford University

	2017
	RNA Society Scaringe Award, RNA Society


C. Contribution to Science
1. Comprehensive analysis of the Sm class RNA binding proteins. I determined the composition of Sm protein-containing RNP complexes that are the building blocks of essential cellular machineries in all three domains of life. Sm proteins are among the most conserved RNA binding proteins and yet their targets were still mostly unknown. Using Drosophila genetics and RNA-immunoprecipitation sequencing (RIP-seq), I discovered that Sm proteins are present in three classes of RNP complexes. Besides the well-known spliceosomal RNAs, I discovered new types of small nuclear RNAs and small Cajal body RNAs that bind Sm proteins, suggesting their broad involvement in small RNA function. I also discovered that spliceosomal snRNPs directly bind mature mRNAs, indicating splicing-independent functions. This study greatly expanded our understanding of the structure and function of an important class of RNA binding proteins and their complexes.
a. Lu Z, Matera AG. Developmental analysis of spliceosomal snRNA isoform expression. G3 (Bethesda). 2014 Nov 21;5(1):103-10. PubMed PMID: 25416704; PubMed Central PMCID: PMC4291461. 
b. Garcia EL, Lu Z, Meers MP, Praveen K, Matera AG. Developmental arrest of Drosophila survival motor neuron (Smn) mutants accounts for differences in expression of minor intron-containing genes. RNA. 2013 Nov;19(11):1510-6. PubMed PMID: 24006466; PubMed Central PMCID: PMC3851718. 
c. Lu Z, Guan X, Schmidt CA, Matera AG. RIP-seq analysis of eukaryotic Sm proteins identifies three major categories of Sm-containing ribonucleoproteins. Genome Biol. 2014 Jan 7;15(1):R7. PubMed PMID: 24393626; PubMed Central PMCID: PMC4053861. 
2. Computational identification of ncRNA ends and circular RNAs, and a new method to make circular RNAs. I developed computational methods to discover new types of RNAs in the transcriptome, determine their sequence features, and invented a new technology to produce circular RNAs in living cells. High throughput sequencing provides a comprehensive view of the transcriptome, yet an in-depth understanding is still limited by the available analysis tools. I designed an efficient computational approach, termed Vicinal, to mine RNA-seq data for chimeric and chiastic reads, which are evidence for ncRNA boundaries and circular RNAs. Using this method, I defined the starts and ends of a large number of ncRNAs. In addition, I discovered a class of circular RNAs derived from tRNA splicing in metazoans, termed tricRNAs (tRNA intronic circular RNAs). I determined the factors required for tricRNAs biogenesis and developed a new method for producing circular RNAs in vivo using the tRNA splicing mechanism. Using this method, I was able to make various types of functional circular RNAs efficiently inside the cells with high stability. This in vivo circularization method would be useful both for research on functions of circular RNAs and for in vivo production and delivery of stable circular RNA-based drugs.
a. Lu Z, Filonov GS, Noto JJ, Schmidt CA, Hatkevich TL, Wen Y, Jaffrey SR, Matera AG. Metazoan tRNA introns generate stable circular RNAs in vivo. RNA. 2015 Sep;21(9):1554-65. PubMed PMID: 26194134; PubMed Central PMCID: PMC4536317. 
b. Lu Z, Matera AG. Vicinal: a method for the determination of ncRNA ends using chimeric reads from RNA-seq experiments. Nucleic Acids Res. 2014 May;42(9):e79. PubMed PMID: 24623808; PubMed Central PMCID: PMC4027162. 
c. Lu,Zhipeng ,. tricRNA. In: Identify tRNA intronic circular RNAs (tricRNAs) from RNA-seq data [Internet]. Chapel Hill, NC: Github; 2015 May . Available from: https://github.com/zhipenglu/tricRNA. 
d. Lu,Zhipeng,. Vicinal. In: Detection of ncRNA ends using chimeric reads from RNA-seq data [Internet]. Chapel Hill, NC: Github; 2014 March . Available from: https://github.com/zhipenglu/vicinal. 
3. PARIS: a new method to directly determine RNA structures and interactions in living cells. I invented the first broadly applicable method, PARIS, to directly determine the RNA structurome and interactome in living cells. PARIS (Photochemical/Psoralen Analysis of RNA Interactions and Structures) achieves far greater resolution, sensitivity and comprehensiveness than was previously possible. Applying this method in both human and mouse cells, I found that a large fraction of the RNA structures span long distances and many structures are involved in alternative and dynamic conformations. PARIS enables phylogenetic analysis of RNA structures without the distance limit that restricts conventional computational methods. I discovered a large number of novel RNA-RNA interactions, among which a U8 snoRNA:rRNA interaction is required for rRNA processing. This discovery also revealed the mechanisms of a neurodegenerative disease, leukoencephalopahy with calcifications and cysts (LCC) caused by mutations in the U8 snoRNA. This work was highlighted on the cover of Cell, featured in a Cell Paperclip video (Get an Eye-full (Eiffel)), on the cover of “Best of Cell 2016”, in Nature Methods 13:544-545, Nature Chemical Biology 12:467, Molecular Cell 63:186-189, and Trends in Biochemical Sciences July 2016.
a. Lu Z, Zhang QC, Lee B, Flynn RA, Smith MA, Robinson JT, Davidovich C, Gooding AR, Goodrich KJ, Mattick JS, Mesirov JP, Cech TR, Chang HY. RNA Duplex Map in Living Cells Reveals Higher-Order Transcriptome Structure. Cell. 2016 May 19;165(5):1267-1279. PubMed PMID: 27180905; PubMed Central PMCID: PMC5029792. 
b. Lu Z, Chang HY. The RNA Base-Pairing Problem and Base-Pairing Solutions. Cold Spring Harb Perspect Biol. 2018 Dec 3;10(12)PubMed PMID: 30510063; PubMed Central PMCID: PMC6280703. 
c. Lu Z, Gong J, Zhang QC. PARIS: Psoralen Analysis of RNA Interactions and Structures with High Throughput and Resolution. Methods Mol Biol. 2018;1649:59-84. PubMed PMID: 29130190; PubMed Central PMCID: PMC5821472. 
d. Lu Z, Chang HY. Decoding the RNA structurome. Curr Opin Struct Biol. 2016 Feb;36:142-8. PubMed PMID: 26923056; PubMed Central PMCID: PMC4785074. 
4. Structural basis of XIST-mediated X chromosome inactivation and drug targeting of X-linked recessive diseases. Male and female mammals have different numbers of X chromosomes, which are balanced by X chromosome inactivation (XCI). The multiple steps in XCI, including DNA/histone modifications, chromatin coating, nuclear lamina attachment and transcriptional repression are all under the control of a long noncoding RNA XIST. XCI is a major genetic modifier of hundreds of X-linked recessive disorders, such as Ret Syndrome, Fragile X, etc. Random inactivation of the “good” gene copy in heterozygotes leads to disease phenotypes. Reactivation of the inactive X chromosome is a feasible approach to treat X-linked recessive disorders. Using PARIS, I have determined the in vivo structure of XIST, revealing a modular architecture that coordinates the multiple steps in XCI. I identified a minimal RNA structure unit in the A-repeat domain that is required for XCI, and we are currently collaborating with Novartis on drug screens targeting X-linked recessive disorders. This work presents a proof of concept for solving and targeting complex RNA structures to treat human diseases.
a. Lu Z, Zhang QC, Lee B, Flynn RA, Smith MA, Robinson JT, Davidovich C, Gooding AR, Goodrich KJ, Mattick JS, Mesirov JP, Cech TR, Chang HY. RNA Duplex Map in Living Cells Reveals Higher-Order Transcriptome Structure. Cell. 2016 May 19;165(5):1267-1279. PubMed PMID: 27180905; PubMed Central PMCID: PMC5029792. 
b. Lu Z, Carter AC, Chang HY. Mechanistic insights in X-chromosome inactivation. Philos Trans R Soc Lond B Biol Sci. 2017 Nov 5;372(1733)PubMed PMID: 28947655; PubMed Central PMCID: PMC5627158. 
c. Lu,Zhipeng,. xist_structure. In: Scripts for analyzing xist structure and functions [Internet]. Los Angeles, CA: Github; 2019 February . Available from: https://github.com/zhipenglu/xist_structure. 
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Ongoing Research Support
R00HG009662, NHGRI
Lu, Zhipeng (PI) 
08/15/17-11/30/21
Decoding the RNA structurome: method development and function analysis
Development of new tools for identifying RNA structures and interactions, and application in studying mRNA translation control, which play an essential role in cancer development.
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Damon Runyon Cancer Research Foundation, and Sohn Conference Foundation,
Lu, Zhipeng (PI) 
07/01/15-08/14/17
Elucidating the role of dynamic RNA structures in cancer
Analysis of RNA structures and interactions in living cells. 
Role: PI
Jump Start Award for Excellence in Postdoctoral Research, Stanford University,
Lu, Zhipeng (PI) 
04/15/16-04/14/17
Decoding the RNA structurome
Developing new chemical tools for RNA structure analysis
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