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A. Personal Statement 
 
I have extensive experience in RNA biology and have made seminal contributions to this field. My graduate 
and post-doctoral work focused on how RNA-binding proteins regulate pre-mRNA splicing, which controls sex 
determination and dosage compensation in Drosophila. As an independent investigator, I’ve shown 
unexpected functions and mechanisms for three splicing regulators: U2AF, SXL, and PTB. We have used 
Drosophila genetics, computational biology, and high throughput approaches to study gene regulation. We are 
also doing experiments to study Down Syndrome and to screen drugs against ovarian tumors in Drosophila.   
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C. Contribution to Science 
 
1. The cap structure of the U6 snRNA, an essential spliceosomal snRNA critical for joining pre-mRNA exons, 

had been a mystery for over a decade. I discovered the novel U6 RNA cap structure and found that the 
mechanism of capping of the U6 snRNA is fundamentally different from the capping of mRNAs (7-methyl 
guanosine) and other snRNAs (2,2,7-trimethyl guanosine). mRNA cap formation is coupled to transcription 
by RNA polymerase II and is independent of the mRNA sequence. In contrast, the capping of U6 snRNA is 
post-transcriptional, is not coupled to transcription by RNA polymerase III, which transcribes U6, and requires 
a stem-loop followed by an AUAUAC motif as a capping signal. Finally, this cap confers stability, and is 
present in numerous other cellular transcripts. 
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2. My colleagues and I discovered unexpected properties and functions of RNA-binding proteins. First, I 

showed that the pyrimidine-tract binding proteins, SXL, PTB, and U2AF65, have distinct RNA-binding 
specificities and defined the binding site for the master sex-switch protein SXL.  I then showed that the 
mammalian polypyrimidine-tract binding protein PTB is a splicing repressor rather than a splicing factor, as 
was previously thought. We discovered that the Drosophila SXL protein and the human PTB protein repress 
3’ splice sites on different pre-mRNA using a common molecular mechanism – competition with the general 
splicing factor U2AF65. For these studies we developed the first in vitro alternative splicing assay for SXL 
and showed how the activation domain (RS domain) of U2AF contacts the branch site and recruits U2 
snRNP to the branch point to form the commitment complex. 
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3. The RNA Recognition Motif (RRM) is a common RNA-binding domain. Most RRM proteins contain multiple 
RRMs. How multiple RRMs contribute to RNA recognition, however, had been unknown. My laboratory’s 
detailed analysis of pyrimidine-tract recognition by multiple RRMs, using site-specific laser crosslinking and 
domain mapping, led to a model by which two RRMs in both U2AF65 and SXL recognize the pyrimidine tract 
using multiple modes of binding, resulting in an ensemble of complexes. This likely involves binding in 
multiple registers for each RRM. Our findings explained several past observations, and provided a basis for 
the increased binding affinity for longer pyrimidine tracts, and thus increased strength for associated 3’ splice 
sites. DNA or RNA recognition by an ensemble of complexes was unprecedented. Another unexpected 
finding from this series of biochemical analysis on RNA recognition was that the RRM3 domain of U2AF is 
dispensable for splicing in vitro and that U2AF and SXL bind to the same RNA site differently. 
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4. The polypyrimidine-tract binding protein (PTB) is ubiquitously expressed and has been extensively studied in 

vertebrates. We discovered unexpected roles for PTB and SXL in the male and the female germline in 
Drosophila. We found that the dmPTB transcript functions in the male germline and is regulated by the 
somatic sex-determination pathway. We provided genetic evidence that directly linked dmPTB function to 
male fertility by analyzing a P-element insertion (heph2) in the gene encoding dmPTB. Excision of the P-



element rescued dmPTB expression, gonad morphology, and male fertility. This germline-specific function 
of dmPTB in Drosophila males was surprising because of the established view that the vertebrate PTB is 
ubiquitously expressed. In somatic cells, the master sex-switch protein SXL plays a pivotal role in sexual 
differentiation and dosage compensation. The role of SXL in splicing and translation regulation in somatic 
cells is well understood. While it was known that SXL also plays an important role in the female germline, 
what it does there had been a mystery. We found that SXL regulates enhancer of rudimentary in the female 
germline by a novel mechanism, poly(A) site switching. While SXL regulates splicing of other known targets 
(Sxl, tra, and msl2) in somatic cells, this is the first example in which SXL mediates gene regulation via 
poly(A) switching. The poly(A) site switching is important because it results in production of a longer mRNA, 
which is subject to translational repression. Thus, identification of a germline-specific target for SXL provides 
an important handle to understanding the role of SXL in the female germline. Our subsequent computational 
analysis of the Drosophila genome identified five additional targets that are potential candidates for such 
regulation, suggesting that poly(A) switching may be a common mechanism for SXL regulation. 

  
a. Robida, M. D., and Singh, R.  (2003) Drosophila polypyrimidine-tract binding protein (PTB) functions 

specifically in the male germline. EMBO J. 22:2924-2933. 
b. Gawande, B., M. D. Robida, A. Rahn, and R. Singh  (2006) Drosophila protein Sex-lethal dependent 

polyadenylation switching in the female germline. EMBO J. 25:1263-1272. 
c. Robida MD, Rahn A, Singh R (2007) Genome-wide identification of alternatively spliced mRNA targets 

of specific RNA-binding proteins. PLoS ONE 2(6): e520. 
d. Shepherd, A.K., Singh, R., and Wesley, C.S. (2009). Notch mRNA expression in Drosophila embryos is 

negatively regulated at the level of mRNA 3' processing. PLoS One 4, e8063.  
e. Hartmann, B, Castelo, R., Miñana, B., Peden, E., Blanchette, M., Rio, D. C., Singh, R., and Valcárcel, 

J. (2011) Distinct programs of sex-specific alternative splicing regulation in Drosophila melanogaster. 
RNA, 17:453-468. 

 
5. We discovered unexpected diversity in U2AF and Py-tract requirements for 3’ splice site recognition. We 

also identified novel introns whose splicing in vivo is unaffected when the function of the essential splicing 
factor U2AF is conditionally inactivated.  These U2AF-insensitive introns may differ in how they assemble 
pre-spliceosomes. We also identified unconventional pyrimidine-tracts located upstream of the branchsite 
and showed a conditional role of U2AF. To computationally search for pyrimidine-rich sequences (defined 
by base composition rather than a defined sequence) that are relevant for RNA processing, we developed a 
unique search algorithm - Fast-FIND.  
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