Project participants:

160 hours = 7 days

Name of project participant, role in the project, contributions. Support through this grant included salary, consumables, computing support and conference attendance (name of conference) etc.

Partner Universities:

Any collaborators on project besides our collaboration? 

This section will serve as your report to your program officer of your project's activities and findings. Please describe what you have done and what you have learned, broken down into four categories: 

Describe the major research and education activities of the project.  

See activities file.

The goal of the proposal was to test the applicability of computational language technologies for the mapping of sequence to structure and function of proteins. Previous applications of language modeling to protein sequences had been largely focused on string matching and homology detection. Prior preliminary studies by the PIs had provided evidence for the linguistic view that protein sequences from different organisms are representations of different “languages” and that the analogy between biological data and human languages may increase our understanding of the relationship between sequence, structure and functions of proteins. The award reported here was used 

(1) to ...

Describe the major findings resulting from these activities.  

see findings file

Describe the opportunities for training and development provided by your project.  

This project has allowed for the following training and development opportunities:

(i) X was an undergraduate computer science major was trained in applying his skills to bio-informatics and collaborate with researchers with background in biological sciences.

(ii) X was a first year graduate student enrolled in the PhD program in Biology at the University Y. She was trained to apply her skills in bio-informatics and collaborate with researchers with computer science background.

(iii) Dr. X a post-doctoral researcher who has extensive experience in Y was trained to supervise graduate and under graduate students with backgrounds in biological science and computer science. 

Describe outreach activities your project has undertaken.  

In future: Conferences/Workshops

Project Activities – What?
Please reiterate the goals and objectives of your efforts, and summarize the research and education activities you have engaged in that aim to achieve these objectives. Include experiments you have conducted, the simulations you have run, the collecting you have done, the observations you have made, the materials you have developed, and major presentations you have made about your efforts. In a later section you will list more formally any publications and other specific products (database, collections, software, inventions, etc.) that have resulted.

Project Findings – What?
Please summarize the conclusions that have emerged from your activities. Later screens will invite you to identify publications and other concrete products (collections, databases, software, inventions, and so on) and to explain the significance and implications of both findings and products for your field, for other fields, and even beyond science and engineering.

If you have no findings to report, at least for now, please click the corresponding button. We anticipate that as the project progresses your emphasis in reporting will shift from activities to findings and products, and ultimately to contributions.

Training and Development – What?

Please summarize how the project has contributed to the research and teaching skills and experience of those who have worked on the project, such as undergraduate students, graduate students, post-docs, college faculty, and K-12 teachers. If you have nothing (yet) to report, please click the corresponding button.

Outreach Activities – What?

Please summarize any project activities that aimed to reach out to members of communities who are not usually aware of your activities, for the purpose of enhancing participation in science learning and careers in science, public understanding of science and technology, or the like. If you have nothing (yet) to report, please click the corresponding button. 

Later screens will invite you to identify any books or concrete products that have resulted from such activities and to say how the project has contributed beyond its own boundaries to education and development of human resources.

Contributions 

Now we invite you to explain ways in which your work, your findings, and specific products of your project are significant. Describe the unique contributions, major accomplishments, innovations and successes of your project relative to : 

the principal discipline(s) of the project;  

other disciplines of science or engineering;  

the development of human resources;  

the physical, institutional, or information resources that form the infrastructure for research and education; and  

other aspects of public welfare beyond science and engineering, such as commercial technology, the economy, cost-efficient environmental protection, or solutions to social problems.
Contributions – Why? 

NSF's broad programs help to build our science and technology base: 

the body of scientific and engineering knowledge and technique, 

the pool of people trained to develop that knowledge and technique or put it to use, and 

the physical, institutional, and information resources that enable those people to get their training and perform their functions. 

Over years this base of knowledge, technique, people, and infrastructure is drawn upon again and again for application to commercial technology and the economy, to health and safety, to cost-efficient environmental protection, to solution of social problems, to numerous other aspects of the public welfare, and, indeed, to other fields of science and technology. It also contributes to the enlightenment of our people and to human civilization. 

NSF owes the taxpaying public and its representatives periodic accountings to show them how the investments they make through NSF pay off for them in these ways. Through the NSF project reporting system, and especially this section, you help us make those accountings and the case for science and engineering research and education. You also tell us, your colleagues, and the public how your project in particular has contributed. 

Your particular project may well have contributed identifiably only by building the base in your own field and by furthering the education of your students. Many projects make their contributions in those ways. However, many projects – either alone or as part of a larger body of work – also make identifiable "other" contributions that NSF and our community should know about and report. 

Contributions within Discipline – What? 

Having summarized project activities and principal findings in one earlier section, and having listed publications and other specific products in another, here say how all those fit into and contribute to the base of knowledge, theory, and research and pedagogical methods in the principal disciplinary field(s) of the project. 

Please begin with a summary that an intelligent lay audience can understand (Scientific-American style). Then, if needed and appropriate, elaborate technically for those more knowledgeable in your field(s). 

How you define your field or discipline matters less to NSF than that you cover (here or under the next category – "Contributions to Other Disciplines") all contributions your work has made to science and engineering knowledge and technique. Make the most reasonable distinction you can. In general, by "field" or "discipline" we have in mind what corresponds with a single academic department or a single disciplinary NSF division rather than a subfield corresponding with an NSF program – physics rather than nuclear physics, mechanical engineering rather than tribology, and so forth. If you know the coverage of a corresponding NSF disciplinary division, we would welcome your using that coverage as a guide. 

Contributions within Discipline – Why?

A primary function of NSF support for research and education – along with training of people – is to help build a base of knowledge, theory, and technique in the relevant fields. That base will be drawn on many times and far into the future, often in ways that cannot be specifically predicted, to meet the needs of the nation and of people. Most NSF-supported research and education projects should be producing contributions to the base of knowledge and technique in the immediately relevant field(s).

Contribution within discipline

The sequencing of the human genome and that of other organisms may revolutionize our understanding of biological systems. Deciphering the rules by which these sequences encode functional proteins is one of the major steps towards this goal. The present project proposed a new view of this question by hypothesizing that protein sequences may be analogous to human text in that words map to meaning and protein sequences map to structure, function and activity of proteins. This view is new in that it does not a priori assume that the rules for this mapping be uniform across all organisms. Evidence was gathered that indicates that protein sequences derived from different organisms may be considered as representations of different languages. Using statistical language modeling approaches, genome signatures were identified that show statistically significant differences between organisms in the usage of short amino acid sequence fragments in proteins. Further, their inverse frequency of occurrence appears to correlate with protein folding properties similar to inverse word frequency in human languages determines meaning of a text. During the funding period of this grant an interdisciplinary group of researchers with backgrounds from computational language technologies, computational biology and biological chemistry was established whose focus it will be to derive a vocabulary of protein sequence “words”. This group was recently awarded with further funding to pursue this approach.

Contributions to Other Disciplines – What? 

Please identify any currently evident ways in which the project has contributed, or seems likely to contribute, to disciplines of science and engineering other than disciplines covered under "Contribution within Discipline". 

Contributions to Other Disciplines – Why?

Many fields of science, and therefore many NSF programs and projects, contribute tools or underpinnings to other fields of science. (For example, a theoretical advance in physics may have applications in chemistry or mechanical engineering.) NSF does not routinely expect identifiable applications for other fields from individual projects. Still, such applications often do arise (sometimes in ways completely unexpected when the project was initiated). They are often important results from NSF-funded projects. We want to know about them and report them, and to give credit for them where it is due.

none

Contributions to Human Resources Development– What? 

Describe how your project has contributed to human resource development in science, engineering, and technology by: 

providing opportunities for research and teaching in science and engineering areas; 

improving the performance, skills, or attitudes of members of underrepresented groups that will improve their access to or retention in research and teaching careers; 

developing and disseminating new educational materials or providing scholarships; or 

providing exposure to science and technology for pre-college teachers, young people, and other non-scientist members of the public. 

Contributions to Human Resources Development – Why?

A major aim of NSF programs is to contribute to the human-resource base for science and technology, including the base of understanding among those who are not themselves scientists or engineers. A core NSF strategy is to encourage integration of research and education. NSF needs to know and be able to describe how the work we support actually furthers that aim and that strategy. Moreover, contributions of this sort are important in the evaluation of results from your project when we and reviewers are considering a new proposal.

Enter something here. 

Contributions to Resources for Research and Education – What? 

To the extent you have not already done so in describing project activities and products, please identify ways, if any, in which the project has contributed to resources for research and education used beyond your own group and immediate colleagues, by creating or upgrading: 

physical resources such as facilities, laboratories, instruments, or the like; 

institutional resources for research and education (such as establishment or sustenance of societies or organizations); or 

information resources, electronic means for accessing such resources or for scientific communication, or the like. 

Contributions to Resources for Research and Education – Why?

Physical, institutional, and information resources are important parts of the science and technology base that NSF seeks to sustain and build. Where particular projects build or sustain those resources for a broader community of scientists, engineers, technologists, and educators, that is a significant outcome which should be counted among the results that have come from federal support of science and engineering research and education. And you should get credit for those results. 

Some NSF projects serve this purpose in a direct and primary way and so might report the outputs in earlier sections. Many NSF projects do not serve it at all, and are not expected to. But many serve it in ways ancillary to their primary purposes and activities. This is the place to report such contributions. 

A cross disciplinary environment involving several faculty, students and post-docs was created at CMU, School of Computer Science to allow for a broadening of activities into the biological sciences in terms of both research and education.

Weekly interdisciplinary seminars involving researchers from CMU and University of Pittsburgh with backgrounds in Computer Science and Biologists are held. 

Weekly audio and monthly video conferences were organized.

Biannual workshops were held at Carnegie Mellon University.

A web-site was created to disseminate information for the bio-informatics community.

Contributions Beyond Science and Engineering – What? 

Please identify any currently evident ways in which the project has contributed to society, or seems likely to contribute, beyond the bounds of science and engineering as such. For example, the project may have contributed to the environment, commercial technology, public health or safety, economic or other policy, solution of social problems, or other aspects of the public welfare. 

Contributions Beyond Science and Engineering – Why?

NSF expects that its broad programs will contribute to commercial technology, cost-effective environmental protection, solution of social problems, and other aspects of the public welfare by building our nation's science and technology base, which will then be drawn upon for all those purposes. NSF does not normally expect direct contributions of that kind from individual projects. Nonetheless, not infrequently, individual projects, or a broader set of scientific or engineering results to which the individual project has identifiably contributed, do turn out to produce more or less direct applications to the broader public welfare. That is particularly common in fields that relate more immediately to technology and other economic or social applications – engineering and computer science being only the most obvious examples. When such contributions occur, NSF should certainly report to the public and its representatives these benefits that they realize from public support of science and engineering. And again, you should get credit for such results.

none


