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 curriculum vitae   

 Please describe your education / position in reverse chronological order.  State the duration of positions held, the type of position, the   

 research topic, the institute and your supervisor if applicable.  

name 

Casey M. Bergman

 

independent position(s) 
duration (please tab to add another line) details 

Oct 2005 – present Lecturer, Bioinformatics and Functional Genomics, Faculty of Life 

Sciences, University of Manchester 

 

post doctoral research 
duration (please tab to add another line) details 

Sep 2003 – Sep 2005 Royal Society USA Research Fellow, Computational Biology, 

Department of Genetics, University of Cambridge (Supervisor: 

Prof. Michael Ashburner) 

Sep 2001 – Aug 2003 NIH NRSA Postdoctoral Research Fellow, Comparative 

Genomics, Department of Genome Sciences, Lawrence Berkeley 

National Laboratory (Supervisor: Dr. Susan Celniker) 

 

research training (PhD or equivalent) 
duration (please tab to add another line) details 

Oct 1996 – Aug 2001 Graduate Research Associate, Evolutionary Genetics, Department 

of Ecology and Evolution, University of Chicago (Supervisor: Prof. 

Martin Kreitman) 

 

education 
duration (please tab to add another line) details 

Jun 1995 – Aug 1996  M.A.T., Science Education, Cornell University 

Sep 1991 – Jun 1995 B.S., Biological Sciences, Cornell University 

 

other 
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 publications   

   Please underline your four best publications (as submitted with this application)

 

manuscripts in submission 
(please do not list manuscripts in preparation) 
 

26) Altman, R. C.M. Bergman, J. Blake, C. Blaschke, A. Cohen, F. Gannon, L. Grivell, U. Hahn, W. 

Hersh, L. Hirschman, L.J. Jensen, M. Krallinger, B. Mons, S.I. O'Donoghue, M. Peitsch, D. 

Rebholz-Schumann, H. Shatkay & A. Valencia. (2008) Text Mining for Biology: The Way 

Forward. Genome Biology (in press).

 

publications arising from independent work 
(please list members from your own independent laboratory in italics) 

 
25) Aerts, S., M. Haeussler, S. van Vooren, O.L. Griffith, S.J.M. Jones, S. Montgomery, C.M. Bergman & 

The Open Regulatory Annotation Consortium. (2008) Text mining assisted regulatory annotation. 

Genome Biol.!9:R31.

 

24) Halfon, M.S., S.M. Gallo & C.M. Bergman (2007) REDfly 2.0: an integrated database of cis-

regulatory modules and transcription factor binding sites in Drosophila. Nucleic Acids Research 

36:D594-D598. 

 

23) Griffith O.L., S.B. Montgomery, B. Bernier, B. Chu, K. Kasaian, S. Aerts, S. Mahony, M.C. Sleumer, 

M. Bilenky, M. Haeussler, M. Griffith, S.M. Gallo, B. Giardine, B. Hooghe, P. Van Loo, E. Blanco, 

A. Ticoll, S. Lithwick, E. Portales-Casamar, I.J. Donaldson, G. Robertson, C. Wadelius, P. De 

Bleser, D. Vlieghe, M.S. Halfon, W. Wasserman, R. Hardison, C.M. Bergman, S.J.M. Jones &The 

Open Regulatory Annotation Consortium. (2007) ORegAnno: an open-access community-driven 

resource for regulatory annotation. Nucleic Acids Research 36:D107-D113. 

 

22) Bergman, C.M. & H. Quesneville. (2007) Discovering and detecting transposable elements in 

genome sequences. Briefings in Bioinformatics 8:382-392.  

 

21) Casillas, S., R. Egea, N. Petit, C.M. Bergman & A. Barbadilla (2007) Drosophila Polymorphism 

Database (DPDB): a portal for nucleotide polymorphism in Drosophila. Fly. 1:4, e1-e7. 

 

20) Clark, A.G., M.B. Eisen, D.R. Smith, C.M. Bergman, B. Oliver, T.A. Markow, T.C. Kaufman, M. 

Kellis, W. Gelbart et al. (417 co-authors) . (2007) Evolution of genes and genomes on the 

Drosophila phylogeny. Nature 450:203-218. 

 

19) Casillas, S., A. Barbadilla & C.M. Bergman. (2007) Purifying selection maintains highly conserved 

noncoding sequences in Drosophila. Mol. Biol. Evol. 24:2222-2234. 

 

18) Bergman, C.M. & D. Bensasson. (2007) Recent LTR insertion contrasts with waves of non-LTR 

insertion since speciation in Drosophila melanogaster. Proc. Natl. Acad. Sci. USA 104:11340-

11345. 

 

17) Down, T.A., C.M. Bergman, J. Su & T.J.P. Hubbard. (2007) Large-scale promoter motif discovery in 

Drosophila melanogaster. PLoS Comp. Biol. 3:e7. 

 

16) Pierstorff, N., C.M. Bergman & T. Wiehe. (2006) Identifying cis-regulatory modules by combining 

comparative and compositional analysis of DNA. Bioinformatics 22:2858-2864. 

 

15) Montgomery, S.B., O.L. Griffith, M.C. Sleumer, C.M. Bergman, M. Bilenky, E.D. Pleasance, Y. 

Prychyna, X. Zhang & S.J.M. Jones (2006) ORegAnno: An open access database and curation 

system for literature-derived promoters, transcription factor binding sites and regulatory variation. 

Bioinformatics 22:637-640.  

 

publications arising from post doctoral work

 

14) Ranz, J.M., D. Maurin, Y.S. Chan, M. von Grotthuss, L. Hillier, J. Roote, M. Ashburner & C.M. 

Bergman. (2007) Principles of genome evolution in the Drosophila melanogaster subgroup. PLoS 

Biol. 5:e152. 
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13) Bergman, C.M., H. Quesneville, D. Anxolabéhère & M. Ashburner. (2006) Recurrent insertion and 

duplication generate networks of transposable element sequences in Drosophila melanogaster. 

Genome Biology 7:R112. 

 

12) Lipatov, M., K.D. Lenkov, D.A. Petrov & C.M. Bergman. (2005) Paucity of chimeric gene-

transposable element transcripts in the Drosophila melanagaster genome. BMC Biology 3:24.  

 

11) Ashburner, M. & C.M. Bergman. (2005) Drosophila melanogaster: A case study of a genomic 

sequence and its consequences. Genome Research 15:1661-1667. 

 

10) Quesneville, H., C.M. Bergman, O. Andrieu, D. Autard, D. Nouaud, M. Ashburner & D. 

Anxolabéhère. (2005) Combined evidence annotation of transposable elements in genome 

sequences. PLoS Comp. Biol. 1:e22. 

 

9) Bergman, C.M., J. Carlson & S.E. Celniker. (2005) Drosophila DNAse I footprint database: A 

systematic genome annotation of transcription factor binding sites in the fruitfly, D. melanogaster. 

Bioinformatics 21:1747-1749. 

 

8) Pollard, D.A., C.M. Bergman, J. Stoye, S.E. Celniker & M.B. Eisen. (2004) Benchmarking tools for the 

alignment of functional noncoding DNA. BMC Bioinformatics 5:6.  

 

7) Bergman, C.M., B.D. Pfeiffer, D.E. Rincón-Limas, R.A. Hoskins, A. Gnirke, C.J. Mungall, A.M. Wang, 

B. Kronmiller, J. Pacleb, S. Park, M. Stapleton, K. Wan, R. George, P.J. de Jong, J. Botas, G.M 

Rubin & S.E. Celniker. (2002) Assessing the impact of comparative genomic sequence data on 

the functional annotation of the Drosophila genome. Genome Biology 3:RESEARCH0086. 

 

6) Kaminker, J.S., C.M. Bergman, B. Kronmiller, J. Carlson, R. Svirskas, S. Patel, E. Frise, D.A. 

Wheeler, S. Lewis, G.M. Rubin, M. Ashburner & S.E. Celniker. (2002) The transposable 

elements of the Drosophila melanogaster euchromatin: a genomics perspective. Genome Biology 

3:RESEARCH0084. 

 

publications arising from PhD work

 

5) Ludwig, M.Z., A. Palsson, E. Alekseeva, C.M. Bergman, J. Nathan & M. Kreitman. (2005) Functional 

evolution of a cis-regulatory module. PLoS Biology 3:e93. 

 

4) Johnson, A.N., C.M. Bergman, M. Kreitman & S.J. Newfeld. (2003) Embryonic enhancers in the dpp 

disk region regulate a second round of Dpp signaling from the dorsal ectoderm to the mesoderm 

that represses Zfh-1 expression in a subset of pericardial cells. Developmental Biology 262:137-

51. 

 

3) Dermitzakis, E.T., C.M. Bergman & A.G. Clark. (2003) Tracing the evolutionary history of Drosophila 

regulatory regions with models that identify transcription factor binding sites. Molecular Biology & 

Evolution 20:703-714. 

 

2) Bergman, C.M. & M. Kreitman. (2001) Analysis of conserved noncoding DNA in Drosophila reveals 

similar constraints in intergenic and intronic sequences. Genome Research 11:1335-45. 

 

1) Ludwig, M.Z., C. Bergman, N.H. Patel & M. Kreitman. (2000) Evidence for stabilizing selection in a 

eukaryotic cis-regulatory element. Nature 403:564-566. 

 

other 



2008 EMBO Young Investigator Programme Application Form 

 
 

page 7 

 
 
 synopsis of recent work   

 Please briefly describe the research carried out as a PhD (5 – 10 lines) and post doc (limited to a total of 1 page).  

 

Four Best Publications: 

Clark, A.G., M.B. Eisen, D.R. Smith, C.M. Bergman, B. Oliver, T.A. Markow, T.C. Kaufman, M. Kellis, W. 

Gelbart et al. (417 co-authors) . (2007) Evolution of genes and genomes on the Drosophila 

phylogeny. Nature 450:203-218. (co-Project Leader and co-Corresponding Author) 

Casillas, S., A. Barbadilla & C.M. Bergman. (2007) Purifying selection maintains highly conserved 

noncoding sequences in Drosophila. Mol. Biol. Evol. 24:2222-2234. 

Bergman, C.M. & D. Bensasson. (2007) Recent LTR insertion contrasts with waves of non-LTR insertion 

since speciation in Drosophila melanogaster. Proc. Natl. Acad. Sci. USA 104:11340-11345. 

Ranz, J.M., D. Maurin, Y.S. Chan, M. von Grotthuss, L. Hillier, J. Roote, M. Ashburner & C.M. Bergman. 

(2007) Principles of genome evolution in the Drosophila melanogaster subgroup. PLoS Biol. 

5:e152. 
 

PhD Research: My PhD studies focused on the evolution of cis-regulatory sequences that control 

transcription in Drosophila. During my thesis work I developed novel analytical approach to study the 

evolution of cis-regulatory (enhancer) sequences based on bioinformatic method to predict transcription 

factor binding sites.  I applied this novel method to noncoding sequences from developmentally 

regulated genes (e.g. even-skipped) that I cloned and sequenced from species in the genus Drosophila. 

This work contributed to the paradigmatic model of "binding site turnover" for enhancer evolution 

published in [ref. 1 in publication list above]. I additionally performed the first quantitative analysis of 

conserved noncoding DNA in any metazoan species [ref. 2], which led to novel insights about the 

organization and evolution of noncoding DNA. Both of the major publications from my PhD thesis were 

recognized by the Faculty of 1000, and several related projects resulted in follow-up publications [refs. 

3-5]. 
 

Post-doctoral Research: Based on the experience gained from my PhD, I was recruited to the 

Berkeley Drosophila Genome Project (BDGP) to lead the analysis of a pilot comparative sequencing 

project that was designed to assist the selection of additional Drosophila species for whole genome 

sequencing [http://www.fruitfly.org/comparative/]. This work resulted to the first multi-species analysis of 

large-scale comparative genomic data in Drosophila [ref. 7], in which I demonstrated that clusters of 

conserved noncoding sequences can be used to predict enhancers in Drosophila. I also initiated and 

supervised projects on (i) the evaluation of alignment methods to detect conserved noncoding DNA [ref. 

8], which was recognized by Thompson ISI as a "New Hot Paper" in 2005, and (ii) the curation of 

transcription factor binding site data [ref. 9], which has been incorporated into the official FlyBase 

annotation of the D. melanogaster genome. I have continued to maintain active projects on the 

annotation and evolution of transcriptional sequences [refs. 15-17, 20, 23-25] and noncoding DNA [ref 

19, 21] in my own group. 
 

While at the BDGP, I also initiated my first project on the genomic analysis of transposable elements 

(TEs) in Drosophila, which was the first major change of research topic in my career [ref. 6]. This project 

was executed in collaboration with Prof. Michael Ashburner, who invited me to apply for independent 

fellowships in his group at the University of Cambridge to continue research on the organization and 

evolution of Drosophila genomes. I was awarded fellowships from both the US National Science 

Foundation and the UK Royal Society to go to Cambridge, where I continued research on developing 

computational methods for the annotation of TEs in the Drosophila genome [refs 10, 13, 22]. The results 

of these collaborative projects have been have been incorporated into the official FlyBase annotation, 

and catalyzed several novel findings on TE evolution in Drosophila that I have published independently  

[refs. 12, 18]. During my fellowship in Cambridge, I also developed methods to identify inversion 

breakpoints between Drosophila using comparative genomic sequence data, which has lead to a new 

model for macro-inversion formation in flies [ref. 14].  
 

Summary: Prior to establishing my own group, my PhD and post-doctoral studies led to fundamental 

results in the fields of the evolution of gene regulation, comparative genomics, genome evolution, and 

genome annotation. During these initial phases of my career, I consistently incorporated new topics and 

methods into my research portfolio, as well as maintaining active projects for research areas in which I 

have strong commitment to making long-term progress. I also took the initiative to make a career 

change from the US to the UK, which has led to new scientific opportunities and international 

collaborations that were made possible only by making the transition into European science. This 

experience has enabled me to establish my own group in Bioinformatics and Functional Genomics in the 

Faculty of Life Sciences at the University of Manchester, where I have been awarded Researcher of the 

Year for 2007 (out of >200 active research group leaders) after only two and a half years in the Faculty.  
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 research   

 Please describe the research themes in your lab, 4 pages maximum for research proposal, 2 pages maximum for progress report.  

 Bibliography can be in addition to the prescribed page number.  

Ongoing Research 
 

Research in the Bergman Lab uses diverse computational and statistical methods to study genome 

structure, function and evolution. Our work capitalizes on the growing number of complete and draft 

genome sequences made available over the last decade, which offer an unparalleled opportunity for 

biological discovery in 21st century. The basic logic underlying our research program is that evolutionary 

processes have encoded functional and historical signals in genomes that can be decoded using 

computational and statistical methods. Using in silico techniques, we aim to infer the mechanistic and 

evolutionary forces that have shaped modern eukaryotic genomes over long periods of time in their 

natural environments. This inferential approach complements classical experimental methods in biology, 

and has the potential to reveal deep insights into biological processes that are not possible using in vitro 

or in vivo methods. One of the key advantages of a computational approach to biological research is 

that our research is not as limited by funding as many areas of experimental biology. This allows our 

work to be largely independent of financial constraints, which in turn allows a greater degree of 

intellectual freedom to pursue fundamental questions and respond to newly emerging topics in biology. 
 

To date, the major focus of my own research has been to understand the biological importance of non-

protein-coding DNA sequences in the Drosophila genome. Despite the fact that the vast majority of 

metazoan genome sequences are comprised of noncoding DNA, essentially nothing is known about the 

functional or evolutionary constraints that act on these enigmatic sequences. Specifically, I have sought 

to address questions concerning the organization, evolution and function of two classes of noncoding 

DNA: (1) cis-regulatory elements (enhancers, promoters, etc.) that control the transcriptional networks 

that underlie development, and (2) transposable elements that comprise a significant and dynamic 

component of genome sequences. Advances in these research areas will enhance our understanding of 

genome structure, molecular and genome evolution, the evolution of development, and mechanisms of 

transcriptional regulation. Based on my substantial experience in Drosophila genomics and evolution, I 

was recruited a project leader for the international Drosophila 12 Genomes Consortium, where I led the 

sub-sections on noncoding RNA genes, cis-regulatory elements and transposable elements and was co-

corresponding author on the publication in Nature [ref. 20]. 
 

With the addition of several PhD students, the research portfolio of the lab has expanded to include a 

wider array of projects focused around two main research themes: (i) functional genomics and (ii) 

genome evolution. Early projects originating from the lab were carried out by visiting PhD students 

(Casillas, Pierstorff, Hense, and Catania) funded by a EU Marie Curie Training grant, which led to 3 

publications [refs. 16, 19, 21]. More recently, projects designed and carried out by full-time PhD students 

in the lab (Barton, Cartwright, and Santos) are nearing completion, and I anticpate at least three 

manuscripts will be submitted by the end of summer 2008. The lab is still in a growth phase, as I am 

currently recruiting two additional PhD students (funded by NERC and BBSRC), and I will recruit a post-

doctoral researcher on an EU-funded project grant FP7-HEALTH-2007-B-223210. My goal is to have a 

group of ~3-4 PhD students and ~1-2 post-doctoral researchers, and I expect to achieve this group size 

within the next two years. I place a high priority on mentorship, scholarship and collegiality in the lab, 

and encourage my students to co-design independent projects within the lab's main research themes.  
 

Functional Genomics 
 

Identification of cis-regulatory elements in genome sequences (Nora Pierstorff) 
 

Since establishing my own group, I have continued to pursue my long-standing research interests in 

developing computational approaches to decode transcriptional control sequences in genomic DNA. 

The comprehensive identification of cis-regulatory sequences is one of the most challenging areas in 

bioinformatics and genome biology, but is critical for understanding the mechanisms of gene regulation 

and the regulatory networks that underlie development. The field of regulatory bioinformatics is a still in 

its infancy, and the number of computational approaches to achieve this aim continues to grow each 

year. The philosophy behind research in regulatory bioinformatics in Bergman Lab is that methods for 

the de novo discovery of regulatory elements must be rigorously benchmarked in the context of 

experimentally-verified regulatory sequences. Thus, in addition to developing de novo regulatory 

element prediction software, we are actively engaged in developing the computational infrastructure for 

annotating and warehousing experimental cis-regulatory data, as well as engineering methods for 

automated extraction of cis-regulatory data from the literature. We have completed projects in the lab on 

the de novo prediction of enhancer sequences (CisPlusFinder, [ref. 16]), annotating and 
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warehousing cis-regulatory data (ORegAnno, [refs. 15, 23] and RedFly [ref. 24]), and the automated 

extraction of regulatory sequences from biomedical text (text2seq, [ref. 25]).  
 

The CisPlusFinder method uses comparative genomic data alone to predict enhancer sequences for 

developmentally regulated genes. The basic idea behind CisPlusFinder is to identify clusters of 

highly conserved noncoding DNA that have motifs that are over-represented locally. We have shown 

through a careful evaluation study in Drosophila that CisPlusFinder can predict more known 

enhancers than other methods that rely on previous information about transcription factor specificity. I 

am currently prototyping a more rigorous second-generation version of CisPlusFinder for enhancer 

finding based on hidden Markov models that will be developed under EU grant FP7-HEALTH-2007-B-

23210. 
 

The second set of projects designed and completed in the Bergman Lab are in the area of constructing 

open-access regulatory sequence databases (ORegAnno, RedFly) to support research in genomics 

and regulatory bioinformatics. I am a founding member and part of the development team for the Open 

Regulatory Annotation (ORegAnno) project [refs. 15, 23] and have led the merger of the FlyReg 

database of transcription factor binding sites with the RedFly database of cis-regulatory modules to 

provide the first integrated portal for regulatory sequences in Drosophila. As these projects rely heavily 

on curation of the biomedical literature, we have started to incorporate methods from the area of 

biomedical text mining into the repertoire of techniques used in the lab. As a first step towards 

integrating of regulatory bioinformatics and text mining, in 2006 I co-organized the RegCreative 

Jamboree [http://www.dmbr.ugent.be/~barth/regcreative/] which brought together researchers from 

North America and Europe to identify joint problems and prospects in these fields.  
 

A major result of the RegCreative Jamboree was the development of a software system to directly 

extract DNA sequences from full text articles and map them to genome coordinates (text2seq). An 

example of the accuracy of text2seq) mappings in the D. melanogaster genome is shown in Figure  1. 

Remarkably, we have shown that using a combination of information retrieval and sequence extraction, 

we can achieve levels of accuracy 

for cis-regulatory annotation based 

on text mining that exceed the best 

de novo methods currently 

available [ref. 25]. The text2seq 

method is not restricted to cis-

regulatory DNA and we are 

currently mapping all of PubMed to 

Ensembl genomes to provide 

tracks of PubMed IDs that allow 

direct link outs from the Ensembl 

Genome Browser. This resource is 

the first component in an 

integrated genome/text-mining 

portal that is under development in 

the lab called pubmed2ensembl, 

and is currently under review by 

the BBSRC. 
 

Annotation of transposable elements in mammalian genome sequences (Paul Cartwright) 
 

Based on several years of experience in Drosophila [refs. 6, 10, 12, 13, 20], we have initiated an 

ambitious project to annotate transposable element (TE) insertions systematically in mammalian 

genomes using advanced genome bioinformatics techniques. TEs are by far the dominant feature of the 

human genome, comprising nearly 50% of all DNA sequences. The most commonly used method to 

identify TEs (RepeatMasker) only identifies fragments of ancestral TE insertions, but our work in 

Drosophila [ref. 10] has demonstrated that is not the most sensitive method for TE detection. We are 

actively developing and testing methods for the detection and "defragmentation" of TEs in the human 

and mouse genomes. As there are over 4 million TE fragments in the human genome, the sheer scale 

of the problem poses database design challenges that we have solved using a hierarchical framework 

that can be applied to any genome. We are using our defragmented TE annotations to address 

questions about the deleterious impact of TEs in human and mouse genomes and the role of TE 

domestication in the evolution of mammalian gene structure (see Progress Report below). 
 

Decoding the mechanisms of P-element transposition (Raquel Linheiro) 
 

In addition to understanding the role of TEs in genome evolution, we are interested in using the pattern 

of transposon integration in genomes to learn more about the molecular mechanisms of transposition. 

As a model system, we are using the 20,000+ P-element insertions that have been mapped to genome 

 
 

Figure 1. Example of text2seq mappings of cis-regulatory 
sequences extracted from full-text articles. Note that extracted 
sequences (top, black) map precisely to annotated cis-
regulatory elements (bottom, brown) in the Drosophila 

Hsp70Ab gene (middle, blue). 
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coordinates as a part of the Drosophila Genome Project. The P-element is a workhorse of Drosophila 

genetics, and as such much is known about the mechanisms of transposition, especially the processes 

that control excision of P-elements from their donor sites. However, surprisingly little is known about the 

biochemical mechanisms that control integration into new genomic locations. We are using genomic 

data, motif prediction and multivariate statistics to understand factors that determine why promoters and 

only 40% of Drosophila genes are targeted by the P-element (see Progress Report below) 
 

Genome Evolution 
 

Evolution of conserved noncoding DNA sequences (Sonia Casillas) 
 

Highly conserved noncoding sequences (CNS) are one of the most exciting discoveries of the post-

genomic era, as they are reliable guides to functional noncoding elements such as cis-regulatory 

sequences and noncoding RNA genes. My past research on CNSs concerned methods for their 

detection and quantitative analysis, while more recently I have shifted my interests towards understand 

the microevolutionary forces (e.g. natural selection, mutation) that act to maintain CNSs over long 

evolutionary periods. The recent availability of genome sequences for multiple Drosophila species [ref. 

20] and large-scale genome resequencing projects allows for unprecedented insight into the 

microevolutionary forces on CNSs. By adapting a data-harvesting pipeline for intra-specific variation [ref. 

21], we executed the first population genetic analysis of molecular variation within species in CNSs in 

Drosophila [ref 20]. The main findings of this completed project are: (i) patterns of selective constraint in 

Drosophila CNSs are incompatible with the mutational cold spot hypothesis to explain the existence of 

CNSs in Drosophila, (ii) we find no evidence of positive selection acting on Drosophila CNSs, although 

we do find evidence for the action of recurrent positive selection in the spacer regions between CNSs, 

(iii) the estimated strength and number of sites under purifying selection is greater for Drosophila CNSs 

relative to those in the human genome. Together with similar findings in mammals, this work argues 

against the general likelihood that CNSs are generated by mutational cold spots in any metazoan 

genome. We are currently following this work up using 454 whole genome sequencing data to refine our 

understanding of the microevolutionary forces and patterns of mutation acting on CNSs. 
 

Evolution of transposable element insertions in mammalian genomes (Paul Cartwright) 
 

Recent research has shown that a substantial proportion of human mRNAs contain fragments of TE 

sequences, and that these TE fragments contribute functional sequences to mammalian transcripts 

(promoters, splice sites, etc.). This recent conclusion for the adaptive "molecular domestication" of TEs 

contradicts the classical "selfish DNA" model for the evolution of TEs. We are using our defragmentated 

TE annotations (see above) to quantitatively assess the effects of natural selection on TE sequences in 

human and mouse genes. My previous research in Drosophila has shown that TE insertion into genes is 

rare and consistent with purifying selection, as expected under the  selfish DNA model. We estimated 

that the constraint on transposition into transcribed regions is ~0.5 (i.e. 50% of TEs that integrate in 

introns are eliminated by natural selection) and the constraint on transposition into functional mRNA 

sequences is ~0.8 (i.e. 80% of TEs that integrate in exons are eliminated by natural selection). We are 

extending this approach to TEs in mammalian genes by estimating the selective forces on distinct TE 

classes, families and subfamilies to understand how selection on TEs in genes varies over time and is 

affected by the different structural features of TEs (e.g. LTRs, pol II vs. pol III promoters, poly-A signals) 

(see Progress Report below). We are also using our in-house TE annotations to study the process of 

TE nesting, whereby one TE inserts into a TE that has previously inserted in the genome. I have shown 

in Drosophila that TE nests can be used to provide a novel, genome-based estimate of transposition 

rates [ref 18]  and provide critical information on the historical activity of different TE families [refs. 16, 

18] and we will apply these methods to the human and mouse data. We also plan to test the association 

of TEs and TE nests with features of chromatin structure (DNAse I hypersensitive sites, etc.) in a 

detailed analysis of the ENCODE regions. 
 

Using systems biology models to predict patterns of genome evolution (Michael Barton) 
 

The emerging field of systems biology presents unique opportunities to develop predictive approaches 

to genome biology and evolution. We have begun to use the formalism of flux-balance analysis (FBA) to 

make predictions about the composition and evolution of the yeast proteome. FBA models of yeast 

metabolism have been used recently to make predictions about the predicted phenotypes of gene 

knock-outs.  We have developed a novel application of FBA models of yeast metabolism to estimate the 

"cost" of amino acid biosynthesis. Estimates of amino acid biosynthetic cost have been calculated 

before using manual curation of biochemical pathways and used to make accurate predictions about 

gene expression levels. Our systems biology approach allows the automated, model-based calculation 

of amino acid biosynthetic cost under diverse environmental conditions. We have completed one project 

using this approach to study levels of mRNA, protein and free amino acids in the yeast cell (see 

Progress Report below), and are now embarking on testing whether cost predicts the rate and pattern 

of coding sequence evolution within and between yeast species. 
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Progress Report 
 

Decoding the mechanisms of P-element transposition (Raquel Linheiro) 
 

As a part of Raquel Linheiro's PhD project, we have discovered that the D. melanogaster P-element 

targets a 14-bp symmetrical insertion motif that predicts key aspects of P-element integration in the 

genome and has the potential to explain why many transposons contain inverted repeats at their termini. 

The main findings of this project are: (i) symmetry breaking of the optimal motif predicts the strand 

(Watson versus Crick) of P-element integration; (ii) integration on opposite strand of the same target site 

explains the excess of P-elements spaced 8-bp apart in the genome; (iii) hotspots for P-element 

integration have a better match to the motif model; and (iv) the inverted repeats of the P-element 

complement and restore the insertion site after it is destroyed upon P-element integration. Application of 

these findings may allow engineering of the P-element to recognize alternative target sequences and 

thereby knock-out different sets of genes in Drosophila. This work is now being written up for 

submission, and we expect that these finding will have broad impact in the field of Drosophila genetics 

and functional genomics. 
 

With this model for P-element target site recognition, Raquel is now investigating the causes of the well-

known phenomenon of P-element insertion into the promoter regions of Drosophila genes. Our 

preliminary findings are that (i) the P-element recognition motif is indeed enriched around D. 
melanogaster transcription start sites (TSS), (ii) the excess of recognition motifs is caused by elevated 

GC-content in the vicinity of TSSs, and (iii) core promoter type (e.g. TATA-containing, TATA-less) 

influences P-element insertion. Raquel is now developing a multivariate model to disentangle the 

correlated effects of P-element recognition motif, base composition, core promoter type, gene 

expression and gene function to understand what are the independent factors that determine P-element 

integration into specific genes and promoter regions. 
 

Selective constraints on transposable element insertion in mammalian genes (Paul Cartwright) 
 

As a part of Paul Cartwright's PhD project, we find that over 1 million TEs have inserted into ~37% of the 

~23,000 distinct genes in the human genome, but only ~20,000 of these TE insertions are in human 

exons. The major results of this analysis to date are: (i) the proportion of TE sequences in intergenic 

regions is much greater (45%) than in genic regions (25%), (ii) the vast majority (~98%) of genic TE 

insertions are in introns relative to exons, (iii) among exonic regions, 3' UTRs are more likely to contain 

TE fragments, followed by 5' UTRs, with only ~4,000 TE insertions are found in coding exons, (iv) 

selective constraint on transposition into introns regions in the human genome is ~0.55 (v) selective 

constraint is nearly equivalent for 3' and 5' UTRs and thus the excess of TEs in 3' UTRs is mainly due to 

the increased length of 3' UTRs, (vi) selective constraint on transposition into coding exons is ~0.9. 

These results strongly suggest that the dominant mechanism that controls TE abundance in human 

genes is purifying selection and support the selfish DNA theory that most TE insertions are deleterious, 

rather than adaptive domesticated insertions. In fact, the levels of constraint against TE insertion are 

remarkably similar between human and Drosophila, and the fact that human genes have many more TE 

insertions relative to Drosophila (~0.5% of genes) is only due to the fact that the human genome has 

three orders of magnitude more TE insertions than the Drosophila genome. We are currently analyzing 

the mouse genome for similar properties to generalize these results and expect to complete a 

manuscript on this work by the end of the summer 2008. 
 

Paul is currently investigating the temporal pattern of of selective constraint on TE insertion in human 

genes to test the hypothesis that bottlenecks during hominid evolution led to variation in acquisition of 

TE sequences in human genes. To do this, he is using age information in the sequence divergence of 

TE insertions to reconstruct ancestral "pre-insertion" versions of the human genome going back in time, 

and re-calculating the selective constraints on TE insertion in human genes. We predict that periods of 

reduced effective population size during hominid evolution will lead to an increase in transposition rate 

and/or a decrease in selective constraint for multiple TE families confined to restricted temporal 

intervals. We will correlate our temporal analysis with key speciation and biogeographical dates 

estimated from the fossil record and the molecular clock, and use outgroup analysis from the growing 

number of primate genome sequences to confirm our results. 
 

Selective effects of the cost of amino acid synthesis (Michael Barton) 
 

As a part of Michael Barton's PhD project, we have completed a study entitled "Systems biology of 

energetic and atomic costs in the yeast transcriptome, proteome, and metabolome." The manuscript for 

this work is nearly complete and will be submitted in April 2008. Our working hypothesis is that natural 

selection is expected to favour the use of proteins whose constituents are cheaper to produce in terms 

of energetic and atomic cost, and this should be encoded in the genome in gene and regulatory 

sequences. Previous work investigating the cost of amino acid synthesis has used codon usage bias as 

a proxy for gene expression levels and computed cost based on manual curation of metabolic pathways. 

In contrast, we investigated the effects of the cost of amino acid synthesis directly on transcriptomic, 
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proteomic and metabolomic data. We have used our new systems biology measure of amino acid cost 

in conjunction with codon usage bias, tRNA count, gene length, and atomic composition to identify the 

factors that predict transcript, protein, and pool amino acid levels in the yeast cell. We find that our novel 

systems approach to formulating the cost of amino acid synthesis explains similar levels of variation in 

gene expression relative to previously reported methods, but uniquely allows automated cost 

calculations in different environments. Regardless of the cost measure used, we find that the cost of 

amino acid synthesis has a small but independent effect on transcript and protein levels relative to 

codon usage bias, whereas cost explains a larger proportion of variation in levels of free amino acids. 

We conclude that in the economy of the yeast cell, the cost of amino acid synthesis influences transcript 

and protein levels to a lesser degree than translational optimisation, whereas atomic and energetic cost 

plays a much larger role explaining the variation in pool amino acids.  
 

Mike is now determining whether our systems-biology approach for calculating amino acid biosynthetic 

cost makes accurate predictions about the rate of protein evolution between yeast species. As the 

deleterious effects of acid biosynthetic cost may be purged before mutations can go to fixation between 

species, a third project in this research program will attempt combine population genetics analysis of 

slightly deleterious mutations within species in whole-genome resequencing data from yeast 

[http://www.sanger.ac.uk/Teams/Team71/durbin/sgrp/]. Our hypothesis is that the effects of effects of 

acid biosynthetic cost will be more apparent in within species variation and that gene-specific levels of 

polymorphic deleterious amino acid mutations can be predicted from gene-specific biosynthetic costs. 

This work has the potential to pioneer a new field of "systems population genetics", which may have 

enormous impact for the interpretation of the functional effects of SNP variation in human genes. 
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lab members 

 

 
 name position 

1 Michael Barton PhD Student 
 member since member until 

 Sep 2007 Mar 2009 
   

 name position 

2 Raquel Linheiro PhD Student 
 member since member until 

 Apr 2007 Sep 2010 
   

 name position 

3 Paul Cartwright PhD Student 
 member since member until 

 Sep 2006 Mar 2010 
   

 name position 

4 Sonia Casillas Visiting PhD Student 
 member since member until 

 Jan 2006 Apr 2006 
   

 name position 

5 Nora Pierstorff Visiting PhD Student 
 member since member until 

 Feb 2006 Jun 2006 
   

 name position 

6 Francesco Catania Visiting PhD Student 
 member since member until 

 Jan 2006 Apr 2006 
   

 name position 

7 Winfried Hense Visiting PhD Student 
 member since member until 

 Jan 2006 Jun 2006 
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 description of institution   

 Please describe in a few sentences the infrastructure and the equipment provided by your institution for your research. State also your long   

 term prospects and duties, i.e. teaching etc.  

 
The Bergman Lab is housed in the state-of-the-art Michael Smith Building in the Faculty of Life Sciences 

in custom-built bioinformatics research space. The Lab space comfortably sits 6 bioinformatics 

workspaces, and has excellent light and circulation. Dedicated hardware for the lab currently includes 4 

Mac OSX workstations, 1 Linux workstation, 2 dedicated high-performance OS X database servers all 

purchased within the last two years with ample memory and processer specificiations, plus ~2 

Terabytes of storage to back-up all active and completed projects. We also have unlimited access to a 

64-node beowulf cluster that is used by the main research groups in Bioinformatics and Functional 

Genomics, that is supported by two full-time UNIX administrators funded centrally by the faculty. A 

second 64-node high memory computing cluster is being built using funds from a recent ~£170,000 

BBSRC. 
 

Teaching in the Faculty of Life Sciences is allocated approximately equally among all staff, and my 

current teaching load this year has now achieved its expected long-term levels. I currently contribute 

lectures to the following courses: Fundamentals of Bioinformatics (4), Post-Genome Biology (4), 

Evolutionary Developmental Biology (4), and Genomes to Systems (4). I also run tutorial groups and 

supervise short projects for final year undergraduates and MSc students in Bioinformatics, am deputy 

director of the MSc programme in Bioinformatics, the Bioinformatics and Functional Genomics seminar 

series coordinator, and the Faculty of Life Sciences representative to Universityof Manchester 

International Steering Committee. In total, teaching and adminstration occupy only ~10-15 hours per 

week averaged over the academic year, allowing substantial time for supervision and direct participation 

in research projects. 


