CURRICULUM VITAE
Alexey S. Kondrashov, Citizen of Russian Federation, Permanent Resident of the USA

PERSONAL: Born on 11 April 1957; married to Natalia Y. Kondrashova; have 5 sons.

ADDRESS: National Center for Biotechnology Information, NIH

                     Building 38A, 6th floor, Bethesda, MD 20894

                     Phone: (301) 435-8944; e-mail: kondrashov@ncbi.nlm.nih.gov

EDUCATION:

1978 - 1984   Candidate of Biology (equivalent to Ph.D.) (Evolutionary Genetics) from

                       Research Computer Center, Pushchino

1973 - 1978   Diploma of Higher Education (equivalent to M.Sc.) (Zoology and Genetics)

                       from Mikhail Lomonosov Moscow State University

RESEARCH EXPERIENCE:

  1999 -           Senior Investigator, National Center for Biotechnology Information, NIH

  1996 - 1999  Associate Professor, Section of Ecology & Systematics, Cornell University

  1993 - 1996  Assistant Professor, Section of Ecology & Systematics, Cornell University

  1990 - 1992  Associate Visiting Scientist, Lab. of Genetics, U. of Wisconsin, Madison;

                        Research Associate, Department of Ecology and Evolution, U. of Chicago;

                        Research Associate, Department of Biology, University of Oregon, Eugene

  1986 - 1990   Researcher, Research Computer Center, Pushchino, USSR

  1978 - 1986   Junior Researcher, Research Computer Center, Pushchino, USSR

TEACHING EXPERIENCE:

  1993 - 1999  Cornell University. Evolution (two sophomore-level courses: for biology

                        majors and for non-majors); Population and Evolutionary Ecology

                        (advanced undergraduate course, with D. Winkler); Population Genetics

                        (advanced undergraduate course); Theoretical Population Genetics

                        (introductory graduate course); Mathematical Ecology (introductory

                        graduate course, with C. Castillo-Chavez); Evolutionary Genetics of

                        Reproduction (graduate course); Genetics of Structured Populations

                        (graduate course, with R. Durret and C. Green); Speciation (advanced

                        graduate course).

  1991              University of Chicago. Evolution of Reproduction (with B. and D.

                        Charlesworth and S. Pruett-Jones)

  1984 - 1990   Moscow State University. Population Genetics; Mathematical and

                        Computer Methods in Biology, Moscow State University (a team course)

  1981 - 1989   Pushchino High School. Advanced Biology (with S. I. Rozanov)

GRANTS:

  1995 - 1998   PI to NSF grant "Evolutionary Genetics of Deleterious Mutations"

  1996 - 1998   PI to NSF grant "The Effect of Relaxed Selection on Population Fitness"

  1999 - 2002   co-PI (later, consultant) to NSF grant "Recessive Lethals in Wild Fish

                        Populations"

GEOGRAPHY OF INVITED PRESENTATIONS:

Baku (Azerbajan); Montreal, Toronto (Canada); Beijing, (China); San Jose (Costa Rica); Cologne, Heidelberg, Seewiesen (Germany); Debrecen (Hungary); Riga (Latvia); Ignalina, Vilnius (Lithuania); Cisinau (Moldova); Chernogolovka, Dubna, Moskva, Novosibirsk, Pushchino, Sankt-Piterburg (Russia); El Escorial (Spain); Bath, Brighton, Cambridge, Edinburgh, London, Liverpool, Oxford, Warwick (UK); Ann Arbor, Asilomar, Baltimore, Bethesda, Blacksburg, Boston, Boulder, Cold Spring Harbor, Atlanta, Davis, DeKalb, Madison, New Haven, Raleigh, Rochester, Salt Lake City, Santa Barbara, Santa Cruz, Snowbird, St. Paul, Stony Brook (USA); Samarkand (Uzbekistan).

REFERENCES:

Laurence D. Hurst, University of Bath, l.d.hurst@bath.ac.uk

Eugene V. Koonin, NCBI, koonin@ncbi.nlm.nih.gov


Michael Turelli, UC-Davis, mturelli@ucdavis.edu

PUBLICATIONS:

     1. Kondrashov A. S. (1982). Selection against harmful mutations in large sexual and asexual populations. Genetical Research 40, 325-332.

     2. Kondrashov A. S. (1983). Multilocus model of sympatric speciation. I. One character. Theoretical Population Biology 24, 121-135.

     3.  Kondrashov A. S. (1983). Multilocus model of sympatric speciation. II. Two characters. Theoretical Population Biology 24, 136-144.

     4. Kondrashov A. S. (1984). Rate of evolution in a changing environment. Journal of Theoretical Biology 107, 249-260.

     5. Kondrashov A. S. (1984). A possible explanation of cyclical parthenogenesis. Heredity 52, 307-308.

     6. Kondrashov A. S. (1984). Deleterious mutations as an evolutionary factor. I. The advantage of recombination. Genetical Research 44, 199-217.

     7. Kondrashov A. S. (1985). Deleterious mutations as an evolutionary factor. II. Facultative apomixis and selfing. Genetics 111, 635-653.

     8.  Kondrashov A. S. (1986). Multilocus model of sympatric speciation. III. Computer simulations. Theoretical Population Biology 29, 1-15.

     9. Kondrashov A. S. and Mina M. V. (1986). Sympatric speciation: when is it possible? Biological Journal of Linnean Society 27, 201-223.

     10. Kondrashov A. S. (1988). Deleterious mutations as an evolutionary factor. III. Mating preference and some general remarks. Journal of Theoretical Biology 131, 487-496.

     11. Kondrashov A. S. (1988). Deleterious mutations and the evolution of sexual reproduction. Nature 336, 435-440.

     12. Kondrashov A. S. and Crow  J. F. (1988). King's formula for the mutation load with epistasis. Genetics 120, 853-856.

     13. Kondrashov A. S., Beridze T. G. and Chiaureli N. B. (1990). Two regions of M13 phage genome hybridizing with human DNA are similar to several keratin genes. Biochimie 72, 867-871.

     14. Kondrashov A. S. and Crow J. F. (1991). Haploidy or diploidy: which is better? Nature 351, 314-315.

     15. Shabalina S. A., Yurieva O. V. and Kondrashov A. S. (1991). On the frequencies of nucleotides and nucleotide substitutions in conservative regulatory DNA sequences. Journal of Theoretical Biology 149, 43-54.

     16. Kondrashov A. S. (1992). Species and speciation. Nature 356, 752 (Scientific Correspondence).

     17. Kondrashov A. S. and Turelli M. (1992). Deleterious mutations, apparent stabilizing selection and maintenance of quantitative variation. Genetics 132, 603-618.

     18. Kondrashov A. S. (1992). The third phase of Wright's shifting-balance: a simple analysis of the extreme case. Evolution 46, 1972-1975.

     19. Kondrashov A. S. (1993). Classification of hypotheses on the advantage of amphimixis. Journal of Heredity  84, 372-387.

     20. Kondrashov A. S. and Crow J. F. (1993). A molecular approach to measuring the human genomic deleterious mutation rate. Human Mutation 2, 229-234.

     21. Shnol E. E. and Kondrashov A. S. (1993). The effect of selection on the phenotypic variance. Genetics 134, 995-996.

     22. Kondrashov A. S. (1994). Muller's ratchet under epistatic selection. Genetics 136, 1469-1473.

     23. Kondrashov A. S. (1994). Mutation load under vegetative reproduction and cytoplasmic inheritance. Genetics 137, 311-318.

     24. Kondrashov A. S. (1994). Sex and deleterious mutation. Nature 369, 99-100 (News and Views).

     25. Kondrashov A. S. (1994). Gradual origin of amphimixis by natural selection. In: M. Kirkpatrick, ed. The Evolution of Haploid-Diploid Life Cycles. Lectures on Mathematics in the Life Sciences, vol. 25, 27-51.

     26. Kondrashov A. S. (1994). The asexual ploidy cycle and the origin of sex. Nature 370, 213-216.

     27. Shnol E. E. and Kondrashov A. S. (1994). On some relations between different characteristics of selection. Journal of Mathematical Biology 32, 835-840.

     28. Kondrashov A. S. and Houle D. (1994). Genotype-environment interactions and the estimation of the genomic mutation rate in Drosophila melanogaster. Proceedings of the Royal Society, ser. B 258, 221-227.

    29. Kondrashov A. S. (1995). Dynamics of unconditionally deleterious mutations under soft selection. Genetical Research 65, 113-121.

    30. Kondrashov A. S. (1995). Modifiers of reproduction under the mutation-selection balance: general approach and the evolution of mutability. Genetical Research 66, 53-69.

     31. Kondrashov A. S. (1995). Contamination of the genome by very slightly deleterious mutations: why have we not died 100 times over? Journal of  Theoretical Biology 175, 583-594.
     32. Nazipova N. N., Shabalina S. A., Ogurtsov A. Y., Kondrashov A. S., Roytberg M. A., Buryakov G. V. and Vernoslov S. E. (1995). SAMSON: a software package for the biopolymer primary structure analysis. CABIOS 11, 423-426.

     33. Kondrashov A. S. and Yampolsky L. Y. (1996). High genetic variability under the balance between symmetric mutation and fluctuating stabilizing selection. Genetical Research 68, 157-164.

     34. Kondrashov A. S. and Yampolsky L. Y. (1996). Evolution of amphimixis and recombination under fluctuating selection in one and many traits. Genetical Research 68, 165-173.

     35. Khibnik A. I. and Kondrashov A. S. (1997). Three mechanisms of Red Queen dynamics. Proceedings of the Royal Society, ser. B 264, 1049-1056.

     36. Houle D., Kondrashov A. S., Yampolsky L. Y., Morikawa B., Caldwell S. and Steponkus P. L. (1997). The effect of cryopreservation on the lethal mutation rate in Drosophila melanogaster embryos. Genetical Research 69, 209-213.

     37. Shabalina S. A., Yampolsky L. Y. and Kondrashov A. S. (1997). Rapid decline of fitness in panmictic populations of Drosophila under relaxed selection. Proceedings of the National Academy of Sciences USA 94, 13034-13039.

     38. Kondrashov A. S. (1997). Evolutionary genetics of life cycles. Annual Review of Ecology and Systematics 28, 391-435.

     39. Kondrashov A. S. (1998). Measuring spontaneous deleterious mutation process. Genetica 102/103, 183-197.

     40. Kondrashov A. S., Yampolsky L. Y. and Shabalina S. A.  (1998). On the sympatric origin of species by means of natural selection. In: Endless Forms: Species and Speciation (D. J. Howarth and S. H. Berlocher, eds.), pp. 90-98. Oxford Univ. Press.

     41. Kondrashov A. S. and Shpak M. (1998). On the origin of species by means of assortative mating. Proceedings of the Royal Society, ser. B 265, 2273-2278.

     42. Shpak M. and Kondrashov A. S. (1999). Applicability of the hypergeometric phenotypic model to haploid and diploid populations. Evolution 53, 600-604.

     43. Yampolsky L. Y., Webb C. T., Shabalina S. A. and Kondrashov A. S. (1999). Rapid accumulation of a vertically transmitted parasite triggered by relaxation of natural selection among hosts. Evolutionary Ecology Research 1, 581-589.

     44. Shabalina S. A. and Kondrashov A. S. (1999). Pattern of selective constraint in C. elegans and C. briggsae genomes. Genetical Research 74, 13-22.

     45. Kondrashov A. S. and Kondrashov F. A. (1999). Interactions among quantitative traits in the course of sympatric speciation. Nature 400, 351- 354.

     46. Kondrashov A. S. (1999). Comparative genomics and evolutionary biology. Current Opinion in Genetics and Development 9, 624-629.

     47. Koonin E. V., Aravind L. and Kondrashov A. S. (2000). The impact of comparative genomics on our understanding of evolution. Cell 101, 573-576.

     48. Aravind L., Wolf Y. I., Kondrashov A. S. and Koonin E. V. (2000). Bacterial homologs of the small subunit of eukaryotic DNA primase. Journal of Molecular Microbiology and Biotechnology 2, 509-512.

     49. Wolf Y. I., Kondrashov A. S. and Koonin E. V. (2000). Interkingdom gene fusions. Genome Biology 1 (6), Research 0013.

     50. Wolf Y. I., Rogozin I. B., Kondrashov A. S. and Koonin E. V. (2001). Genome alignment, evolution of prokaryotic genome organization and prediction of gene function using genomic context. Genome Research 11, 356-372.

     51. Kondrashov A. S. (2001). Sex and U. Trends in Genetics 17, 75-77.

     52. Yang H.-P., Tanikawa A. Y., Van Voorhies W. A., Silva J. C. and Kondrashov A. S. (2001). Whole-genome effects of EMS-induced mutation on nine quantitative traits in outbred Drosophila melanogaster. Genetics 157, 1257-1265.

     53. Yang H.-P., Tanikawa A. Y. and Kondrashov A. S. (2001). Molecular nature of 11 de novo spontaneous mutations in Drosophila melanogaster. Genetics 157, 1285-1292.

     54. Sunyaev S., Ramensky V., Koch I., Lathe III W., Kondrashov A. S. and Bork P. (2001). Prediction of deleterious human alleles. Human Molecular Genetics 10, 591-597.

     55. Shabalina S. A., Ogurtsov A. Y., Kondrashov V. A. and Kondrashov A. S. (2001). Selective constraint in intergenic regions of human and mouse genomes. Trends in Genetics 17, 373-376.

     56. Kondrashov F. A. and Kondrashov A. S. (2001). Multidimensional epistasis and the disadvantage of sex. Proceedings of the National Academy of Sciences USA 98, 12089-12092.

     57. Houle D. and Kondrashov A. S. (2002). Coevolution of costly mate choice and condition-dependent display of good genes. Proceedings of the Royal Society, ser. B 269, 97-104.

     58. Kondrashov A. S. and Shabalina S. A. (2002). Classification of common conserved sequences in mammalian intergenic regions. Human Molecular Genetics 11, 669-674.

     59. Webb C. T., Shabalina S. A., Ogurtsov A. Y. and Kondrashov A. S. (2002). Analysis of similarity within 142 pairs of orthologous intergenic regions of Caenorhabditis elegans and C. briggsae. Nucleic Acids Research 30, 1233-1239.

     60. McCune A. R., Fuller R. C., Aquilina A. A., Dawley R. M., Fadool J. M., Houle D., Travis J. and Kondrashov A. S. (2002). A low genomic number of recessive lethals in natural populations of bluefin killifish and zebrafish. Science 296, 2398-2401.

     61. Silva J. C. and Kondrashov A. S. (2002). Patterns in spontaneous mutation revealed by human-baboon sequence comparison. Trends in Genetics 18, 544-547.

     62. Kondrashov A. S., Sunyaev S. and Kondrashov F. A. (2002). Dobzhansky-Muller incompatibilities in protein evolution. Proceedings of the National Academy of Sciences USA 99, 14878-14883.

     63. Roytberg M. A., Shabalina S. A., Ogurtsov A. Y. and Kondrashov A. S. (2002). A hierarchical approach to aligning collinear regions of genomes. Bioinformatics 18, 1673-1680.

     64. Ogurtsov A. Y., Shabalina S. A., Roytberg M. A. and Kondrashov A. S. (2002). OWEN: aligning long collinear regions of genomes. Bioinformatics 18, 1703-1704.

     65. Kondrashov A. S. (2003). A direct estimate of human per nucleotide spontaneous mutation rate. Human Mutation 21, 12-27.

     66. Kondrashov A. S. (2003). Accumulation of Dobzhansky-Muller incompatibilities within a spatially structured population. Evolution 57, 151-153.

     67. Yang H.-P. and Kondrashov A. S. (2003). Cyclical dynamics under constant selection against mutations in haploid and diploid populations with facultative selfing. Genetical Research 81, 1-6.

     68. Shabalina S. A., Ogurtsov A. Y., Lipman D. J., Kondrashov A. S. (2003). Patterns in interspecies similarity correlate with nucleotide composition in mammalian 3'UTRs. Nucleic Acids Research 31, 5433-5439.

     69. Silva J. C., Shabalina S. A., Harris D. G., Spouge J. L. and Kondrashov A. S. (2003). Conserved transposable element sequences in noncoding regions: evidence for widespread domestication of MIR and L2 elements in the mouse and human genomes. Genetical Research 82, 1-18.

     70. Kondrashov A. S. and Rogozin I. B. (2004). Context of deletions and insertions in human coding sequences. Human Mutation 23, 177-185.

     71. Arnegard M. and Kondrashov A. S. (2004). Sympatric speciation by sexual selection alone is unlikely. Evolution 58, 222-237.

     72. Kondrashov F. A., Ogurtsov A. Y. and Kondrashov A. S. (2004). Bioinformatical assay of human gene morbidity. Nucleic Acids Research 32, 1731-1737.
     73. Bazykin G. A., Kondrashov F. A., Sunyaev S., Ogurtsov A. Y. and Kondrashov A. S. (2004). Positive selection at sites of multiple amino acid replacements since rat-mouse divergence. Nature (accepted).
     74. Ogurtsov A. Y., Sunyaev S. and Kondrashov A. S. (2004). Length-based estimate of evolutionary distance and human-mouse divergence. Genome Research (accepted).
     75. McCune A. R., Houle D., McMillan K., Anable R. and Kondrashov A. S. (2004). Two classes of deleterious recessive alleles in a natural population of zebrafish Danio rerio. Proceedings of the Royal Society, ser. B (accepted).
     76. Kondrashov A. S., Kondrashov F. A. and Ogurtsov A. Y. (2004). Constant selection diversifies evolution rates at mammalian synonymous sites. PLoS Biology (submitted).

     77. Jordan I. K., Kondrashov F. A., Adzhubey I. A., Wolf Y. I., Kondrashov A. S., Koonin E. V. and Sunyaev S. (2004). A universal trend in the evolution of protein amino-acid composition. Nature (submitted).

     78. Kondrashov A. S. and Kondrashov F. A. (2004). Compensated pathogenic deviations from splicing signals within introns. Human Mutation (project).
     79. Kondrashov A. S. and Kondrashov F. A. (2004). Compensated pathogenic deviations within human paralogs. Human Mutation (project).
     80. Yampolsky L. Y. and Kondrashov A. S. (2004). Deleterious effects of amino acid substitutions ascertained through data on human Mendelian diseases and on human-chimpanzee divergence. Human Molecular Genetics (project).

     81. Kondrashov V. A., Ogurtsov A. Y., Shabalina S. A., Sunyaev S. and Kondrashov A. S. (2004). Genome-wide analysis of selective constraint in human and murine intergenic regions. Nature (project).
     82. Bazykin G. A. and Kondrashov A. S. (2004). Correlated nonsynonymous and synonymous substitutions in mammals. Nature (project).

     83. Bernat J., Kondrashov A. S., Ogurtsov A. Y. and Ginsburg D. (2004). Markers of endothelial expression in regulatory regions of mammalian genes. Human Molecular Genetics (project).

     84. Kondrashov A. S. and Kondrashov F. A. (2004). Sympatric speciation under Dobzhansky-Muller epistasis. Nature (idea).

     85. Kondrashov A. S. Evolution of multiple equilibria in gene networks. (2004) Nature (idea).

(book reviews and over 10 papers in Russian are not included)

RESEARCH
PAST
SOVIET YEARS (1976-1990):


 In my native country, I mainly studied 3 theoretical problems: sympatric speciation (1978-1984), evolutionary role of deleterious mutations (1981-1990), and analysis of DNA sequences (1983-1990). I also did some experimental and field work.

Sympatric speciation

The theory of sympatric speciation available in 1978 was based on an unrealistic assumption that reproductive isolation is achieved through differences at just one locus. I developed a simple analytical approach to studying the final stage of speciation (when only few intermediate individuals are still present) when the forming species differ in one or several polygenic traits and have found that this stage can proceed under reasonable conditions. Also, I did computer modeling of the whole process under the same assumptions. In 1984, I nearly discovered the hypergeometric model, but did not then realize how useful it can be. Also, I erroneously believed that the final stage of sympatric speciation is critical, i. e. requires the most stringent conditions.

Evolutionary role of deleterious mutations

Maynard Smith concluded in 1978 that no satisfactory explanation was proposed for the evolution of sex. I applied the results on mutation load under epistatic selection (Kimura and Maruyama, 1966; Crow, 1970) to this problem and found that under synergistic epistasis sex confers an advantage large enough to counterbalance tits two-fold cost if the genomic deleterious mutation rate, U, is at least ~1.


Later I created more complicated models of individual selection, which incorporated modifier loci, and demonstrated that selection against mutations may drive the evolution of recombination, cyclical apomixis, partial selfing, and mate choice. To this end, U must be of order of a standard deviation of the distribution of the number of mutations per genome. Now this mutational deterministic (MD) hypothesis is recognized as one of the few plausible solutions for the "paradox of sex". Deleterious mutation can also be important for the evolution of aging, maintenance of quantitative and molecular variability, the evolution of mate choice. I did some work exploring these possibilities.

Analysis of DNA

For 7 years I was responsible for the maintenance of DNA and protein sequence data bases and for creating programs for their analysis in the Research Computer Center, Pushchino. I led a small team which developed software SAMSON (about 50,000 lines of code), which was widely used for sequence analysis in the USSR.

Field work

I took part in several field projects. The only one which resulted in a publication (in Russian) was description of a hybrid zone between Anemone fasciculata and A. speciosa (Ranunculaceae) in Caucuses Mountains, the most spectacular hybrid zone I am aware of. My understanding of the nature of species was profoundly influenced by observing, within a narrow (10-50 m) ecotone, many variable, healthy, and fecund hybrids between the two drastically different species.

Experimental work

My only direct exposure to molecular techniques occurred in 1976 when I studied, for an undergraduate project, isoenzyme polymorphism in a frog Rana ridibunda in Moscow region (to my amazement, some individuals carried 3 different alleles at glucose dehydrogenase locus, and later it was found that many frogs within the populations I studied are triploid - the possibility I did not consider). In the course of this work I accidentally swallowed a small amount of KCN solution, and the experience that followed facilitated my switch to theory.

EARLY AMERICAN YEARS (1990-1993)

In August 1990 I came to the USA, on invitations by James Crow and Brian Charlesworth, to work for 1 year. However, it soon became obvious that post-Soviet Russia is not a place to study evolution, and I decided to stay. During the first 3 years, I held 6 6-month appointments at 4 different places. Nevertheless, I did some decent work. In particular, I analyzed (with Michael Turelli) apparent stabilizing selection on phenotypes due to directional selection on genotypes and pleiotropy, demonstrated (with David Houle) that the impact of fresh mutations on fitness depends strongly on the environment, proposed (with James Crow) a simple method for measuring selective constraint, wrote a comprehensive review of the evolution of sex, and even took part in sequencing E. coli.

CORNELL YEARS (1993-1999)

Various factors, over which I had no control, interfered with my work in 1988-1992. Thus, I came to Cornell with a lot of undeveloped ideas. It took 3 years, and almost 20 papers, to complete almost everything. My work during these years was mostly concerned with theoretical investigation of deleterious mutations and the evolution of reproduction.

After this, I undertook several experimental projects (with 5 people in my lab, including 2 superb undergraduates) trying to measure genomic parameters of spontaneous deleterious mutation. My large-scale mutation accumulation experiment estimated the mutational pressure on fitness in Drosophila melanogaster to be 0.02 per generation, in perfect agreement with results data of Mukai, and much higher than what some people reported more recently. Data on the impact on fitness of artificial mutagenesis (by EMS) are also in agreement with Mukai, assuming that the impact of a single treatment with EMS is equivalent to ~100 generations of spontaneous mutation. Also, we performed locus-specific screening for de novo mutations at 5 eye-color loci in Drosophila melanogaster, attempting to determine per nucleotide rate and the molecular nature of spontaneous mutation.

Finally, I returned to theory of sympatric speciation and published several papers filing gaps left by my early work and applying the hypergeometric phenotypic model to several new problems.

PRESENT
NCBI (1999- )

While Cornell was OK, NCBI is better. First of all, here I have no wet lab to keep Drosophila, and thus have no opportunity to work myself into grave (I was moving rapidly in this direction in 1996-1999). Second, my introductory course on evolution for biology majors was not as popular as I felt it deserves to be (different people would give different reasons for this). Finally, I lost my privilege to apply for grants.


Although my current boss Colonel Lipman ordered me to do any theoretical work I wish, I found it foolish to pretend that I am still at a Department of Ecology and Evolution. Also, I feel that Chetverikov-Dobzhansky paradigm of studying evolution through dynamics of genetic variation is well past its prime. Finally, I grew tired of waiting for key parameters of my pet hypotheses to be properly measured. Thus, I made a serious effort to switch to genomics (whatever it means), of course, illuminated by the evolutionary perspective.


More specifically, I started the following projects:

1) Comparative analysis of intergenic DNA. This includes creating software for superlong sequence alignment, measuring selective constraint, and trying to learn something about regulation of transcription. This consumes ~50% of my effort.

2) Analysis of human mutation using the data on alleles causing Mendelian diseases and on SNPs. These data make it possible to refine crucially important estimates of mutation rates, of coefficients of selection against mutant alleles, and on Dobzhansky-Muller epistasis in the evolution of proteins.


3) Together with Becky Fuller (Florida State) and Amy McCune (Cornell) I estimated the genomic number of recessive lethals in two fish species, which turned out to be surprisingly low.

4) I keep doing some work on traditional evolutionary genetics, including evolution of sex, breeding systems, sexual selection, and theory of speciation.

These project (except 3, which is already finished) will probably keep me busy for 2-3 more years. In addition, my lab is ready (we already have the necessary scripts and pipelines) to do large-scale comparison of multiple mammalian genomes. This will be radically more interesting than pairwise human-mouse comparison, and the genomes of rat, chimpanzee and goat may be available this year.

FUTURE

Although my record does not reflect this, for many years I believe that the most fundamental evolutionary problems must be studied at the organismal, instead of the population, level. The question why a certain genotype has the fitness it has cannot be addressed if we treat individuals as black boxes and assume that the genotypes -> fitnesses map (adaptive topography, fitness surface) is already known. Indeed, the very possibility of evolution, i.e. of gradual changes of a species, depends critically on the nature of this map, requiring connectedness of the set of (at least some) high-fitness genotypes. This evolvability requirement imposes very strong constraints on the way genomes are organized and, consequently, may allow one to deduce many principles of their functioning.


Thus, I want to understand why fit genotypes form connected sets. The question is not new, but it is still far from being resolved. A possible approach is to study a computer model of the evolution of a metabolic pathway or a network of many interacting genes. The results may be particularly interesting because soon we will have much more data on the gene interactions. So far, population-level and DNA-level problems, kept me from switching to evolution at the cellular and organismal levels, but I hope to do this one day.
TEACHING

My style of teaching was formed during 9 years when I taught (as a volunteer) an extra-curriculum course on Biology in Pushchino High School. I developed this course (similar to AP Biology) together with my former school teacher Sergey I. Rozanov. I believe that our approach to organizing enormously diverse biological knowledge into a logical system is suitable for both high school and college level Intro Bio (see below).


At Cornell, I have taught several courses related to population and evolutionary biology (see above). Below I describe briefly two of them, on evolution and on theoretical population genetics, which are to some extent different from other courses on these subjects (my half of another course, on Population Ecology, was organized around simple dynamical systems and their bifurcations, and was fairly standard). My emphasis is on teaching how to do things; I prefer to leave some topics uncovered but to make sure that a successful student learns how to apply basic concepts and techniques to real problems.


If I am to teach again, I would be interested in developing a PhD program in Theoretical Genetics and Bioinformatics. Currently, no grad school teaches, to one student, more than 3 out of 6 basic skills which are necessary to study genomes.

Introduction to biology

There is no good single succession for presenting biological knowledge. Standard approach (from molecules to ecosystems) deprives biology of its unique spirit. Therefore, we covered the whole subject 3 times. The first, "Introductory " part (about 10 lectures), presents key ideas (diversity of life, Mendelian inheritance, metabolism, etc.) with emphasis on the concept of the levels of organization, which is central for this course. The aim of this part is to provide minimal information sufficient to understand the subsequent topics independently of each other. The second, "Vertical", part consists of 4 mini-courses (about 10 lectures each) covering 4 basic ideas which affect all the levels of organization: diversity (systematics), inheritance (genetics), regulation (physiology), and evolution. The connections between different levels (e. g., change of DNA -> new protein allele -> changed biochemistry, physiology, and morphology -> selection in a population -> the resulting changes in the ecosystem) are emphasized. The third, "Horizontal", part (40  lectures) is more traditional and covers data on different levels of organization, from the bottom to the top. Here the emphasis is on facts, and not on concepts.

Evolution

The course consist of 3 core parts: "Facts about Evolution", "Understanding Microevolution", and "Understanding Macroevolution", and of 3 supplementary parts: "Evolutionary Biology of Homo sapiens", "History of Evolutionary Biology", and "Implications of the Evolution of Life outside Natural Sciences". I am trying to present Evolutionary Biology as a coherent field with its own logic and structure, based on the concept of levels of organization, to emphasize the relations between facts and theory, to avoid overinterpriting microevolution, to expose our lack of understanding of macroevolution, and to provide comprehensive review of medical, social, and philosophical implications of evolutionary biology.

Theoretical population genetics

I start from introducing 9 elementary factors of the population dynamics (selection, mutation, drift, segregation, etc.). These factors are, first, treated independently (when only one factor acts in the simplest possible situation). Then more complex bifactorial (selection-linkage, mutation-drift, etc.) and trifactorial (selection-migration-drift, selection-mutation-inbreeding, etc.) models are considered. After this, the evolution of genetic systems (when not only the population structure, but the rules of the game themselves are changed) is covered. Finally, the backward problem (i.e. recovering the factors acting in the population from the data on its dynamics) is considered.

Theoretical Genetics and Bioinformatics (project)

A well-educated genomicist must know the following subjects, which can be loosely classified into formal, genetical, and biophysical.


1) Formal: computer science, with the emphasis on algorithms on strings and trees. Dynamical programming, sequence alignment, algorithms in phylogenetics.


2) Formal: statistics. Karlin-Altschul distribution, parameter estimates, etc.


3) Formal: practical programming. C programming and Perl parsing, using Internet resources.


4) Genetical: molecules. Organization of genomes, regulation of transcription, etc.


5) Genetical: populations. Standard curriculum, utilizing large-scale data on variability (SNPs).


6) Biophysical: physics of nucleic acids and proteins.


Currently, many places produce M. Sc. level bioinformaticians, suitable for data mining in pharmaceutical companies, but nobody offers education which properly prepares for independent research. I believe that doing so requires either an independent Department, or at least 8-10 faculties in a comprehensive Department of Biology. Organizing such a PhD program would be an interesting challenge.



