REFERENCES (I)

Bekker, A., Holland, H.D., Wang, P.L., Rumble, D., 3rd, Stein, H.J., Hannah, J.L., Coetzee,

L.L. and Beukes, N.J., 2004, “Dating the Rise of Atmgspheric Oxygen”, Nature, Vol. 427, No.
6970, pp. 117-120.

Bhaya, D., 2004, “Light Matters: Phototaxis and Signal Transduction in Unicellular
Cyanobacteria”, Molecular Microbiology, Vol. 53, No. 3, pp. 745-754.

Boussau, B., Karlberg, E.O., Frank, A.C., Legault, B.A. and Andersson, S.G., 2004,
“Computational Inference of Scenarios for Alpha-Proteobacterial Genome Evolution”,
Proceedings of the National Academy of Sciences of the United States of America, Vol.
101, No. 26, pp. 9722-9727.

Bryant, D.A. and Frigaard, N.U., 2006, “Prokaryotic Photosynthesis and Phototrophy
Illuminated”, Trends in Microbiology, Vol. 14, No. 11, pp. 488-496.

Buick, R., 2008, “When Did Oxygenic Photosynthesis Evolve?”, Philosophical Transactions

of the Royal Society of London. Series B: Biological Sciences, Vol. 363, No. 1504, pp. 2731-
2743.

Chen, F., Mackey, A.J., Stoeckert, C.J., Jr. and Roos, D.S., 2006, “Orthomcl-Db: Querying a
Comprehensive Multi-Species Collection of Ortholog Groups”, Nucleic Acids Research, Vol.
34, No. Database issue, pp. D363-D368.

Chen, F., Mackey, A.J., Vermunt, J.K. and Roos, D.S., 2007, “Assessing Performance of

Orthology Detection Strategies Applied to Eukaryotic Genomes”, PLoS One, Vol. 2, No. 4, p.
€383.

Chiu, J.C,, Lee, E.K., Egan, M.G., Sarkar, I.N., Coruzzi, G.M. and DeSalle, R., 2006,
“Orthologid: Automation of Genome-Scale Ortholog Identification within a Parsimony
Framework”, Bioinformatics, Vol. 22, No. 6, pp. 699-707.

Cohen, Y., Jorgensen, B.B., Revsbech, N.P. and Poplawski, R., 1986, “Adaptation to Hydrogen
Sulfide of Oxygenic and Anoxygenic Photosynthesis among Cyanobacteria”, Applied and
Environmental Microbiology, Vol. 51, No. 2, pp. 398-407.

Deluca, T.F., Wu, LLH., Pu, J., Monaghan, T., Peshkin, L., Singh, S. and Wall, D.P., 2006,
“Roundup: A Multi-Genome Repository of Orthologs and Evolutionary Distances”,
Bioinformatics, Vol. 22, No. 16, pp. 2044-2046.

Deusch, O., Landan, G., Roettger, M., Gruenheit, N., Kowallik, K.V., Allen, J.F., Martin, W.
and Dagan, T., 2008, “Genes of Cyanobacterial Origin in Plant Nuclear Genomes Point to a
Heterocyst-Forming Plastid Ancestor”, Molecular Biology and Evolution, Vol. 25, No. 4, pp.
748-761.

Dufresne, A., Ostrowski, M., Scanlan, D.J., Garczarek, L., Mazard, S., Palenik, B.P., Paulsen,
1.T., de Marsac, N.T., Wincker, P., Dossat, C., Ferriera, S., Johnson, J., Post, A.F., Hess, W.R.
and Partensky, F., 2008, “Unraveling the Genomic Mosaic of a Ubiquitous Genus of Marine
Cyanobacteria”, Genome Biology, Vol. 9, No. 5, p. R90.

Eisen, J.A., 1998, “Phylogenomics: Improving Functional Predictions for Uncharacterized
Genes by Evolutionary Analysis”, Genome Research, Vol. 8, No. 3, pp. 163-167.



59

Eisen, J.A. and Fraser, C.M., 2003, “Phylogenomics: Intersection of Evolution and Genomics™,
Science, Vol. 300, No. 5626, pp. 1706-1707.

Fleischmann, R.D., Adams, M.D., White, O., Clayton, R.A., Kirkness, E.F., Kerlavage, A.R.,
Bult, C.J., Tomb, J.F., Dougherty, B.A., Merrick, ,J.M. and et al., 1995, “Whole-Genome
Random Sequencing and Assembly of Haemophilus Influenzae Rd”, Science, Vol. 269, No.
5223, pp. 496-512.

Garrity, G.M., Brenner, D.J., Krieg, N.R. and Staley, J.R., 2005, Bergey's Manual of
Systematic Bacteriology, Volume Two: The Proteobacteria, Parts a - C, Springer - Verlag.

Guan, X., Qin, S., Zhao, F., Zhang, X. and Tang, X., 2007, “Phycobilisomes Linker Family in
Cyanobacterial Genomes: Divergence and Evolution”, International journal of biological
sciences, Vol. 3, No. 7, pp. 434-445.

Gupta, R.S. and Mathews, D.W., 2010, “Signature Proteins for the Major Clades of
Cyanobacteria”, BMC Evolutionary Biology, Vol. 10, No., p. 24.

Han, D., Fan, Y. and Hu, Z., 2009, “An Evaluation of Four Phylogenetic Markers in Nostoc:
Implications for Cyanobacterial Phylogenetic Studies at the Intrageneric Level”, Current
Microbiology, Vol. 58, No. 2, pp. 170-176.

Hardison, R.C., 2003, “Comparative Genomics”, PLoS biology, Vol. 1, No. 2, p. ES8.

Hess, W.R., 2004, “Genome Analysis of Marine Photosynthetic Microbes and Their Global
Role”, Current Opinion in Biotechnology, Vol. 15, No. 3, pp. 191-198.

Honda, D., Yokota, A. and Sugiyama, J., 1999, “Detection of Seven Major Evolutionary
Lineages in Cyanobacteria Based on the 16s Rrna Gene Sequence Analysis with New
Sequences of Five Marine Synechococcus Strains”, Journal of Molecular Evolution, Vol. 48,
No. 6, pp. 723-739.

Huson, D.H. and Bryant, D., 2006, “Application of Phylogenetic Networks in Evolutionary
Studies”, Molecular Biology and Evolution, Vol. 23, No. 2, pp. 254-267.

Huynen, M.A., Snel, B. and van Noort, V., 2004, “Comparative Genomics for Reliable Protein-
Function Prediction from Genomic Data”, Trends in Genetics, Vol. 20, No. 8, pp. 340-344.

Kettler, G.C., Martiny, A.C., Huang, K., Zucker, J., Coleman, M.L., Rodrigue, S., Chen, F..
Lapidus, A., Ferriera, S., Johnson, J., Steglich, C., Church, G.M., Richardson, P. and Chisholm,
S.W., 2007, “Patterns and Implications of Gene Gain and Loss in the Evolution of
Prochlorococcus”, PLoS genetics, Vol. 3, No. 12, p. e231.

Koonin, E.V., 2003, “Comparative Genomics, Minimal Gene-Sets and the Last Universal
Common Ancestor”, Nature Review Microbiology, Vol. 1, No. 2, pp. 127-136.

Koonin, E.V., Aravind, L. and Kondrashov, A.S., 2000, “The Impact of Comparative Genomics
on Our Understanding of Evolution”, Cell, Vol. 101, No. 6, pp. 573-576.

Kunin, V. and Ouzounis, C.A., 2003, “The Balance of Driving Forces During Genome
Evolution in Prokaryotes”, Genome Research, Vol. 13, No. 7, pp. 1589-1594.



60

Kuzniar, A., van Ham, R.C., Pongor, S. and Leunissen, J.A., 2008, “The Quest for Orthologs:
Finding the Corresponding Gene across Genomes”, Trends in Genetics, Vol. 24, No. 11, pp.
539-551.

Li, L., Stoeckert, C.J., Jr. and Roos, D.S., 2003, “Orghomcl: Identification of Ortholog Groups
for Eukaryotic Genomes”, Genome Research, Vol. 13, No. 9, pp. 2178-2189.

Lindell, D., Sullivan, M.B., Johnson, Z.I., Tolonen, A.C., Rohwer, F. and Chisholm, S.W,,
2004, “Transfer of Photosynthesis Genes to and from Prochlorococcus Viruses”, Proceedings
of the National Academy of Sciences of the United States of America, Vol. 101, No. 30, pp.
11013-11018.

Luo, H., Shi, J., Arndt, W., Tang, J. and Friedman, R., 2008, “Gene Order Phylogeny of the
Genus Prochlorococcus”, PLoS One, Vol. 3, No. 12, p. €3837.

Luque, 1., Riera-Alberola, M.L., Andujar, A. and Ochoa de Alda, J.A., 2008, “Intraphylum
Diversity and Complex Evolution of Cyanobacterial Aminoacyl-Trna Synthetases”, Molecular
Biology and Evolution, Vol. 25, No. 11, pp. 2369-2389.

Makarova, K., Slesarev, A., Wolf, Y., Sorokin, A., Mirkin, B., Koonin, E., Pavlov, A_, Pavlova,
N., Karamycheyv, V., Polouchine, N., Shakhova, V., Grigoriev, I., Lou, Y., Rohksar, D., Lucas,
S.. Huang, K., Goodstein, D.M., Hawkins, T., Plengvidhya, V., Welker, D., Hughes, J., Goh, Y.,
Benson, A., Baldwin, K., Lee, J.H., Diaz-Muniz, 1., Dosti, B., Smeianov, V., Wechter, W.,
Barabote, R., Lorca, G., Altermann, E., Barrangou, R., Ganesan, B., Xie, Y., Rawsthorne, H..
Tamir, D., Parker, C., Breidt, F., Broadbent, J., Hutkins, R., O'Sullivan, D., Steele, J., Unlu, G.,
Saier, M., Klaenhammer, T., Richardson, P., Kozyavkin, S., Weimer, B. and Mills, D., 2006,
“Comparative Genomics of the Lactic Acid Bacteria”, Proceedings of the National Academy
of Sciences of the United States of America, Vol. 103, No. 42, pp. 15611-15616.

Makarova, K.S. and Koonin, E.V., 2007, “Evolutionary Genomics of Lactic Acid Bacteria”,
Journal of Bacteriology, Vol. 189, No. 4, pp. 1199-1208.

Makarova, K.S., Sorokin, A.V., Novichkov, P.S., Wolf, Y.I. and Koonin, E.V_, 2007, “Clusters
of Orthologous Genes for 41 Archaeal Genomes and Implications for Evolutionary Genomics of
Archaea”, Biology Direct, Vol. 2, No., p. 33.

Marri, P.R., Hao, W. and Golding, G.B., 2006, “Gene Gain and Gene Loss in Streptococcus: Is
It Driven by Habitat?”, Molecular Biology and Evolution, Vol. 23. No. 12, pp. 2379-2391.

Martin, K.A., Siefert, J.L., Yerrapragada, S., Lu, Y., McNeill, T.Z., Moreno, P.A., Weinstock,
G.M., Widger, W.R. and Fox, G.E., 2003, “Cyanobacterial Signature Genes”, Photosynthetic
Research, Vol. 75, No. 3, pp. 211-221.

Millard, A.D., Zwirglmaier, K., Downey, M.J., Mann, N.H. and Scanlan, D.J., 2009,
“Comparative Genomics of Marine Cyanomyoviruses Reveals the Widespread Occurrence of
Synechococcus Host Genes Localized to a Hyperplastic Region: Implications for Mechanisms
of Cyanophage Evolution”, Environmental Microbiology, Vol. 11, No. 9, pp. 2370-2387.

Mirkin, B.G., Fenner, T.I., Galperin, M.Y. and Koonin, E.V., 2003, “Algorithms for Computing
Parsimonious Evolutionary Scenarios for Genome Evolution, the Last Universal Common
Ancestor and Dominance of Horizontal Gene Transfer in the Evolution of Prokaryotes™, BMC
Evolutionary Biology, Vol. 3, No., p. 2.



61

Mulkidjanian, A.Y., Koonin, E.V., Makarova, K.S., Mekhedov, S.L., Sorokin, A., Wolf, Y.I.,
Dufresne, A., Partensky, F., Burd, H., Kaznadzey, D., Haselkorn, R. and Galperin, M.Y., 2006,
“The Cyanobacterial Genome Core and the Origin of Photosynthesis”, Proceedings of the
National Academy of Sciences of the United States of America, Vol. 103, No. 35, pp. 13126-
13131. p

Omelchenko, M.V., Wolf, Y.I., Gaidamakova, E.K., Matrosova, V.Y., Vasilenko, A., Zhai, M.,
Daly, M.J., Koonin, E.V. and Makarova, K.S., 2005, “Comparative Genomics of Thermus
Thermophilus and Deinococcus Radiodurans: Divergent Routes of Adaptation to Thermophily
and Radiation Resistance”, BMC Evolutionary Biolology, Vol. 5, No., p. 57.

Ran, L., Larsson, J., Vigil-Stenman, T., Nylander, J.A., Ininbergs, K., Zheng, W.W., Lapidus,
A., Lowry, S., Haselkorn, R. and Bergman, B., 2010, “Genome Erosion in a Nitrogen-Fixing
Vertically Transmitted Endosymbiotic Multicellular Cyanobacterium”, PLoS One, Vol. 5, No.
7, p.el1486.

Remm, M.. Storm, C.E. and Sonnhammer, E.L., 2001, “Automatic Clustering of Orthologs and

in-Paralogs from Pairwise Species Comparisons”, Journal of Molecular Biology, Vol. 314,
No. 5, pp. 1041-1052.

Rogers, M.B., Patron, N.J. and Keeling, P.J., 2007, “Horizontal Transfer of a Eukaryotic
Plastid-Targeted Protein Gene to Cyanobacteria”, BMC Biology, Vol. 5, No., p. 26.

Sandaa, R.A., Clokie, M. and Mann, N.H., 2008, “Photosynthetic Genes in Viral Popuiations
with a Large Genomic Size Range from Norwegian Coastal Waters”, FEMS microbiology
ecology, Vol. 63, No. 1, pp. 2-11.

Sharon, 1., Alperovitch, A., Rohwer, F., Haynes, M., Glaser, F., Atamna-Ismaeel, N., Pinter,
R.Y.. Partensky, F., Koonin, E.V., Wolf, Y.I., Nelson, N. and Beja, O., 2009, “Photosystem |
Gene Cassettes Are Present in Marine Virus Genomes”, Nature, Vol. 461, No. 7261, pp. 258-
262.

Shi, T. and Falkowski, P.G., 2008, “Genome Evolution in Cyanobacteria: The Stable Core and
the Variable Shell”, Proceedings of the National Academy of Sciences of the United States
of America, Vol. 105, No. 7, pp. 2510-2515.

Stal, L.J.. 2009, “Is the Distribution of Nitrogen-Fixing Cyanobacteria in the Oceans Related to
Temperature?”, Environmental Microbiology, Vol. 11, No. 7, pp. 1632-1645.

Storm, C.E. and Sonnhammer, E.L., 2002, “Automated Ortholog Inference from Phylogenetic
Trees and Calculation of Orthology Reliability”, Bioinformatics, Vol. 18, No. 1, pp. 92-99.

Swingley, W.D., Blankenship, R.E. and Raymond, J., 2008, “Integrating Markov Clustering and
Molecular Phylogenetics to Reconstruct the Cyanobacterial Species Tree from Conserved
Protein Families”, Molecular Biology and Evolution, Vol. 25, No. 4, pp. 643-654.

Tamura, K., Dudley, J., Nei, M. and Kumar, S., 2007, “Mega4: Molecular Evolutionary
Genetics Analysis (Mega) Software Version 4.0”, Molecular Biology and Evolution, Vol. 24,
No. 8, pp. 1596-1599.

Tan. L.T.. 2007, “Bioactive Natural Products from Marine Cyanobacteria for Drug Discovery™,
Phytochemistry, Vol. 68, No. 7, pp. 954-979.



62

Tatusov, R.L., Fedorova, N.D., Jackson, J.D., Jacobs, A.R., Kiryutin, B., Koonin, E.V., Krylov,
D.M., Mazumder, R., Mekhedov, S.L., Nikolskaya, A.N., Rao, B.S., Smirnov, S., Sverdlov,
A.V., Vasudevan, S., Wolf, Y.I., Yin, J.J. and Natale, D.A., 2003, “The Cog Database: An
Updated Version Includes Eukaryotes”, BMC Bioinformatics, Vol. 4, No., p. 41.

Tatusov, R.L., Galperin, M.Y., Natale, D.A. and Koonin, E.V., 2000, “The Cog Database: A
Tool for Genome-Scale Analysis of Protein Functions and Evolution”, Nucleic Acids
Research, Vol. 28, No. 1, pp. 33-36.

Tatusov, R.L., Natale, D.A., Garkavtsev, [.V., Tatusova, T.A., Shankavaram, U.T., Rao, B.S.,
Kiryutin, B., Galperin, M.Y., Fedorova, N.D. and Koonin, E.V., 2001, “The Cog Database:
New Developments in Phylogenetic Classification of Proteins from Complete Genomes™,
Nucleic Acids Research, Vol. 29, No. 1, pp. 22-28.

Ting, C.S., Rocap, G., King, J. and Chisholm, S.W., 2002, “Cyanobacterial Photosynthesis in
the Oceans: The Origins and Significance of Divergent Light-Harvesting Strategies”, Trends in
Microbiology, Vol. 10, No. 3, pp. 134-142.

Tomitani, A., Knoll, A.H., Cavanaugh, C.M. and Ohno, T., 2006, “The Evolutionary
Diversification of Cyanobacteria: Molecular-Phylogenetic and Paleontological Perspectives”,
Proceedings of the National Academy of Sciences of the United States of America, Vol.
103, No. 14, pp. 5442-5447.

Wall, D.P., Fraser, H.B. and Hirsh, A.E., 2003, “Detecting Putative Orthologs”,
Bioinformatics, Vol. 19, No. 13, pp. 1710-1711.

Wang, Z., Zhu, X.G., Chen, Y., Li, Y., Hou, J. and Liu, L., 2006, “Exploring Photosynthesis
Evolution by Comparative Analysis of Metabolic Networks between Chloroplasts and
Photosynthetic Bacteria”, BMC Genomics, Vol. 7, No., p. 100.

Wolf, Y.I., Rogozin, 1.B., Grishin, N.V., Tatusov, R.L. and Koonin, E.V., 2001, “Genome Trees
Constructed Using Five Different Approaches Suggest New Major Bacterial Clades™, BMC
Evolutionary Biology, Vol. 1, No., p. 8.

Xiong, J., 2006, “Photosynthesis: What Color Was Its Origin?”, Genome Biology, Vol. 7, No.
12, p. 245.

Zauner, S., Lockhart, P., Stoebe-Maier, B., Gilson, P., McFadden, G.1. and Maier, U.G., 2006,
“Differential Gene Transfers and Gene Duplications in Primary and Secondary
Endosymbioses”, BMC Evolutionary Biolology, Vol. 6, No., p. 38.

Zehr, J.P., Waterbury, J.B., Turner, P.J., Montoya, J.P., Omoregie, E., Steward, G.F., Hansen,
A. and Karl, D.M., 2001, “Unicellular Cyanobacteria Fix N2 in the Subtropical North Pacific
Ocean™, Nature, Vol. 412, No. 6847, pp. 635-638.




APPENDIX A
Full photosynthesis-related genes in

ancestral cyanobacterial genomes



64

Table A.1 All photosynthesis-related genes in ancestral cyanobacterial genomes. The
description of cyanobacterial group according to figure 4.11 relate to their biological

property and environmental niche.
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Z|Z\<\Z|Z|zZ|z|zZ|Z|Z|Z|=<|Z|Z|Z|Z|=<|Z| < |Z|Z|=<|=<|=<| < |Z|Z|<|Z|Z2|<|Z2|Z2|2|Z2|Z

Phycobillisome proteins

Ortho02685

phycobilisome degradation family protein

Ortho00714

phycobilisome rod-core linker polypeptide cpcG
(L-RC 28.5)

Ortho01063

phycobilisome linker polypeptide

Ortho01127

phycobilisome linker polypeptide

Ortho01255

phycobilisome linker polypeptide

Ortho01332

allophycocyanin beta subunit ApcB

Ortho01353

phycobilisome LC linker polypeptide

Ortho01354

Phycobilisome protein

Ortho01389

Phycobilisome protein

Ortho01494

Phycobilisome protein

Ortho01950

phycobilisome linker protein

Ortho02183

Phycobilisome protein

Ortho02632

Phycobilisome protein

Ortho03770

phycobilisome rod-core linker polypeptide (L-
RC 28.5)

Ortho04021

Phycobilisome protein

Z| < |=|=|=<|=<|=<|<|=<|=<|<|<|=<| < |Z

z| z |<|zZ|=<|=<|=<|=<|=<|=<|=<|<|<| < |z

Z| z |z|z|=<|z|=<|=<|=<|=<|<|=<|<| < |z

z| Z |z|z|=<|z|<|=<|=<|=<|<|<|=<| < [=<

Z| Z | Z|Z|<|Z|< <<= <<= < |Z

Z| z |Z|z|=<|zZ|=<|=<|=<|=<|=<|<|<| < |z

zZ| z |=<|z|=<|=<|=<|=<|=<|=<|=<|=<|<]| < |Z

<| = |=<|=|Z|=<|=]|=|=<|=<|=<|=<|<]| < |z
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Ortho04283

phycobilisome linker polypeptide

Ortho05299

phycobilisome degradation protein

Ortho05905

phycobilisome degradation protein

Ortho06701

phycobilisome linker polypeptide

Ortho06852

-

Phycobilisome degradation protein nblA

Ortho07201

phycobilisome rod-core linker polypeptide (L-
RC 28.5)

Ortho08161

Phycobilisome protein

Ortho08162

Phycobilisome linker polypeptide

Ortho08634

phycobilisome linker polypeptide

Ortho09052

CpcD phycobilisome linker-like

Ortho10703

phycobilisome linker polypeptide, C-
phycoerythrin class I1-associated

Z |Z|z|Z|z| Zz (Z|Z|z|Z|=<

Z (z|Zz|Z|Z| 2 |Z21Z|Z(Zz|z

Z |z|z|Z|Z| 2z |Z|Z|Z|Z|Z

Zi Z 2 Z|Z) iZWZ|Z|Z|Z(Z

Z | z|2|4lal* Zz (Z|Z|Zz|Z|2

Z |Z|z|Z|z| z |z|Zz|z|z|Z

Z Z|z|Z|z| Z2 |z|Zz|Z|z|Z

Z |Z|\z|Z|z| z |Zz|Z|Z2|Z|<

Orthol1129

CpcD/allophycocyanin linker domain-containing
protein

Ortho11193

phycobilisome degradation protein NblA

Ortho12878

Phycobilisome protein

Ortho14339

CpcD phycobilisome linker-like

Ortho14340

phycobilisome protein

Orthol14341

phycobilisome protein

z|\Z|Z|z|Z| Zz

Z|\z|z|z|z| Z

Z|\z|Z|z|Z| z

Z|\z|z|z|Z| Z

zZ|\z|z|z|z| Z

zZ\z\z{z|Zz| Z

Z|Z|Z|Z|=<| Z

Z|Z|Z|z|Z| z

Chlorophyll-binding proteins

Ortho00051

high light inducible protein

Ortho00065

high light inducible protein

Ortho00699

high light inducible protein

Ortho01021

chlorophyll a/b binding light harvesting protein
PcbD

Ortho0O1511

high light inducible protein

Ortho01918

high light inducible protein hli8

Ortho01934

high light inducible protein hli9

Ortho02912

high light inducible protein hlil

Ortho03191

putative high light inducible protein

Ortho03202

high light inducible protein-like protein

Ortho03762

high light inducible protein-related protein

Ortho03990

high light inducible protein

Ortho03991

high light inducible protein

Ortho03992

high light inducible protein hli12

Ortho03999

high light inducible protein hli6

Ortho04112

high light inducible protein

Ortho04307

high light inducible protein

Ortho04309

high light inducible protein hli13

Ortho04626

high light inducible protein-related protein

Ortho05669

high light inducible protein

Ortho05676

high light inducible protein

Ortho07217

high light inducible protein-like

Ortho07233

high light inducible protein

Z|Z|Z|Z|<|Z|Z|Z2|Z|Z2|Z2|Z|=<|Z|=<|Z2|=<|Z|<| < |<|=<|=<

Ortho07325

chlorophyll a/b binding light harvesting protein
PcbE

Z| Z |Z|Z|Z|Zz|z|z|Z|Z|Z2|Zz|Z|Z|Z|Z|Zz|Z|<|Z|Z2| Z |=<|<|<

Z |Z| Z |Z2|Z|Z|Z|=<|Z2|Z|Z2|Z2|Z2|Z|Z|<|Z2|<|Z2|<|Z|<| < |<|~<|<

z 2| z |Z[Z2|Z|Z]Z2|z|2Z]z| z|z|=lE iz | zis = ), <« |l

z |Z| 2 |Z|Z|Z|z|zZz|Zz|Z|=<|Z2|Zz|Z|z|Zz|Zz|Z2|Z2|Z2|Z|Z| < |=<|Z|<

z |Z| Z |Z|Z|Z|Zz|z|Zz|Z|Z2|Z2|Z2|Z|z|z|Zz|Z2|Z|Z2|Z2|Z2| < |<|<|<

Z |Z| Z |Z|Z|Z|z|Z|Zz|Z|Z|Z2|z|Zz|Zz|Z|Zz|Z2|z|Z|Z2|Z| < |<|<|<

z 2| Z |Z|z|z|z|z|z|z|z|z|zlz|z|2|2|<|2|<|2|<] el

Ortho07334 | high light inducible protein hli7 N

Orho07335 chlorophyll a/b binding light harvesting protein N N
. PcbH

Orho07338 }c)l;lboéophyll a/b binding light harvesting protein N NININININININ

Ortho07339 ;l::lg)[r)ophy]l a/b-binding light-harvesting protein N NIinInInlInlInlN

Ortho08659 | high light inducible protein N NIN|N|N|N|N]JN

Ortho10430 | high light inducible protein N N|N|N|NJ|N|N|N
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Ortho10431 | high light inducible protein N N|N|N|N|N|N|N
Ortho10439 | high light inducible protein N N|IN|N|N|NJ|N|N
Ortho12141 | high light inducible protein N N|N|N|N|N|N|N
Orthol2164 ;};]g)gophyll a/b binding light harvesting protein N NININININININ
Ortho12251 | high light inducible protein N N|INJ|N|N|N|N|N
Chlorophyll biosynthesis enzyme
Ortho00645 | bacteriochlorophyll a synthase Y Ve MY [HYS LYW | Y | Y
Ortho00231 li ght-lpdependem protochlorophyllide reductase v viyly v
subunit N
Ortho00252 ;C)rt(])ltgporphyrm [X magnesium chelatase subunit Y vyivivivivliyly
Ortho00313 | protoporphyrin IX magnesium-chelatase Y VAR Y S =Y (LY Jeys BVl | Y
Ortho00437 | Mg-protoporphyrin IX methyl transferase Y YRTY | YRR &Y WAl Y
Ortho00590 llght-lpdependent protochlorophyllide reductase v vivivylylylyly
subunit B
Ortho00602 p.rot(.)chloropl?ylllde reductase iron-sulfur ATP- Y vivliylylylyly
binding protein
Ortho00632 | protochlorophyllide oxidoreductase Y DY | Y=Y | Y [ Y&l Y
Ortho01111 magnesium-protoporphyrin IX monomethyl v vivivivlivliyly
ester cyclase
Ortho01563 | Proto-chlorophyllide reductase 57 kD subunit Y DY, | Y& Y [OVF EYE | N
Ortho01914 magnesium-protoporphyrin IX monomethyl N NlylvyvInlyININ
ester cyclase
Ortho02178 putative light-dependent protochlorophyllide N NININININININ
oxido-reductase
Ortho02701 gagnesmm protoporphyrin IX chelatase, subunit N NLA | Pl N N N
Ortho04934 | protoporphyrinogen oxidase N Y| N|NJY|[NJ|NJIN
Ortho06187 3.8-divinyl protgchlorophylhde a 8-vinyl N NININININININ
reductase, putative
Ortho09255 | Protoporphyrinogen oxidase-like protein N N|IN|NJ|N|NJ|N|N
Ortho09806 | red chlorophyll catabolite reductase N N[N|N|NJ|NJ|N|N
Cytochrome b6f complex subunit
Ortho00369 | apocytochrome f b4 Y| Y| Y[ Y[ Y |Y]Y
Ortho00077 | ferredoxin, 2Fe-2S type, PetF1 i Yl Y | Y [ Y I Y [ Y] Y
Ortho00338 | cytochrome b6 &Y Ml Y | XY LY LY | Y Y
Ortho00339 | cytochrome b6-f complex subunit IV Y Y1 Y I Y Y| Y| Y|Y
Ortho00355 | cytochrome oxidase assembly Y LY | Y I Y LY | Y| XY
Ortho00755 | cytochrome b6-f complex iron-sulfur subunit Y. Yl Y | Y [ Y [ Y I Y |Y
Ortho00801 | cytochrome b559 subunit alpha Y il Yy | Y | Y[ XY | Y | ¥
Ortho00837 Euthve c-type cytochrome biogenesis protein v vylylvylylylvyly
c
Ortho00838 gulaltive C-type cytochrome biogenesis protein v vivlvylyly|vyly
cs
Ortho01054 | cytochrome b559 subunit beta Y Y | Y I Y Y Y| XYY
Ortho01151 | cytochrome P450 Y Y| Y| Y|Y|Y]|Y]|N
Ortho01690 | cytochrome P450 family protein Y N|Y | YI[Y|Y|NI]Y
Ortho01710 | cytochrome b6-f complex subunit PetG Y Y| Y|N|N|N|JY Y
Ortho02109 | cytochrome d ubiquinol oxidase subunit 1 Y YR, ¥ | YRRY | Y | Y| Y
Ortho02176 | cytochrome bé-f complex subunit PetN Y N|N|N|N|NJY|Y
Ortho02454 | cytochrome d ubiquinol oxidase, subunit 11 Y Y I Y ! YHEY | Y| Y | N
Ortho03298 | cytochrome bé/f complex subunit VIII N NI{Y|Y|N|NJ|NJN
Ortho04256 | cytochrome P450 family protein N N|N|N|N|NJN|N
| Ortho04371 | putative cytochrome b6-f complex subunit N N|IN|N|NJY|NIN
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Ortho04671

cytochrome b6-f complex subunit PetM

Ortho04681

cytochrome b559 subunit beta

Ortho05136

cytochrome b(C-terminal)/b6/petD

Ortho05488

cytochrome P450 family protein

Ortho05508

cytochrome bé-like protein

Ortho05606

cytochrome b6, putative

Ortho06350

cytochrome oxidase ¢ subunit VIb

Ortho06622

cytochrome P-450 like protein

Ortho06685

cytochrome P450

Ortho07089

cytochrome b subunit of nitric oxide reductase

Ortho07933

cytochrome b6-f complex subunit PetM

Ortho08606

cytochrome b6f complex subunit PetL

Ortho09115

cytochrome P450

Ortho09220

cytochrome B561

Ortho09723

cytochrome P450

Ortho10360

cytochrome P450 family protein

Ortho11053

cytochrome b6-f complex subunit PetM

Ortho11221

cytochrome b6-f complex subunit PetM

Orthol1861

cytochrome b6-f complex subunit PetL,

Ortho11998

cytochrome ubiquinol oxidase

Orthol3116

cytochrome P450

Ortho13640

cytochrome b6/f complex subunit 5

Ortho14251

cytochrome b6-f complex subunit PetL

Ortho14580

cytochrome bd ubiquinol oxidase, subunit 11

Z\|\Z|\Z|Z2\Z|Z|Z|Z|Z2|Z2|Z2|Z|Z2|Z|Z|Z2|Z|Z|Z|Z|Z2|Z|<|Z

Z\Z|\Zz|z|\Z|Z|Z|Z|Z|z|Z|Z|Z2|Z|Z2|Z2|Z|Z|Z|Z|Zz|Z|Z|Z

Z\Z|\Z|\Z|Z|z|Z|z|Z2|z|Z|z|Z|Z|Z|Z|Z|Zz|Z|z|Z|Z|Z|Z

Z\Z|\Z|Z2|Z|Z|Z|Z|Z|Z2|Z2|Z2|Z2|=<|Z|Z|Z|Z2|Z|<|Z|Zz|Z|Z

Z\Z|\Zz|z|Z|Z|Z|Z|Z|z|z|Z|z|z|Zz2|Z2|Z2|Z2|Z|Z|Z|Z2|Z|Z

Z|\Z|Z|Z|Z|Z|Z|z2|Z|Z2|Z|Z|Zz|Z|Z2|Z|Z|Z2|Z|Z|Z|Z|Z|Z

Z\Z|Z|z|Zz|Z|=<|Z|Z|Zz|Zz|z|z|z|Zz|Z|Z|Z2|Z2|Z|Z|Z|Z|Z2

Z\Z|Z|\Z\z|Z2|\Z|Z|\Z|Z2|Z|Z|Z2|Z|Z|Z|Z2|Z|Z|Z2|Z2|Z|Z|Z

Water-soluble electron carriers

Ortho01082

plastocyanin

Ortho00087

cytochrome c oxidase, subunit 1

Ortho00097

cytochrome c oxidase, subunit 11

Ortho00104

cytochrome c oxidase subunit 111

Ortho00115

cytochrome c6 Pet)

Ortho00579

cytochrome ¢ assembly protein

Ortho00845

cytochrome cM

Ortho01202

cytochrome c6 (soluble cytochrome f)
(cytochrome c553)

Ortho01228

cytochrome c, class |

Ortho01613

cytochrome c oxidase, subunit I1

Ortho01737

cytochrome c oxidase, subunit |

Ortho01738

cytochrome ¢ oxidase subunit 111

Ortho03565

cytochrome C biogenesis protein transmembrane
region protein

Ortho04210

cytochrome c-550

Ortho05747

Cytochrome ¢ biogenesis protein,
transmembrane region

Z |Z| =< |=|=|=|=| < [<|<|=<|=<|=<|<|<

Z (< Z |Z|Z|Z|<]| Z |[<|=<[=<]|=<]|=<|=<]|=<

z |=<| z |z|z|z|=<| < |=<|=<|<|<|=<|=<|<

z (2| z |z|z|z|<| < |<|<|<|<|<|<|<

z |=<| z |zZ|Z|z|<| < |<|<|<|=<|<|<|<

z |z| z |zZ|z|zZ|<| < |<|<|<|<|<|<|<

z |z| z |z|z|z|<| < |<|<|<|<|<|<|<

z 2| =< |=<|=<|=<|=<| < |=<|=<|=<|=<|<]|<]|=<

Ortho09226

cytochrome c biogenesis protein transmembrane
region

Orthol0411

cytochrome ¢551 peroxidase

Orthol1261

cb-type cytochrome ¢ oxidase subunit |

Ortho14307

cytochrome c oxidase subunit 111

Z| Z | Z{|ez

Z\Z|Z|Z

Zz\Zz|Z| Zz

zZ\Zz|z| z

Z\Z|Z| Z

zZ\z|z| z

ZzZ|<|Z| Z

zZiz|z| Z

Calvin cycle enzymes

Ortho01860

phosphoribulokinase

Ortho01800

RbcX chaperonin protein

Ortho01814

rubisco operon transcriptional regulator RbcR

Ortho01921

phosphoribulokinase

Ortho04116

phosphoribulokinase

Z|=<|=<|=<]|=<

Z|Z|<|=<|=<

Z|Z << |8

<|z|=<|=<|=

<|z|=<|=<|=<

Z|Z|<|=<|=<

z|z|<|=<|=<

Z|<(Zz|Z2|Z
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Regulatory and uncharacterized chloroplast
proteins

Ortho01486

GUN4 domain protein

Ortho00800

Y cf48-like protein

Ortho02994

GUNA4-like family protein

Ortho03137

GUN4 domain protein

Ortho03712

GUN4-like family protein

Ortho04494

YcfA family protein

Ortho04710

GUN4 domain protein

Ortho04892

YcfA family protein

Ortho05181

YcfA family protein

Ortho07063

GUN4-like family protein

Ortho07455

GUN4 domain protein

Ortho07466

YctA family protein

Ortho08100

YcfA family protein

Ortho08226

GUN4 domain protein

Ortho09106

YcfA family protein

Ortho09415

YcfA family protein

Ortho10032

YcfA-like protein

Ortho10206

GUN4 domain protein

Ortho13256

GUN4 domain protein

Ortho13560

GUN4 domain protein

Ortho13730

GUN4 domain protein

z|\z|\z|z|Z|Z|Z|Z|z|Z|z|z|Z|Zz|Zz|Zz|Zz|Z|Z|<|Z

z\z|Z|z|Z|z|Z|Zz|z|z|z|z|z|Z|Zz|Z|Zz|Z|Z|<|Z

z\z\z|z|Zz|Z|\Z|Zz|z|Zz|Zz|Z|z|z|z|Zz|Zz|Z|Z|<|Z

z\z|z|Zz|Z|\Z|z|Zz|Zz|z|z|Zz|z|Zz|Z|Z|Z|<|Z|=<|<

z\z|\Zz|z|Z|z|Z|=<|Zz|z|Zz|z|Zz|z|Zz|Z|Zz|Z2|Z|<|<

z\Z\z|Zz|z|z|z|z|Z|z|Zz|z|z|Z|Z|Z|Z|Zz|Z|<|Z

Z\zZz|\z|z|Zz|Zz|Zz|z|z|z|Zz|Zz|z|Zz|z|Zz|Z|Z2|Z2|<|Z

Z\Z|\Z|z|z|Zz|Z|Z2|Z|Z2|Z2|Z|Zz|Zz|Z|Z2|Z2|Z|Z|<|Z

Phycobilisome proteins

Ortho02685

phycobilisome degradation family protein

Ortho00714

phycobilisome rod-core linker polypeptide cpcG
(L-RC 28.5)

<|Z

~<|Z

<|Z

~<|=

~<|z

<\|Z

<|Z

<z

Ortho01063

phycobilisome linker polypeptide

Ortho01127

phycobilisome linker polypeptide

Ortho01255

phycobilisome linker polypeptide

Ortho01332

allophycocyanin beta subunit ApcB

Ortho01353

phycobilisome LC linker polypeptide

Ortho01354

Phycobilisome protein

Ortho01389

Phycobilisome protein

Ortho01494

Phycobilisome protein

Ortho01950

phycobilisome linker protein

Ortho02183

Phycobilisome protein

Ortho02632

Phycobilisome protein

Ortho03770

phycobilisome rod-core linker polypeptide (L-
RC 28.5)

<< <<= =< << <] =< | =< | =

z|z|z|<|Z|<|<|<|<|=<|<|<

z|z|z|=<|z|<|=<|<|<|<|<|<
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z|z|zZ|=<|z|<|<|<|<|<|<|<

Z|<|zZ|=<|<|=<|=<|=<|<|<|<|<

<|=<|=|Z]|<|<|=<|=<|<|<|=<|<

Ortho04021

Phycobilisome protein

Ortho04283

phycobilisome linker polypeptide

Ortho05299

phycobilisome degradation protein

Ortho05905

phycobilisome degradation protein

Ortho06701

phycobilisome linker polypeptide

Ortho06852

Phycobilisome degradation protein nblA

Ortho07201

phycobilisome rod-core linker polypeptide (L-
RC 28.5)

Z|Z|z|Z|Z|<|Z

z|Z|Z|Z|Z[Z =] Z|=lE | <|<| bt ]| 2

Zz|\Z|Zz|Z|Z|Z|Z

z\|\z|Z|Z|Zz|Z|Z

z|\Z|\z|z|Z|z|Z

z|\z|Z|z|z|Z|Z

z\Zz\Z|z|z|Z|Z

Z|Z|Z|Z|Z|<|<

Ortho08161

Phycobilisome protein

Ortho08162

Phycobilisome linker polypeptide

Ortho08634

phycobilisome linker polypeptide

Ortho09052

CpeD phycobilisome linker-like

Ortho10703

phycobilisome linker polypeptide. C-
phycoerythrin class II-associated

zZ\|\Z\|\Z|Z|Z

zZ\z|Z|Zz|Z

Z|Z|Z&|[&| Z

Zz|ziZ|Z|Z

Z\|\Z|Z|Z|Z

Z\|Z | &=z Z

Z\Z\|\Z|Z|Z

z\z|Z|z|Z

Orthol 1129

CpcD/allophycocyanin linker domain-containing
protein

zZ

Z.

z

z

Z

Z

Z

z
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Orthol 1193

phycobilisome degradation protein NblA

Ortho12878

Phycobilisome protein

Ortho14339

CpcD phycobilisome linker-like

Ortho14340

phycobilisome protein

Ortho14341

phycobilisome protein

Ortho00176

phycocyanobilin:ferredoxin oxidoreductase

Ortho09257

phycocyanin, beta subunit

Ortho03074

phycoerythrin-associated linker protein, CpeR

Ortho09256

phycocyanin, alpha subunit

Ortho01388

allophycocyanin, beta subunit

Ortho00894

phycocyanin alpha subunit

Ortho00893

phycocyanin beta subunit

Ortho04320

phycoerythrin class 11l gamma chain

Ortho04284

C-phycoerythrin class I alpha chain

Ortho01446

phycocyanin alpha phycocyanobilin lyase; CpcF

Ortho02506

allophycocyanin alpha subunit ApcA

Ortho04643

phycoerythrin class II gamma chain, linker
polypeptide

<|Z|=<|Z|Z|<|=<|=<|Z|Z|Z|<|Z2|Z2|Z|Z|Z

Z|Z|<|Z|Z|=<|=<|=<|Z|Z|Z|<|Z2|Z|Z2|Z2|Z

Z|<|=<|Z|Z[<|<|<|Zz|Z|Z|=<|Z2|Z|Z2|Z|Z

Z|Z|<|Z|Z|<[<|=<|Z|Z|Z|=<|Z2|Z2|Z2|Z2|Z

Z|Z|=|Z|Z|< (<< Z|Z|Z|<|Z|Z2|Z2|Z2|Z2

ZI<[<|Z|Z|<|<|=<|Z|Z|Z|=<|Z|Z|Z2|Z|Z

Z|Z|<|Z|Z|<|=<|=<|Z|Z|Z|=<|Z|Z|Z2|Z|<

<|zZ|=<|=<|=<|=<|=<|=<|z|Z|Z|=<|Z|Z|Z2|Z2|Z

Ortho01580

phycoerythrin linker protein CpeS-like protein

Y

N

N

N

N

N

N

~<

The presence or absence of gene coding for proteins of each type in the cyanobacterial ancestral state; Y.
gene presence; N, gene absence.




APPENDIX B
Implemented Python code for

evolutionary scenario algorithm



B.1) Python module for parsimonious evolutionary scenarios

B.1.1) Scenario set class

#:::================================================:==========#
# Scenario_set class was used to define the gain and lost #
# event for each node #
#:::===================‘.========================================#

class scenario_set:
def “nitiwiself,GESEnS 00, 1LN)"

self.Gi = Gi
self.Gn = Gn
self.Li = Li
self.Ln = Ln

B.1.2) Parsimonious evolutionary scenario class

from Bio.Nexus.Trees import Tree
import scenario_set

#==============================================================#
# Define the parsimonious evolutionary scenario class 4
# from Mirkin BG, et al (2003) #
#::::==========================================================#
class par:

def __init_ (self,tree_str,node_has_gene):
self.tree_str = tree_str
self.node_has_gene = node_has_gene
self.tree_obj = Tree(tree_str)
self.penalty = 1
self.node_num = []
for org in node_has_gene:
node = self.tree_obj.search_taxon(org)
self.node_num.append(node)

def __assign_scenarios(self,parent_node):
child node = self.tree_obj.node(parent_node).get_succ()
if (len(child_node) == 2):
if (self.scenario.has_key(child_node[0])):
if (self.scenario.has_key(child_node[1])):
pass
else:
self. _assign_scenarios(child_node[1])
else:
if (self.scenario.has_key(child_node[1])):
self. _assign_scenarios(child_node[0])
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else:
self.__assign_scenarios(child_node[@])
self. assign_scenarios(child _node[1])

if (child_node == []): .
if set([parent_node]).issubset(self.node_num):
self.scenario[parent _node] =
scenario_set.scenario_set([]1,[1,[]1,[])
self.scenario[parent_node].Gn
else:
self.scenario[parent_node] =
scenario_set.scenario_set([],[]1,[]1,[])
self.scenario[parent_node].Li

[parent_node]

[parent_node]

else:
if ((self.scenario.has_key(child node[©0])) &
(self.scenario.has_key(child_node[1]))):

#===========================================================:==#
# Start parsimonious evolutionary algorithm #
#==============================================================#

self.scenario[parent_node] =
scenario_set.scenario_set([],[1,[1,[1)

#::============================================================#
# Inheritance Assumption #
#:========================================:::::::::::::::::::::#

e_lost = len(self.scenario[child _node[@]].Gn) +
len(self.scenario[child_node[@©]].Ln) +
len(self.scenario[child _node[1]].Gn) +
len(self.scenario[child_node[1]].Ln) + 1
e_not_lost = len(self.scenario[child _node[©]].Gi) +
len(self.scenario[child_node[©]].Li) +
len(self.scenario[child_node[1]].Gi) +
len(self.scenario[child_node[1]].L1)
if (e_lost < e_not_lost):
self.scenario[parent_node].Gi =
list(set(self.scenario[child _node[©]].Gn).union(set(self.scenari
o[child_node[1]].Gn)))
self.scenario[parent_node].Li
if (e_not_lost <= e_lost):
self.scenario[parent_node].Gi =
list(set(self.scenario[child node[©]].Gi).union(set(self.scenari
o[child_node[1]].Gi)))
self.scenario[parent_node].Li =
list(set(self.scenario[child node[@]].Li).union(set(self.scenari
o[child node[1]].Li)))

[parent_node]
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#:=============================================================#
# Non Inheritance Assumption #
#==============================================================#

e_gain = len(self.scenario[child node[©]].Gi) +
len(self.scenario[child_node[@]].Li) +
len(self.scenario[child_node[1]].Gi) +
len(self.scenario[child_node[1]].Li) + self.penalty

e_not_gain = len(self.scenario[child node[©]].Gn) +
len(self.scenario[child_node[@]].Ln) +
len(self.scenario[child_node[1]].Gn) +
len(self.scenario[child_node[1]].Ln)

if (e_gain < e_not_gain):

self.scenario[parent_node].Gn

self.scenario[parent_node].Ln =
list(set(self.scenario[child_node[@]].Li).union(set(self.scenari
o[child_node[1]].Li)))

if (e_not_gain <= e_gain):

self.scenario[parent_node].Gn =
list(set(self.scenario[child_node[0]].Gn).union(set(self.scenari
o[child_node[1]].Gn)))

self.scenario[parent_node].Ln =
list(set(self.scenario[child_node[@]].Ln).union(set(self.scenari
o[child_node[1]].Ln)))

[parent_node]

def scenarios(self):
root_node = self.tree_obj.root
self.scenario = {}
self.__assign_scenarios(root_node)

def display_all(self):
print '#\tGi\tLi\tGn\tLn'
for node in self.tree_obj.all ids():
print str(node) + '\t' + str(self.scenario[node].Gi) +
"\t' + str(self.scenario[node].Li) + '"\t' +
str(self.scenario[node].Gn) + '\t' + str(self.scenario[node].Ln)

def display(self,node):
print '#\tGi\tLi\tGn\tLn'
print str(node) + '\t' + str(self.scenario[node].Gi) +
"\t' + str(self.scenario[node].Li) + "\t' +
str(self.scenario[node].Gn) + '\t' + str(self.scenario[node].Ln)

def get_gain_node(self):
node_ls =
list(set(self.scenario[self.tree_obj.root].Gn).union(set(self.sc
enario[self.tree_obj.root].Gi)))
return node_ls
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def get_lost_node(self):
node 1ls =
list(set(self.scenario[self.tree_obj.root].Ln).union(set(self.sc
enario[self.tree_obj.root].Li)))
return node_ls Y

B.2) Python code for running parsimonious evolutionary scenarios

#!/usr/bin/python

import os
from Bio.Nexus.Trees import Tree

#:=============================================================#
# The script for run the parsimonious evolutionary scenario #
# algorithm #
#======================================================:=======#

curr_dir = os.getcwd()

tree_str = open(curr_dir +
'/ribosomal_protein_tree root.nwk').read()
tree = Tree(tree_str)

org 1s = [x.strip() for x in open(r''+curr_dir +
‘/org_name', 'r')]

ortho_pattern = open(r'' + curr_dir +
' /output/orthodb/COG_patt.db','r")
ortho_patt = {}

for ortho in ortho_pattern:
pattern = ortho.split('\t')[1]
org_patt_1s = []

index = ©
for i in str(pattern):
if (i == "1")"

org_patt_ls.append(org_ls[index])
index = index +1
ortho_patt[ortho.split('\t')[@]] = org_patt_ls

for k,v in ortho_patt.items():
if (set(v).issubset(tree.get_taxa())):
pass
else:
print k + ' have the node that not contain in the tree’

import par

gain_set = {}

lost_set = {}

for i in tree.all_ids():



gain_set[i]
lost_set[1i]

1]
—_—

count = 0
for k,v in sorted(ortho_patt.items¢)):
par_scen = par.par(tree_str,v)
par_scen.scenarios()
gain_ls = par_scen.get_gain_node()
lost_1ls = par_scen.get_lost_node()
for 1 in gain_ls:
gain_set[i].append(k)
for "INinf lost 1s:
lost_set[i].append(k)
count = count + 1
if (count%1000 == 0):
print '===>> ' + k +

&l===

file_out = open(r'' + curr_dir +

'/output/gain_lost_node.out', 'w')

file_out.write('#gain_list\n')

for k,v in sorted(gain_set.items()):
file_out.write(str(k) + ':' + ','.join(v) + '\n")

file_out.write('#lost_list\n')

for k,v in sorted(lost_set.items()):
file_out.write(str(k) + ":' + ','.join(v) + '\n")

file_out.close()
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CHAPTER 1 INTRODUCTION (II)

1.1 Background and rationale

Single Nucleotide Polymorphisms (SiNPs) aie single nucleotide variation in the DNA
sequences. The genetic variations of SNPs relate to diseases or health-related traits.
Nearby 12 million unique human SNPs have been assigned a reference SNPs number in
the National Center of Biotechnology Information’s dbSNPs database and characterized
to specific alleles (Pearson and Manolio, 2008). Genome-Wide Association Study
(GWAS) is an examination of genetic variant or SNPs across the human genome to
determine the genetic association with the observable traits.

The primary usage of GWAS for the foresecable future is likely to be investigation of
the biological pathways of disease causation and the normal health and development.
An area of substantial future interest for the pharmaceutical industry will be
pharmacogenetics GWAS to identify markers for patient stratification in clinical trials.
Comprehensive pharmacogenetic information will, in turn, facilitate the practice of
personalized medicine. Pharmacogenetic GWAS and early adoption of personalized
therapy are likely to be used in the selection of expensive or chronic medications in life
threatening conditions or where the therapeutic index is narrow or adverse event
concerns are high, such as cancer chemotherapy (Kingsmore, ef al., 2008).

Nowadays, there are a lot of SNPs and GWAS data are stored in the various public
online databases. For example, the SNPs databases (http://www.ncbi.nlm.nih.gov/
projects/SNP/) store the whole references human SNPs, GWAS catalogs
(http://www.genome.gov/gwastudies/) store the data of GWAS and the traits-SNPs
association that reported from the publication, and international HapMap project
(http://www.hapmap.org/) store and view the SNPs location on the human genome.
However, the GWAS data are stiil difficult to retrieve and missing a lot of details. To
address this issue, the content pack idea is proposed to accumulate, restore and
standardized the SNPs and GWAS data.

The SNPs and GWAS data are rapidly generated, but it not stored in the same place and
used the same standard. Also, it is difficult to access or accumulate all information from
the online databases and publication. Here, the content pack of SNPs and GWAS data
will be constructed for reorganizing and visualizing these data into the same platforms.

1.2 Objectives
1) To create the platform for restoring the SNPs and GWAS data
2) To reconstruct the SNPs and GWAS content pack

1.3 Scope of work
In order to archive the obiective, the scope of work would be accomplished according to
these following steps:

1) The platform of the SNPs and GWAS content pack has created by reading the
literature in this field. Alse. the core content pack was created by
summarization oi the shared property across studies.

2) The primary SNPs and GWAS content pack was done by annotating some
study in a spreadsheet.



]

1.4 Expected outputs

1) The new ideas and methods for using the research literature to create the
SNPs and GWAS content pack

2) The primary platform for creating the SNPs and GWAS content pack

3) The primary database of SNPs and“GWAS content pack




CHAPTER 2 LITERATURE REVIEWS (1I)

2.1 Human genetic variants

Human genetics variants are typically referred to as either common or rare, to denote
the frequency of the minor allele in the human population. Common variants are
synonymous with polymorphisms, defined as genetics variants with minor allele
frequency (MAF) of at least one percent in the population, whereas rare variants have
MAF of less than 1%. Genetics variants are alse discussed in terms of their nucleotide
composition. The variation in the human genome can be divided into two difference
nucleotide classes: single nucleotide variants and structural variants, as shown in the
figure 2.1 and 2.2 (Frazer, ¢/ al.. 2009).

2.1.1 Single nucieotide variants

SNPs are the most prevalent class of genetic variation among individuals. On the basis
of survey sequencing results it has been estimated that the human genome contains at
least 11 million SNPs, with ~7 million of these occurring with a MAF of over 5% and
the remaining having MAFs between 1 and 5%. Analysis of the four fully sequenced
individual genomes suggests that thesc original estimates are fairly accurate and that
most SNPs have been identified and information about them deposit in the Single
Nucleotide Polymorphisms databases (dbSNPs). The alleles of SNPs located in the
same genomics interval are often correlated with the one another. This correlation
structure, or linkage disequilibrium (LI3), varies in a complex and unpredictable manner
across the genome and between difference populations.

2.1.2 Structural variants

Structural variation. broadly defined. refers ic all base pairs that differ between
individuals and that are not single nuclectide variants. Such variation includes insertion-
deletions (in-dels), the block substitutions. inversion of DNA sequences and copy
number differences, as illustrated in the figure 2.1. Compared with single nucleotide
variants, the technological ability to detect structural variants in the human genome has
only recently emerged (Eichier, ¢ a/.. 2007). Hence our understanding the locations and
frequencies of structural variants, and our ability to assay their association with the
complex traits, is still maturing. Analysis ot the four fully sequenced human genomes
combined with the targeted sequencing oi structural variants greater than 8kb in length
in eight human genomes has provided tremendous insight. These studies suggest that
structural variation accounts for at least 20% of ali genetics variants in humans and
underlies greater than 70°% of the variant bases. Altogether, for any given individual,
structural variants constiiute between 9 and 25 Mb of genome (~0.5 to 1%),
underscoring the important roles of this class of variation in genome evolution and in
human health and disease.
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Figure 2.1 Classes of human genetics variants. Single nucleotide variant are DNA
sequence variations in which a single nucleotide (A, C, T and G) is alters. Insertion-
deletion variants (in-dels) occur when one or more base pairs are present in some
genome and absent in others. Block substitutions describe cases in which a string of
adjacent nucieotides varies between two genomes. An inversion variant is one in which
the order of the base pairs is reversed in a defined section of a chromosome. Copy
number variants occur when identical or nearly identical sequences are repeated in some
chromosomes but not others. (Frazer, et al., 2009).

Low-frequency Indel
variant polymorphism
Recombination
Common SNP. hot:pot

Repeat
polymorphism

ATTCATTC
ATTCATTC
ATTCATTC

ATTCATT
3 ;

T
T
T

-
AN A - PP DIPEIPPPP D
0O000

o000
o000 0

OP»>>>p

ATTCATTC
ATTCATTC
A
ATTC
_ATTC
ATTC
ATTCATTC
ATTCATTC
ATTCATTC

DOOOO0000OD
000044 +400
0000NEOOONO

DOVOOOPPPPIPPANNN0N0 0
PRI ON000NO0O0D0O00
000000 PEE>>>00000000

Strong correlation

No correlation

Figure 2.2 An example common and rare genetic variation in 10 individuals, such
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hotspot, and repeat polymorphism. (Altshuler, er al., 2008)



2.1.3 Contribution of variation to phenotypes

In human, hundreds of complex phenotypic traits determine how we behave, and our
propensity to develop certain diseases. Each complex phenotype is governed by a
combination of inherited factors, which are largely believed to be genetics variants, and
environmental influences. Full sequencing of human genomes has shown that in any
given individual there are, on average, ~4 million genetics variants encompassing ~12
Mb of sequence. The challenge is to determine which of these variants underlies of its
responsible for the inherited components of phenotypes. Over the last decade or so the
human genetics field has debate the common disease—common variants hypothesis,
which posits that common complex traits are largely due to common variants with small
to modest effect. The opposite theory, the rare variants hypothesis, posits that common
complex traits are the summation of low-frequency, high-penetration variants (Bodmer
and Bonilla, 2008). Overall the field it is making earnest attempts to determine the
relative importance of common and rare variants in common complex phenotypic traits.

2.2 Genome wide association studies (GWAS)

2.2.1 Linking common genetics variants to common complex traits
Concurrent with the efforts of the scientific community to dissect the human genome
into linkage disequilibrium (LD) block were extraordinary technological advances in
assaying SNPs. From 1997 to 2007, technological advances moved the field from one
SNP at a time to assessment of a million SNPs per individual. These two fronts of
progress-one on the empirical determination of the LD structure of SNPs across the
genome and the other a new-found capacity to perform ultra-high-throughput
genotyping- set the foundation for a veritable avalanche of discoveries of common traits
and diseases through GWAS. The stage of genome wide association study is illustrated
in the figure 2.3.

There are several excelience reviews of GWAS designs and analysis that discuss
selection of cases and controls, and statistical analysis — including dealing with
population stratification and replication (Pearson and Manolio, 2008). The typical
GWAS has 4 parts: (1) selection of a large number of individuals with the disease or
trait of interest and a suitable comparison group; (2) DNA isolation, genotyping, and
data review to ensure high genotyping quality; (3) statistical tests for associations
between SNPs passing quality thresholds and the disease/trait; and (4) replication of
identified associations in an independent population sample or examination of
functional implications experimentally.

Most of the roughly 100 GWAS studies published by the end of 2007 were designed to
identify SNPs associated with common diseases. However, the technique can also be
used to identify genetic variants related to quantitative traits such as height or
electrocardiographic quantitative traits interval, and to rank the relative importance of
previously identified susceptibility genes.
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2.2.2 Study designs used in GWAS

By far the most frequently used GWAS design to date has been the case-control design,
in which allele frequencies in patients with the disease of interest are compared to those
in a disease-free comparison group. These studies are often easier and less expensive to
conduct than studies using other designs, especially if sufficient numbers of case and
control participants can be assembled rapidly. This design also carries the most
assumptions, which if not met, can lead to substantial biases and spurious associations,
as describe in Table 2.1. The most important of these biases involve the selected, often
unrepresentative nature of the study case participants, who are typically sampled from
clinical sources and thus may not include fatal, mild, or silent cases not coming to
clinical attention; and the lack of comparability of case and control participants, who
may differ in important ways that could be related both to genetic risk factors and to
disease outcomes (Manolio, et al., 2006).

If well-established principles of epidemiologic design are followed, case-control studies
can produce valid results that, especially for rare diseases, may not be obtainable in any
other way. However, genetic association studies using case-control methodologies have
often not always adhered to these principles. The often sharply abbreviated descriptions
of case and control participants and lack of comparison of key characteristics in genome
wide association reports can make evaluation of potential biases and replication of
findings quite difficult.

The trio design includes the affected case participant and both of his or her parents.
Phenotypic assessment (classification of affected status) is performed only in the
offspring and only affected offspring are included, but genotyping is performed in all 3
trio members. The frequency with which an allele is transmitted to an affected offspring
from heterozygous parents is then estimated. Under the null hypothesis of no
association with disease, the transmission frequency for each allele of a given SNP will
be 50%, but alleles associated with the disease will be transmitted in excess to the
affected case individual. Because the trios design studies allele transmission from
parents to offspring, it is not susceptible to population stratification, or genetic
differences between case and control participants unrelated to disease but due to
sampling them from populations of different ancestry. A significant challenge of the trio
design in GWAS is its sensitivity to even small degrees of genotyping error, which can
distort transmission proportions between parents and offspring, especially for
uncommon alleles. Therefore, standards for genotyping quality in trio studies may need
to be more stringent than for other designs.

Cohort studies involve collecting extensive baseline information in a large number of
individuals who are then observed to assess the incidence of disease in subgroups
defined by genetic variants. Although cohort studies are typically more expensive and
take longer to conduct than case-control studies, they often include study participants
who are more representative than clinical series of the population from which they are
drawn, and they typically include a vast array of health-related characteristics and
exposures for which genetic associations can be sought. For these reasons, genome-
wide genotyping has recently been added to cohort studies such as the Framingham
Heart Study (Cupples, et al., 2007) and the Women’s Health Study (Ridker, et al..
2008).



Table 2.1 Study designs used in GWAS (Pearson and Manolio, 2008).

Case-Control

Cohort

Trio

Assumptions e (Case and control Participants under study are Disease-related alleles
participants are drawn from more representative of the are transmitted in excess
the same population population trom which they of 50% to aftected

e Case participants are are drawn offspring from
representative of all cases Diseases and traits are heterozygous parents
of the disease, or ascertained similarly in
limitations on diagnostic individuals with and
speciticity and without gene variant
representativeness are
clearly specified

e Genomic are epidemiology
data are collected similarly
in cases and controls

¢ Differences in allele
frequencies relate to the
outcome of interest rather
than differences in
background population
between cases and controls

Advantages e Short time frame Cases are incident Control of population

e Large number of case and (developing during structure; immume to
control participants can be observation) and free of population stratitication
assembled survival bias Allows checks for

e Optimal epidemiologic Direct measure of risk Mendellian inheritance
design for studying rare Fewer biases than case- patterns in genotyping
disease control studies quality control

Continuum of health- Logistically simpler for
related measures available studies of children’s

in population samples not condition

selected for presence of Does not require
disease phenotyping of parent

Disadvantages e Prone to a number of Large sample size needed May be difficult to

biases including population
stratification

Cases usually prevalent
cases, may exclude fatal or
short episodes, or mild or
silent cases

Overestimate relative risk
tor common diseases

for genotyping if incidence
is low

Expensive and lengthy
follow-up

Existing consent may be
insufficient for GWA
genotyping or data sharing
Requires variation in trait
being studied

Poorly suited for studying
rare diseases

assemble both parents
and offspring, especially
in disorders with older
ages of onset

Highly sensitive to
genotyping error




GWAS published to date have used various commercials genotyping platforms
containing approximately 300,000 to 500,000 common SNPs to detect differences in
allele frequencies between cases and controls. Such studies are hypothesis-free, as there
is no bias or presumptive list of candidate genes that are being tested. However, the
term “genome-wide’ is a misnomer, because approximately 20% of common SNPs are
only partially tagged or not tagged at all, and rare variations are generally not tagged.
For over 80 phenotypes—including diseases and biological measurements—GWAS
have provided remarkably compelling statistical associations for a total of over 300
difference loci in the human genome. The results have been reported on almost weekly
basis from April 2007, with over 220 studies reported to date. Almost all disease
categories have been addressed, including cardiovascular, neurodegenerative,
neuropsychiatric, metabolic, autoimmune and musculoskeletal diseases, and several
types of cancer.

2.2.3 Enhanced understanding of human diseases

The most impressive outcome of this knowledge base, which connects genomic
intervals with complex traits, is a new understanding of the molecular underpinnings
and pathways of many diseases. Notably, most of the genes or genomic loci that have
been identified through GWAS have not previous been known to be related to the
complex trait under investigation. For a substantial number of common diseases the
newly identified pathways suggest that molecular sub-phenotypes may exists; that is,
although a number of difference pathways might potentially be involved in the
development of a particular diseases when all cases are considered, in any individual
with the disease only one or a subset of these pathways might be involved. For example,
the genetic propensity to develop type 2 diabetes (T2D) seem to involve genes in
several different pathways that affect pancreatic S-cell formation and function, as well

as pathways affecting fasting glucose levels and obesity (Frayling, 2007), as illustrated
in figure 2.4. Likewise, many of the loci associated with multiple sclerosis involve
immune function — including the interleukin receptor genes IL2RA and IL7RA. and the
HLA-DRA locus — but a gene encoding a protein involved in axonal function, kinesin
family member 1B (KIFIB), is also associated with the disease. Clinicians previously
considered these conditions as simple phenotypes, with all patients with diagnosis
having the same underlying biological disorder.

Surprisingly, there have been several instances in which one genomic interval have been
associated with two or more seemingly distinct diseases. This convergence of genes
associated with multiple diseases has led to the concepts of the ‘diseaseome’ , which
maps a network of how different genes and pathways connect to various diseases, as
illustrated in figure 2.5. Examples include different inter-leukin receptor genes that are
associated with Crohn’s disease, multiple sclerosis, systemic lupus erythematous and
rheumatoid arthritis. Such diseases had already been thought of as sharing a common
immune-mediated etiology, but now there is discrete evidence for a common genetic
underpinning. Another example is the common SNP on chromosome 9p21 that is
associated with three vascular phenotypes — myocardial infarction, abdominal aortic
aneurysm and intracranial aneurysm. Such conditions would not previously have been
thought to have a common pathogenic thread. The recent exceptional advances in
associating genes with many diseases have led some to suggest that the textbooks of
medicine need to rewritten to account for our enhanced understanding of the
interconnectivity of the molecular basis underlying distinct diseases.
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Figure 2.5 Overlap of genetic risk factor loci of common diseases (Frazer, et al., 2009).



2.3.4 Limitations of GWAS in identifying causative variants

Despite this exceptional progress, there are substantial limitations to the GWAS
approach. Although statistically compelling associations have been identified, there is
an enormous gap in the ability to provide the biological explanation for why a genomic
interval tracks with a complex trait. For the ‘most part, all we know is that a tag SNP for
an LD bin is statistically associated with a trait, but we have no idea of the precise
variants in the bin that have a causal role in contributing to variation in the trait. It is
important to emphasize that tag SNPs are in LD not only with other SNPs but also with
common structural variants, the majority of which have not yet been identified. The best
way to move from a statistical association to knowledge of the causative variant is
unclear. In most cases it will be straightforward to identify causative variants that are in
LD with a tagging SNP and that are located in exons that truncate or otherwise alter the
gene product. However, the causative variants underlying GWAS associations are likely
to be regulatory rather than coding. For instance, many of the associations so far are not
even localized to intervals that include a gene. For example, the variant at 9p21 that
associates with myocardial infarction is 150 kb from the nearest gene, and for the
variants on 8q24 that are associated with susceptibility to multiple solid tumors this
distance is 300 kb. Experiments are being conducted that simultaneously assay global
gene expression and genome-wide variation in a large number of individuals to map
genetic factors underlying differences in expression levels. These data sets may be
valuable tools for identifying the causative variants and biological bases for many loci
associated with a complex trait through genome wide association studies.



CHAPTER 3 MATERIALS AND METHODS (II)

3.1 Materials

3.1.1 Databases y

The online databases are the major material for constructing the SNPs and GWAS
content pack. The following is the databases for this study.

Y

S)

PubMed (http://www.ncbi.nim.nih.gov/pubmed/) is the main databases for all
of the referenced literature.

SNPs database (http:// www.ncbinlm.nih.gov/projects/SNP/) are the
referenced SNPs information of human. .

dbGaP (http:// www.nebi.nlm.nih.gov/gap) is the genotypes and phenotypes
databases.

International HapMap Project (http:// www.hapmap.org/) is the haplotype
databases.

Drug Bank (http:// www.drugbank.ca’) is the online databases that combine
the drug detail data with a comprehensive drug target.

3.1.2 Computer resources

1)
2)

3)

CPU: Intel(R) Core(TM) 2 Duo CPU @z, 2.20GHz
Hard disk: 250 GB3
Memory: 2 GB

3.2 Methods

The methods for constructing the SNPs and G'WAS content pack as follows:

)

4

For finding the main concept and the major component of the GWAS
research, the literature review of the previous researches in this field is
needed. When the articles from vaiious studies about the SNPs and GWAS
are compared, the main idea about the genome wide association study was
retrieved. Morcover, the major skeletone and the minor details from each
study can be separated.

For finding the share components on GWAS research, the major skeleton and
the minor detai! form each study was separated. For the major skeletons of
the genome wide association study, the essential and shared components from
each study was included. scuch as the traits or diseases for each study, the
associated SNPs, the statistical test or the experimental design. For the minor
details component, the additional component for each study was included,
such as the discase annotation. tre sample annotation, or the population
details.

For constructing the SNPs and ({WAS content pack, the essential and
additional components from the previous steps are summarized and evaluated
in order to investigate the standardizcd fields of SNPs and GWAS content
pack.

Finally, for testing the constructed SNPs and GWAS content pack, the
literature annctation was performed. Few SNPs and GWAS articles were
added into the constructed SNPs and ("WAS content pack. Moreover, the
correlation study across study was performed by mapping the genotypes to
phenotypes in order to detect the emerging cheracteristic of SNPs and GWAS
content pack.



CHAPTER 4 RESULTS AND DISCUSSIONS (II)

4.1 Data linking

The data linking of the SNPs and the fields that are associated with the SNPs is showed
in the figure 4.1. The SNPs are referenced by location on the chromosome and the
allele. On the other hand. the SNPs were defined by its genotypes, also the haplotype for
each population groups. For the people that have the difference SNPs, difference
genotypes, the gene expression or metabolisrn are different. The SNPs are associated
with the reaction of the body to the drug, for example, the adverse event reaction, the
hypersensitivity, or the difference drug metabolism. For the possibility of the occurring
of each complex disease, the risk factor is indicated by the SNPs. The online databases
and the previous studies were used to ful{tll the SNPs data linking. For example, the
SNPs databases are provided the reference SNPs information in the area of location on
the chromosome, genotype, gene, aliele frequency. and the allele frequency for each
population groups. The GWAS literatures tha are deposit on PubMed are provided the
main reference information about the risk facior for each disease, or the drug reaction
that are affected by the SNPs.

4.2 Structure of SNPs and GWAS mm*em pack

The structure component ot SNPs and GWAS content pack can separate into essential
and additional component. The essential component of SNPs and GWAS content pack
is described by a literature information and SNPs information. The literature
information was explained by the publication information, such as, authors, a
publication date, journal information. and Publ{ed information. The study information
was explained by the sample infermation (population information), experimental
information, and SNPs information. The additional component of SNPs and GWAS
content pack is described by discases or treats information. The disease information was
explained by the type of disease and oniclogy ol discases and traits. For annotation the
literature into the SNPs and GWAS content pack. the annotation fields was separate into
4 parts as following:

1) General information anpotation
This part describe the general information about the literature and the study,
such as, PubMed 13, authors. nubiication date, journal, study title, study
types, and diseases or traits annotation. The diseases and traits annotation
were explained by diseases and trzirs information, diseases definition, and a
disease stage.

2) Sample annotation
The sample annotation describes the sample that used in each study. The
sample annotation is composed of an ini ﬂl sdmple size, an initial sample
detail, a replication sample size and a vepiication sample detail.

3) Experimental annotation
The expcrir‘wevrw} annotation used 10 Jdescribe the experimental design of
each study. The experimental armotation was explain by a study scope,
genotyping metheds. genotyping rlatforms. a quality control cut off, SNPs
that passing quality control. and statisiical analysis methods.




4) SNPs annotation
The SNPs annotation are including by the associated trait, specific traits,
SNPs ID, a reference allele, a risk allele, risk allele frequency, chromosomal
position, region, SNP type, reporter gene, p-value, log[p-value], odd ratio,
95% confidential interval, and the-.copy number variation information.

Figure 4.1 Data linking of SNPs and GWAS study.

4.3 Example database and annotation of SNPs and GWAS content

pack

An example study for the constructed SNPs and GWAS content pack was the genome
wide association study of the high blood pressure traits (Wang, er al., 2009). The
general annotation about this study, such as the publication information, the sample
size, the replication sample size and the draft information about the associate SNPs and
traits were illustrated in the table 4.1. The disease and traits detail information and the
SNPs detail information was showed in the table 4.2 and 4.5, respectively. In addition,
the experimental and sample details were showed in the table 4.3 and 4.4, respectively.
The full SNPs and GWAS content pack are reported in the appendix A.

Table 4.1 The general information for SNPs and GWAS content pack annotation.

PubMedID 19114657

First Author Wang

Publication Date 12/29/2008

Journal Proc Natl Acad Sci USA

http://www.ncbi.nlm.nih.gov/pubmed/19114657?0ordina

Ipos=13&itool=EntrezSystem2.PEntrez.Pubmed.Pubm

ed ResultsPanel.Pubmed DefaultReportPanel.Pubmed
RVDocSum

Whole-genome association study identifies STK39 as a

hypertension susceptibility gene

Link to PubMed

Study




Disease/Trait

Blood pressure

Initial Sample Size

542 individuals

Replication Sample Size

6,583 individuals

Region 2q24.3
Reported Gene(s) STK39
Strongest SNP-Risk Allele rs6749447-G
SNPs rs6749447
Risk Allele Frequency 0.28
p-Value 2.00E-07
-Value (text)
OR or beta 1.9

95% CI (text)

[1.2-2.6] mm Hg increase in DBP

Platform [SNPs passing QC]

Affymetrix [79,447]

CNV

N

Table 4.2 The example diseases or traits annotation.

Disease/Trait

high blood pressure (hypertension)

Disease definition

SBP > 140 mmHg (or normal in case of using hypertension
medication)

DBP > 90 mmHg (or normal in case of using hypertension
medication)

Disease stage

N/A

Table 4.3 The example experimental annotation.

Study Genome Wide Association (on autosome)
type of study Case / Control and Cohort
Genotype quality Genotype call rate >50%
control criteria
MAF > 5%
HWE (p-value <0.001)
SNPs passing QC 79,447
Platform Affymetrix 100K
Genotyping Methods |NR

'Statistical Analysis

Measured genotype approach

Table 4.4 The example sample annotation.

Initial Sample Size

542

Initial Sample detail

Amish Family Diabetes Study (AFDS)

Quality Control

Replication Sample
Size

6583

Replication Sample
detail

Independent amish and 4 non-amish caucasian samples
(Diabetes enetics Initiative, Framingham Heart Study, GenNet,
and Hutterites)

Population/Sample
idetails

lnitial Sample

INumber of sample (use in this study)
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* AFDS 542

Replication Sample

* AFDS 557

* HAPI hart study 790

* FHS 1345 ¥
* DGI 3082

* Huttrites 575

* GenNet 802

Table 4.5 The example SNPs annotation.

SNPs rs6749447

Reference allele A/G

SNPs risk allele G

Risk allele frequency [0.28

Position 168749632

Region 2q24.3

Reported Gene STK39

\p-value 2.00E-07

OR or beta i.9

95% Cl1 [1.2-2.6] mm Hg increase in DBP

CNV

INo
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4.4 Emerging correlation

The correlation study was performed by using the constructed SNPs and GWAS content
pack and some annotated articles in the SNP and GWAS content pack. The correlation
mapping was done by using Cytoscape 2.6.3 (Shannon, et al., 2003). Linkages between
genotypes and phenotypes across the study were found. An example correlation
between the SNPs and colorectal and prostate cancer traits are shown in the figure 4.2
and the HDL cholesterol, triglycerides, LDL cholesterol and C-reactive protein are
shown in the figure 4.3. In addition, the traits-loci correlation is shown in the figure 4.4.

Figure 4.2 the traits-SNPs correlation between colorectal cancer and prostate cancer
was found.
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4.5 Discussions

When the SNPs and GWAS content pack was constructed, the SNPs and GWAS
information are standardized into the same format. For example, the information from
the genome wide association study are divided in to the general information, trait or
disease information, experimental information, sample information and SNPs
information. For all annotated information, the same criteria for annotated every fields
was used. When the SNPs and GWAS are generalized collected, the constructed SNPs
and GWAS content pack can be retrieved genome wide association information easily.
Moreover, there are various levels of the emerging information after from the SNPs and
GWAS content pack, such as the share genotype (same SNPs) for various disease, the
share phenotype (same traits) from various SNPs.

The SNPs and GWAS content pack have been successfully constructed. The constructed
SNPs and GWAS content pack are the idea of technology transfer that is the
commercialized research knowledge collection. However, the critical comments and
suggestions from the researcher are needed in order to improve the structure, the
annotated information and the additional analysis.



CHAPTER 5 CONCLUSION AND RECOMMENDATIONS (II)

5.1 Conclusion

The data linkage of SNPs and genome wide association study was constructed in order
to find the shared and addition component of SNPs and GWAS content pack. The SNPs
and GWAS content pack was successfully constructed from the shared and additional
component. Same criteria to collect the genome wide association study into the SNPs
and GWAS contest pack were used. Some genome wide association studies were
annotated into the SNPs and GWAS content pack. Finally, the correlation studies of
SNPs and GWAS content pack were performed to find the emerging linage between
traits, loci or SNPs.

5.2 Recommendations

This SNPs and GWAS content pack was the primary databases of the SNPs and GWAS
that expected to standardized into the same format and easy to visualize. However, the
SNPs and GWAS content pack did not include all of the genome wide association
study. For improve and generalize the SNPs and GWAS content pack, there are more
literature need to include in this content pack.
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CURRICULUM VITAE (I)

NAME

DATE OF BIRTH

EDUCATION RECORD

HIGH SCHOOL

BACHELOR’S DEGREE

MASTER’S DEGREE

SCHOLARSHIP

PUBLICATION

Mr. Palang Chotsiri

1 Decembér 1984

High School Graduation
The Laboratory School of Rajabhat Institute Phranakhon
Si Ayutthaya, 2003

Bachelor of Science (Physics)
Mahidol University, 2007

Master of Science (Bioinformatics)
King Mongkut’s University of Technology Thonburi,
2011

Full Scholarship, by National Center for Genetic
Enginnering and Biotechnology and King Mongkut’s
University of Technology Thonburi for Master’s Degree
in Bioinformatics, 2007

Thailand Full Scholarship for Distinguish Science
Student, Ministry of Science and Technology of Thailand
for Bachelor’s degree in Sciences, 2004

Chotsiri P., Cheevadhanarak S., Senachak J., Laoteng K.,
Paithoonrangsarid K.,  Plengvidhaya V., 2008,
“Evolutionary scenarios of cyanobacterial lineage
determining by comparative genomics”. International
conference on life science 2008 (BioAsia 2008),
Bangkok, Thailand, (poster presentation)

Saehuan C., Chotsiri P., Rojanarata T., 2008, “Molecular
phylogeny based on benzoylformate decarboxylase of

Pseudomonas strains”, fnulaninemans Ua 8(1), 78-
76.

Chosiri  P.,  Plengvidhaya V., Senachak ],
Paithoonrangsarid K., Laoteng K., Prommeenate P.,
Cheevadhanarak S., 2009, “Uncovering photosynthesis
apparatus and genomic repertoires of cyanobacterial
ancestor via phylogenomic analysis”. Thailand Society
of Biotechnology (TSB). Bangkok, Thailand, (oral
presentation)



King Mongkut’s University of Technology Thonburi

Agreement on Intellectual Property Rights Transfer for Postgraduate Students

Surname/Family Name.....ChOUSITL. ... el
Student Number....50460004.......... who is a student of King’s Mongkut's University of
Technology Thonburi (KMUTT) in Q Graduate Diploma @ Master Degree

QO Doctoral Degree

.......................... Nakhon-laung, Ayudbaya.................ccoooiiiiiiiiceeece
Pogtal Code...1 3200..... S & Comitty... Sibailand...... sS85 e S8

I, as ‘Transferer, hereby transfer the ownership of my thesis copyright to King's
Mongkut’s University of Technology Thonburi and National Center for Genetic Engineering and
Biotechnology, Thailand who has appointed (Dean’s name) Assoc.Prof. Narumon Jeyashoke and
Assoc.Prof.Dr. Nipon Charoenkitkarn, Dean of School of Bioresources and Technology and Dean
of School of Information Technology to be ‘Transferees’ of copyright ownership under the

‘Agreement’ as follows.

who is my supervisor, and/or.Assaoc..Prof.. Dr. Supapon. Cheevahanarak and. Dr. littisak .Senachak .
who is/are my co-supervisor(s), in accordance with the Thai Copyright Act B.E. 2537. The thesis
is a part of the curriculum of KMUTT.

2. | hereby transfer the copyright ownership of all my works in the thesis to KMUTT
throughout the copyright protection period in accordance with the Thai Copyright Act B.E. 2537,
effective on the approval date of thesis proposal consented by KMUTT.

3. To have the thesis distributed in any form of media, | shall in each and every case
stipulate the thesis as the work of KMUTT.

4. For my own distribution of thesis or the reproduction, adjustment, or distribution of
thesis by the third party in accordance with the Thai Copyright Act B.E. 2537 with remuneration in
return, | am subject to obtain a prior written permission from KMUTT.

5. To use any information from my thesis to make an invention or create any intellectual
property works within ten (10) years from the date of signing this Agreement, | am subject to

obtain prior written permission from KMUTT, and KMUTT is entitled to have intellectual property



rights on such inventions or intellectual property works, including entitling to take royalty from
licensing together with the distribution of any benefit deriving partly or wholly from the works in
the future, conforming with the Regulation of King Mongkut’s Institute of Technology Thonburi Re
the Administration of Benefits deriving from Intellectual Property B.E. 2538.

6. If the benefits arise from my thesis or my intellectual property works owned by KMUTT,
I shall be entitled to gain the benefits according to the allocation rate stated in the Regulation of
King Mongkut’s Institute of Technology Thonburi Re the Administration of Benefits deriving from

Intellectual Property B.E. 2538.

Signature............. / ............................... Transferor

(Mr. Palang Chotsiri)
Student

Signatire:.... &> srtaiis e/ 2 TN RS | Transferee

(Assoc.Prof. Narumon Jeyashoke)

Signatiigey....... .m0 o e Transferee
(Assoc.Prof.Dr. Nipon Charoenkitkarn)

Dean

7,
Signature.......! W 4l A Witness

(Dr. Vethachai Plengvidhya)

Signature.....C. T

mmm% IZ? /un Tolmw

(Asst.Prof.Dr. Marasri Ruengjitchatchawalya)
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