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2 ABSTRACT 

3 Bacterial genome sizes range from ca. 0.5 to 10Mb and are influenced by gene 

4 duplication, horizontal gene transfer, gene loss and other evolutionary processes. 

5 Sequenced genomes of strains in the phylum Acidobacteria revealed that "Solibacter 

6 usistatus" strain Ellin6076 harbors a 9.9 Mb genome. This large genome appears to have 

7 arisen by horizontal gene transfer via ancient bacteriophage and plasmid-mediated 

8 transduction, as well as widespread small-scale gene duplications. This has resulted in an 

9 increased number of paralogs that are potentially ecologically important (ecoparalogs). 

10 Low amino acid sequence identities among functional group members and lack of 

11 conserved gene order and orientation in the regions containing similar groups of paralogs 

12 suggest that most of the paralogs were not the result of recent duplication events. The 

13 genome sizes of cultured subdivision 1 and 3 strains in the phylum Acidobacteria were 

14 estimated using pulsed-field gel electrophoresis to determine the prevalence of the large 

15 genome trait within the phylum. Members of subdivision 1 were estimated to have 

16 smaller genome sizes ranging from ca. 2.0 to 4.8 Mb, whereas members of subdivision 3 

17 had slightly larger genomes, from ca. 5.8 to 9.9 Mb. It is hypothesized that the large 

18 genome of strain Ellin6076 encodes traits that provide a selective metabolic, defensive 

19 and regulatory advantage in the variable soil environment. 

20 

21 

22 

23 
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2 INTRODUCTION 

3 Soils contain an abundant and diverse array of bacteria. Based on 16S rRNA gene 

4 sequences, members of the phylum Acidobacteria are one of the most abundant phyla 

5 found in soils and sediments worldwide (1-3). They are also found in a wide variety of 

6 other environments, including aquatic (4, 5), extreme (6, 7), polluted (8), and wastewater 

7 environments (9, 10). This phylum is defined by a large collection of 16S rRNA gene 

8 sequences (>8,000 in the ARB_SILVA Database (July 2009)) (11) that fall into 26 major 

9 subdivisions (8). However they have been very difficult to isolate in vitro, and few 

10 validated cultured representatives exist (7, 12-16). The cultured isolates are slow-

11 growing and can be challenging to grow in the lab, which has hampered biological and 

12 physiological characterization. Despite their widespread occurrence in nature, much 

13 about acidobacteria biology and potential ecological roles in soil remain unknown. 

14 Comparative analysis of three sequenced acidobacteria genomes from 

15 subdivisions 1 and 3 revealed that the genome of the subdivision 3 member, "Solibacter 

16 usistatus" strain Ellin6076 (hereafter termed Ellin6076), was 9.9 Mb in size whereas 

17 subdivision 1 strains, "Korebacter versitalis" strain Ellin345 (hereafter termed Ellin345) 

18 and Acidobacterium capsulatum had much smaller genomes (5 .7 Mb and 4.1Mb, 

19 respectively) (17). We hypothesized that identifying the mechanisms leading to the large 

20 genome ofEllin6076 and distinctive physiological features would provide information 

21 about its potential ecological roles in the soil. 

22 Variation in genome size, structure and gene arrangement impacts bacterial 

23 phenotype and contributes to genome evolution (18). Genome size can differ dramatically 
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within the same genus or family, and is not associated with specific bacterial lineages or 

2 phenotypes. Large genomes (defined here as >7 Mb) are found in many diverse species 

3 across the Domain Bacteria (17, 19-26). Obligatory host-associated bacterial pathogens 

4 (27), insect symbionts (27-29), and extremophiles (30, 31) have lost genes during 

5 specialization for their environments (27, 32), and typically harbor reduced genomes 

6 compared to facultative pathogens and free-living bacteria (27-31,33). Free living soil 

7 and marine species (26) along with facultative pathogens tend to have larger genomes 

8 (34), and are presumed to provide a selective advantage in their environments, which 

9 contain scarce, and potentially diverse resources (35). In a highly variable, changing 

10 environment it may be advantageous for microorganisms to retain a broader collection of 

11 genes in order to respond to environmental perturbations (36). 

12 Several mechanisms contribute to genome size, structure and evolution, including 

13 whole genome duplication, large tandem duplications, small-scale duplication events, and 

14 horizontal gene transfer (18,27,36-47). Gene duplication and horizontal gene transfer 

15 events are mechanisms for homolog acquisition (36, 37, 39-44, 47), often leading to the 

16 generation of paralogs, which can undergo mutations that lead to functional 

17 diversification (36, 37, 39, 40, 47). Horizontal transfer events such as natural 

18 transformation, conjugative transfer and bacteriophage-mediated transduction can 

19 introduce genes from external sources, and may also result in acquisition of new 

20 functions (41, 48-50). In this study, the physical features of the large Ellin6076 genome 

21 were examined to determine possible mechanisms leading to the generation of the large 

22 genome, and to develop hypotheses about the stability, physiology and possible 

23 ecological consequences of harboring a large genome. Results from this genomic 
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approach have identified potential traits encoded in paralogs that suggest physiological 

2 drivers for maintaining a large genome in a soil environment. 

3 

4 RESULTS 

5 Mechanisms contributing to genome size and structure 

6 Small scale repeat sequences. The presence of short repeat sequences in the 

7 Ellin6076 genome was a key factor contributing to its large size. The total number of 

8 repeats in Ellin6076 was 8.7-fold greater than the number of repeats in Ellin345 

9 (supplemental material, Tables S I-S5). The majority of all repeats identified in both 

10 genomes were less than 50 - 100 nucleotides long. Consistent with other large bacterial 

II genomes, MUMmer (51) analysis (supplemental material, Figure SI) demonstrated that 

12 long repeat regions and/or whole genome duplication did not contribute to the large 

13 genome ofEllin6076. 

14 Gene acquisition. Three genomic features were examined that can indicate the 

15 presence of horizontally acquired genes associated with genomic islands or prophage 

16 regions. These features were deviant GC content compared to the rest of the genome (52), 

17 genes encoding mobile genetic elements, and genomic sequence regions with deviant 

18 dinucleotide bias, that can indicate the presence of genomic islands (18, 34, 41, 42, 48, 

19 52-57). 

20 GC content. Circular representations of the Ellin6076 and EIlin345 genomes in 

21 Figure 1 illustrate the general features ofthe two genomes, including forward and reverse 

22 coding sequences (circles 1 and 2 starting at the outside), RNA genes, locations of mobile 

23 elements, GC content, and GC skew. By examining the circular diagram, the cumulative 
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GC skew (58) and output from IslandPath (55), we found that the Ellin6076 genome did 

2 not contain any large regions with GC content that differed significantly from the average 

3 GC content of the rest of the genome. 

4 Mobile genetic elements. The Ellin6076 genome contained 123 mobile genetic 

5 element genes that encode phage integrases, transposases and IS elements, compared to 

6 29 mobile element genes in Ellin345 (Figure 1). Given the large number of phage 

7 integrase genes, bacteriophage-mediated transduction appears to have occurred in 

8 Ellin6076, however no intact prophage regions were identified in the genome (17). 

9 Numerous integrase, transposase and IS element protein sequences had a high (97-100%) 

10 identity to each other, and could be classified into identity groups (supplemental material, 

11 Table S6). Given the high sequence similarity of the genes within these mobile element 

12 groups, it appears that these genes may have recently duplicated and dispersed 

13 throughout the genome. 

14 To further investigate the potential for past phage infection, we examined the 

15 genome for prophage regions, as well as clustered, regularly interspaced, short 

16 palindromic repeats (CRISPRs), which are composed of recurrent direct repeat sequences 

17 interspaced by intervening non-repetitive sequences of phage origin, and indicate a 

18 previous phage infection event (59-61). We did not find any prophages or CRISPRs in 

19 the genome, but identified 3 CRISPR-associated protein genes (Acid_0892, Acid_0893 

20 and Acid_0895), which may be involved in DNA repair. These data suggest that the 

21 presumed phage transduction events that introduced genes into the Ellin6076 genome did 

22 not happen recently, given the lack of identification of any intact prophage regions and 

23 CRISPRs, which do not persist in the host genome over time (62). 
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1 Genomic Islands. A genomic island (GI) is a region of a genome that was 

2 previously mobile, and has become fixed in the genome. GIs are frequently inserted near 

3 tRNA genes and flanking repeat sequences, and often contain genes encoding mobile 

4 elements (reviewed in (53)), as well as niche-specific functions, such as virulence or 

5 metabolic traits. Since the Ellin6076 genome contained many genes encoding mobile 

6 elements, we examined these regions for candidate GIs. Using the output from IslandPath 

7 (55), putative GIs were identified in the Ellin6076 genome (supplemental material, Table 

8 S7); GI features identified by IslandPath included gene clusters with dinucleotide bias 

9 and GC content that deviated from the average GC content of the genome, and the 

10 presence of either tRNA or mobile element genes flanking the putative GI. 

11 Putative GI regions in the Ellin6076 genome were difficult to identify since the 

12 overall GC content in these regions was not strikingly deviant from the average GC 

13 content of the genome. Sixteen candidate GIs were identified, which contained small 

14 groups of genes with GC content either above or below the average GC content of the 

15 genome along with numerous tRNA genes and mobile genetic elements. The most 

16 notable GI candidate regions (III, XI, XIII and XV) (supplemental material, Table S7) 

17 were characterized by a below-average GC content, dinucleotide bias that covered nearly 

18 the entire region, the presence oftRNA genes, and mobile elements. In addition to the 

19 abundant phage integrase genes, some of the putative GI regions contained fragments of 

20 genes annotated as either phage or plasmid-related. All of the putative GIs contained 

21 multiple genes annotated as hypothetical, with no similarity to any known sequences. 

22 Gene duplication and para)ogs. Evidence for gene duplication was found in the 

23 Ellin6076 genome, and corresponded to an increase in the number of para logs (duplicated 
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genes) in virtually all COG categories compared to Ellin345 (Table 1 & supplemental 

2 material Tables S8-S9). After correcting for genome size, Ellin6076 contained a higher 

3 percentage of para logs (67.8%, 5426 para logs in 1103 paralog groups) than Ellin345 

4 (52.6%,2543 paralogs in 677 paralog groups). The number of para logs in many 

5 categories was increased 4-fold or greater (Tables 2 and S 1 0), and included mobile 

6 elements, genes involved in cell wall/membrane biogenesis, signal transduction, 

7 intracellular trafficking and secretion, defense mechanisms and metabolism. Paralogous 

8 sequences with the same functional definition (e.g. serine/theronine kinases) in 

9 Ellin6076, generally showed less than 50% amino acid identity to each other in full-

10 length alignments (data not shown), providing evidence for ancient duplication events. 

11 

12 Examples of increased functional redundancy and diversity in Ellin6076 

13 The functional categories described above represent increased metabolic and 

14 regulatory redundancy and diversity encoded in the Ellin6076 genome compared to 

15 Ellin345 (Table 2). Increased numbers of para logs with functions related to multiple 

16 aspects of metabolic breadth, cellular defense, and gene regulation were common. Some 

17 notable examples of functional categories showing a 4-fold or greater increase in 

18 Ellin6076 are described below, and the full list is presented in Table S 1 O. 

19 Metabolic breadth. The metabolic redundancy and diversity present in Ellin6076 

20 included paralogs that were overrepresented in Ellin6076 compared to Ellin345, as well 

21 as genes encoding functions that were unique to Ellin6076. Putative functions that were 

22 overrepresented in Ellin6076 compared to Ellin345 included numerous metabolic 

23 enzymes. Some examples include F ADIFMN-containing dehydrogenases, lipases, 
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choline dehydrogenase, xylose isomerases, gluconolactonase, alpha-L-fucosidase, 

2 gJucose/sorbosone dehydrogenases, along with enzymes utilized in ubiquinone 

3 biosynthesis. Examples of increased carbon degradation ability include: 41 genes 

4 encoding xylose isomerase (compared to 6 genes in Ellin 345), which performs pentose 

5 and glucuronate interconversions, as well as fructose, mannose and glucose metabolism 

6 (63); 7 genes for alpha-L-fucosidase, involved in glycoprotein degradation (64); 4 genes 

7 encoding beta-galactosidase (beta-galactoside degradation) (65); and 4 genes encoding 

8 beta-xylosidase (xylan metabolism) (65); 

9 Unlike the genome ofEllin345, EIlin6076 harbored genes involved in aromatic 

10 and polymer (ie, carbon) degradation such as 5 genes encoding 2,4-dihydroxyhept-2-ene-

11 1, 7-dioic acid aldolase, which is involved in metabolism of aromatic compounds (66) and 

12 endopolygalacturonase (11 genes), involved in hydrolysis of 1,4-alpha-D-

13 galactosiduronic linkages in pectate, galacturonans, and degradation of plant cell walls 

14 (67). The Ellin6076 genome contained ca. 6.3-fold more genes than EIlin345 in the 

15 category of "L-alanine-DL-glutamate epimerase and related enzymes", which appear to 

16 encode mandelate racemase/muconate lactonizing enzymes of the enolase superfamily 

17 implicated in aromatic acid catabolism (68), as well as all of the genes encoding the 

18 protocatechuate catabolism pathway, which were not present in the smaller genome of 

19 EIlin345 (supplemental material, Table S 12). 

20 Other unique metabolic functions encoded in the Ellin6076 genome included: 4 

21 genes encoding cytochrome b; quinoprotein glucose dehydrogenase (26 genes), which 

22 functions in glucose and glucose-I-phosphate degradation (69); 9 genes annotated as 

23 'microcompartments protein', with sequence similarity to ethanolamine and propanediol 
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utilization proteins, which may playa role in modulating toxicity of aldehydes produced 

2 during 1,2-propanediol and ethanolamine degradation (70); and other genes involved in 

3 ester hydrolysis, sulfur metabolism and menaquinone biosynthesis. 

4 

5 Cellular defense. Ellin6076 contained genes encoding functions related to 

6 antibiotic synthesis and resistance that support an increased potential for cellular defense. 

7 In particular, 26 genes encoding 4-amino-4-deoxy-L-arabinose transferase and at least 17 

8 genes for glycosyltransferase family 2, which are involved in polymixin antibiotic 

9 resistance (71). Both Ellin345 and Ellin6076 encode such glycosyltransferases 

10 (Acid345 _2286 and Acid_1759) that are orthologs of the Burkholderia xenovorans 

II polymixin resistance glycosyltansferase (Bxe_A2387). The Ellin6076 genome also 

12 contained 12 genes encoding an anti repressor that regulates drug resistance (peptidase 

13 M56), and 4 genes encoding phytanoyl-COA dioxygenase, which is involved in 

14 biosynthesis of mitomycin antibiotics (72). Ellin345 had 1 gene (Acid345 _4531) 

15 encoding this putative activity, which corresponded to one of the Ellin6076 genes 

16 (Acid_ 4483); orthologs were also found in B. xenovorans (Bxe_B0569), Nocardia 

17 jarcinica (nfa3 5020), Rhodococcus sp. RHA 1 (RHA l_ro05315), and several other soil-

18 dwelling species. 

19 Adaptation to environmental conditions. Abundant genes encoding signaling 

20 factors and regulators of cellular function are important features that suggest ability of the 

21 cell to alter its physiology in response to changing environmental conditions. One such 

22 regulator is sigma-24 extracytoplasmic function (ECF), which is also called sigma E (73). 

23 ECF sigma-24 factors regulate the expression of proteins in the bacterial outer membrane 

10 



(Gram-positive) or periplasmic space (Gram-negative) in response to stressful external 

2 stimuli (74-81). The Ellin6076 genome contained 74 sigma-24 ECF factor (sigma E) 

3 genes, only 16 of these had counterparts in Ellin345. Thirteen of the ElIin6076 sigma-24 

4 genes were adjacent to an anti-sigma factor gene in an operon-like arrangement, and most 

5 of these sigma-anti-sigma pairs were listed as predicted operons on the Microbesonline 

6 website (82) (http://www.microbesonline.org/operons/gnc234267 .html). When present in 

7 the same operon, anti-sigma factors are co-transcribed with the ECF sigma factor, 

8 inhibiting the activity of the sigma factor and protecting it from degradation so that it is 

9 ready to act when needed (83). The co-localization of 13 ECF sigma-24 factor genes with 

10 anti-sigma factors in operons indicates that at least these 13 sigma-24 ECF factors are 

11 functional in the traditional sense (83). However this does not preclude the possibility 

12 that these components and/or the additional ECF sigma-24 factors encoded in the 

13 Ellin6076 genome are used in different and novel ways that have not yet been described 

14 (74) 

15 Ellin6076 also contained increased numbers of genes encoding two-component 

16 systems, serine/threonine protein kinases, transcriptional regulators, and 

17 tetratricopeptide/TPR repeat proteins, which may have a variety of functions, including 

18 protein-protein interactions and the assembly of multiprotein complexes during a variety 

19 of biological processes, such as cell cycle regulation and transcriptional control (84). 

20 

21 Genome size survey of other members from the phylum Acidobacteria 

22 Less than six named and described strains exist to represent the phylum 

23 Acidobacteria, and most soil isolates represent only two of the twenty-six recognized 
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subdivisions in the phylum (8). Pulsed-field gel electrophoresis was used to estimate the 

2 genome size of other acidobacteria strains from subdivisions 1 and 3 to detennine if the 

3 large genome trait was specific to EIIin6076 or more widely distributed among the 

4 cultured isolates. The isolates represented different genera, with 16S rRNA gene 

5 sequence similarity (a measure of bacterial relatedness) of ca. 90%, between the 

6 subdivision 3 strains evaluated (n=2), and of ca. 92% among the subdivision 1 strains that 

7 were tested (n=5: Figure 2). Members of subdivision 1 were found to have smaller size 

8 genomes ranging from ca. 2.0 to 4.8 Mb, whereas the two members of subdivision 3 

9 harbored genomes size of ca. 5.8 and 9.9 Mh. (Table 3). 

10 

11 DISCUSSION 

12 Multiple mechanisms were found to contribute to the large genome of ElIin6076, 

13 including ancient horizontal acquisition events, probably mediated by phage, and small 

14 duplication events. Collectively they resulted in multiple, divergent para logs that confer 

15 the potential for broader and more differentially regulated physiology in Ellin6076. 

16 Consistent with studies of other bacterial genomes (85, 86), we did not find evidence for 

17 large insertions or large tandem duplications. The potential ecological consequences of 

18 the increased capacity for metabolism, defense, and regulation in the EIlin6076 genome 

19 are discussed here. 

20 

21 Evidence for ancient horizontal transfer followed by degradation of the signatures 

22 of horizontal transfer 

12 



Our genome analysis results suggest that the extensive gene duplication observed 

2 in Ellin6076 may have begun with ancient horizontal acquisition events. The lack of 

3 strand bias, increased number of repeats, and distribution pattern of the 126 mobile 

4 genetic elements throughout the genome of Ellin6076 suggest that horizontal transfer, 

5 followed by gene duplication, repeat-mediated recombination and transposition may have 

6 acted to shape the structure of this genome. Horizontal gene transfer is a powerful 

7 evolutionary event, evident by the acquisition of new capabilities and thus the possibility 

8 to exploit a new niche(s) (87). Natural transformation, conjugative transfer of plasmid 

9 sequences, and bacteriophage-mediated transduction can introduce genes into a genome 

10 from external sources not only resulting in the acquisition of new function(s) (41, 48-50), 

11 but also leading to an increase in genome size. 

12 The absence of intact phage or plasmid regions, taken together with the presence 

13 of numerous mobile genetic elements (i.e. transposases, integrases, and IS elements), 

14 CRISPR-associated protein genes, putative candidate genomic islands with deviant GC 

15 content and dinucleotide bias, and phage-related genes (such as phage integrases) 

16 illustrate that phage and/or plasmid integration events helped to shape the Ellin6076 

17 genome. However, they were not recent and have become obscured by more recent gene 

18 duplications and genome rearrangements mediated by the abundant mobile elements and 

19 repeats within the genome. Adding to the increasing genomic evidence from other 

20 bacterial species, our results support the conjecture that large bacterial genomes result 

21 from ancient processes, most likely phage and/or plasmid integration and gene 

22 duplication(25). These events generate functional redundancy and diversity within the 

23 genome, which persists over time because it offers a survival benefit to the organism. 

13 



Phages have been observed with a high abundance, ca. 1.9 x 109 virus-like 

2 particles/gram soil (dry weight), in forested and agricultural soils (88), and are an 

3 important agent of horizontal gene transfer in the soil environment. It is thus reasonable 

4 to speculate that ancient soil phage have contributed to the genome diversification of 

5 Ellin6076 given the remnants of numerous mobile genetic elements. It does not appear 

6 that either Ellin6076 or Ellin345 are currently very susceptible to phage transfection 

7 given the lack of evidence for recent phage events. 

8 

9 Ancient gene duplication events resulted in increased number of paralogs 

10 Most of the Ellin6076 paralogs within a particular functional group had relatively 

II low sequence similarities when compared to each other (e.g. serine/threonine protein 

12 kinases), suggesting they arose from ancient duplication events and then diverged. 

13 Examination of the gene neighborhoods surrounding these divergent paralogs revealed 

14 the presence of one or more mobile elements (Table S6), signifying that these paralogous 

15 sequences may have arisen through duplication, followed by movement within the 

16 genome via nearby mobile elements or through repeat-mediated recombination events. 

17 This observation is in agreement with a study oflS elements in cyanobacteria and 

18 archaea (89) and genome rearrangements in Sulfolobus solfataricus P2 (30) suggesting 

19 that IS elements can facilitate genomic changes by transposase-mediated transposition 

20 and by increases in copy number through homologous recombination (90) and self-

21 replicating behavior (85). Other studies have documented that the number of recently 

22 active IS elements increased with genome size (89), and the regions adjacent to these IS 

23 elements were enriched in genes encoding regulatory and metabolic functions. Notably, 
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1 COG categories representing regulatory and metabolic functions were expanded in the 

2 large genome of ElIin6076, and we did find several groups of related mobile element 

3 genes with high sequence similarity to each other (Table 6) adjacent to regions containing 

4 regulatory and metabolic genes. 

5 

6 Abundant paralogs provide functional diversity 

7 Gene duplication in various COG functional categories can result in gene family 

8 expansion through functional redundancy with existing genes. In addition, para logs 

9 resulting from gene duplications can also undergo mutations leading to functional 

10 diversification (36, 38, 39, 43, 47). This chain of events would lead to expansion of 

11 various COG categories, as we observed in the large genome of ElIin6076. 

12 The Ellin6076 genome contained an abundance of para logs that occurred together 

13 in more than one area of the genome, but not in the same order and orientation 

14 (supplemental material, Table S8), which is consistent with previous studies (47). The 

15 genome contained paralogs in virtually all COG functional categories, especially in genes 

16 involved in transcription, metabolism, signal transduction and regulation. The adaptive 

17 consequences of carrying these abundance paralogs are unknown, but one could reason 

18 that a large genome could confer both advantages and disadvantages to bacterial fitness 

19 and performance in the environment. Potential advantages include increased breadth and 

20 regulatory potential of metabolic function, which would be offset by the metabolic cost to 

21 cell growth, in maintenance and replication of the large genome. A large genome that 

22 encodes a variety of functionally similar genes that recognize different substrates or that 
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are under different regulatory control could confer substantial metabolic flexibility under 

2 variable environmental conditions. 

3 The abundant and widely divergent paralogs in the large Ellin6076 genome, found 

4 across many aspects of metabolism, defense and regulation, suggest that increased 

5 functional diversity is an important criterion in the lifestyle of this species in the soil. To 

6 survive in soil, bacteria must cope with extremes of moisture, temperature, and 

7 geochemical conditions, and must compete successfully with other microbes for limited, 

8 changing resources. Whereas fast growing species may be able to out compete other 

9 community members via rapid growth, slow growing organisms like strain Ellin6076 

10 must employ other strategies for survival. In culture, Ellin6076 is non-motile, slow-

II growing (taking weeks to generate visible colonies on culture plates), grows optimally on 

12 very low nutrient concentrations (91, 92), and can utilize many different carbon sources 

13 (17). This suggests a lifestyle in the soil adapted to relatively stationary, slow growth in 

14 nutrient limited conditions. In such a lifestyle, it is consistent to reason that harboring 

15 extensively diverse metabolic capability would be advantageous . 

16 The increased capacity of Ellin6076 to degrade a variety of carbon suggests that 

17 the presence of a large genome is beneficial in soil where carbon sources are highly 

18 varied. Notably, the Ellin6076 genome provided increased capability to use complex 

19 carbon substrates such as aromatic acids and plant cell wall materials. 

20 Specialized microbes that harbor the enzymes to degrade these compounds are essential 

21 to the terrestrial carbon cycle since these compounds are slow to degrade. 

22 In addition to metabolic exploitation of available resources, Ellin6076's large 

23 genome could provide an alternative competitive and survival strategy in adverse 
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environmental conditions, as has been suggested for other soil-dwelling heterotrophs (20, 

2 25). For example, the EIlin6076 genome included an expansion of cell wall/membrane 

3 biogenesis capabilities and stress response sigma factors, potentially providing an 

4 increased ability to protect itself from stressful environmental conditions. The increase in 

5 defense mechanism-related genes, most having an assigned function of antimicrobial 

6 resistance, could help to defend against neighboring microorganisms that are competing 

7 for the same resources. 

8 With the increased capacity for carbon metabolism and defense comes an 

9 increased requirement for regulation. The ElIin6076 genome harbored increased 

10 numbers of genes involved in transcription and signal transduction mechanisms, 

11 suggesting an increased ability to regulate metabolism, and/or an increased capability to 

12 sense and respond to environmental changes compared to Ellin345 (Table S 1 0). Most 

13 notable in these categories were genes encoding serine/threonine protein kinases, 

14 transcriptional regulators, and DNA-directed RNA polymerase, sigma-24 (sigma E) 

15 homologs. To date, EIlin6076 harbors the most sigma E homologs among the sequenced 

16 genomes in the Bacteria. Sigma E regulons in a variety of bacteria are induced in 

17 response to stressful environmental conditions including nutrient limitation/starvation, 

18 oxidative stress, heat shock, lead exposure, cell envelope stress (75-81). Processes 

19 activated by SigmaE include outer membrane synthesis and assembly (93), carotenoid 

20 biosynthesis (94), mucoid production (95), and organism-specific functions necessary for 

21 environmental adaptation (93). It is plausible to assume that Ellin6076's increased 

22 capacity to respond to the environment provides a selective advantage in soils in times of 

23 stress. 
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The functional redundancy observed in the genome ofEllin6076 might be due to 

2 the presence of ecoparalogs (96), which perform the same basic function under different 

3 environmental conditions, and can serve to help microorganisms during seasonal periods 

4 of fluctuations in resources(97). Patchy nutrient distribution, limiting nutrients, and 

5 geochemical conditions that can vary dramatically across the mm scale, are major factors 

6 that shape soil microbial communities (98-100). The ability to use varied nutrient sources 

7 across gradients of physical conditions would be advantageous in the soil. 

8 The functional complexity gained with a large genome may not be unique to 

9 microorganisms in the soil environment. An increased bacterial genome size (6 Mb) has 

10 also been observed at the border of the oxic and anoxic zones in microbial mats, as 

11 compared to the rest of the mat (3 - 3.5 Mb) reflecting the increased functional 

12 complexity needed at this depth (10 1). The large (7 .2Mb) genome of the marine 

13 bacterium Hahella chejuensis also has a number of functionally redundant genes 

14 involved in transcriptional regulation and/or environmental sensing that may play roles in 

15 its adaptability to a changing marine environment (22). 

16 

17 Genome Size Distribution in Related Species 

18 The Ellin6076 has the largest genome of the cultured isolates for which we have 

19 genome sizes, and this does not appear to be a trait common to subdivisions 1 and 3. The 

20 large genome trait occurs sporadically among closely related species and several large-

21 vs-small genome pairs of related bacteria (usually at the Genus level) have been 

22 identified (Table 1). Studies of large genomes greater than 6 Mb in size such as Hahella 

23 chejuensis KCTC 2396 (22), Bradyrhizobiumjaponicum USDA 110 (24), 
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Mesorhizobium loti MAFF303099 (23), Streptomyces coelicolor A3(2) (19), 

2 Streptomyces avermitilis MA-4680 (21), Rhodococcus sp. RHAI (25), and Burkholderia 

3 xenovorans LB400 (20) demonstrated increased numbers of duplicate genes among the 

4 paralogs, and genome size was strongly correlated with the number of paralogs, which 

5 represented particular functional classes of genes involved in adapting to a changing 

6 environment (47). The Ellin6076 and Ellin345 pair compared here falls in two different 

7 subdivisions within the phylum (Figure 2), and are not as closely related as the other pairs 

8 in Table 1. However, these are the two closest large-small genomes available for genome 

9 comparisons. 

10 The genome analysis presented here has identified features of the large genome 

11 that suggest how it was formed and suggests biological consequences that can be inferred 

12 from its structure. Clearly, improved culture approaches are needed that will facilitate 

13 biochemical and physiological studies suggested by the genome evidence, to ultimately 

14 determine the costs and benefits of harboring a large genome. 

15 

16 MATERIALS AND METHODS 

17 Genome sequencing and annotation were described previously (17). We used four 

18 freely available programs to assess repeats: repeat-match (finds all repeats), exact-

19 tandems (exact tandem repeats), Tandem Repeats Finder (all tandem repeats, (102)), and 

20 Inverted Repeats Finder (inverted repeats, (l03)). 

21 The MUMmer package (51) programs nucmer, repeat_match and exact_tandems 

22 were used for analysis of repeat regions. To identify long inexact genomic repeats, the 

23 nucmer program was used with the options -maxmatch and -nosimplify. The resulting 

19 



dotplot was obtained using mummerplot. The repeat_match and exact_tandems programs 

2 were run with default arguments. Tandem repeats finder (102) and inverted repeats 

3 finder (103) were run with recommended default arguments to identify tandem and 

4 inverted repeats, respectively. 

5 COG (104) category distributions, paralog and ortholog groups were obtained 

6 from the Integrated Microbial Genomes (IMG) system (http://img.doe.gov). In IMG, 

7 genes were assigned to Clusters of Orthologous Groups of proteins (COGs) using 

8 Reverse Position Specific BLAST of the Ellin6076 sequences against NCBI's Conserved 

9 Domain Database as described in (http://img.jgi.doe.gov/w/doc/userGuide.pd l). 

10 Paralogous pairwise relationships were computed as reciprocal hits within the genome, 

11 and paralogous groups were identified using the Markov Cluster Algorithm (MCL) with 

12 default parameters (see http://img.jgi.doe.gov/w/doc/userGuide.pdt). Comparative 

13 analyses were perfonned using IMG (105, 106), BLAST (107), the Conserved Domain 

14 Database (104), MetaCyc (http://metacyc.org) and the Pathway Tools (l08). Putative 

15 genomic islands were identified using IslandPath (55). IMG (105, 106) was used to 

16 search for clustered regularly interspaced short palindromic repeats (CRISPRs). 

17 The genome size strains from subdivisions 1 and 3 of the phylum Acidobacteria 

18 was detennined using pulsed-field gel electrophoresis (PFGE) upon the restriction of the 

19 genome DNA with rare-cutting enzymes (SwaI and PmeI) (New England Biolabs, 

20 Beverly, MA) following the procedure described by Bergthorrson and Ochman (109) 

21 Restricted genomic DNA was separated by electrophoresis on a CHEF-DR apparatus 

22 (Bio-Rad Laboratories, Richmond, CA) including markers such as Yeast Chromosome, 

23 Lambda Ladder, and Low Range (New England Biolabs, Beverely, MA). 
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1 
2 
3 FIGURE LEGENDS 
4 Figure l. Circular map of the Ellin6076 (Panel A) and Ellin345 (Panel B) genomes, 
5 showing the distribution of coding sequences, RJ'l"A genes, mobile elements, GC content 
6 and GC skew. From outside to the center: Circles 1 and 2: forward and reverse strand 
7 genes colored by COG categories; Circles 3 and 4: RNA genes (tRNAs green, sRNAs 
8 red, other RNAs black); Circles 5 and 6: mobile elements; Circle 7: GC content; Circle 8: 
9 GC skew. 
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RNA processing and modification 
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Cell cycle control, cell division, chromosome partitioning 
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Coenzyme transport and metabolism 

Lipid transport and metabolism 

Translation, ribosomal structure and biogenesis 

Transcription 

Replication, recombination and repair 

Cell wall/membrane/envelope biogenesis 

Cell motility 

Posttranslational modification, protein turnover, chaperones 

Inorganic ion transport and metabolism 

Secondary metabolites biosynthesis, transport and catabolism 

General function prediction only 

Function unknown 

Signal transduction mechanisms 

Intracellular trafficking, secretion, and vesicular transport 

Defense mechanisms 

Extracellular structures 

Nuclear structure 

Cytoskeleton 

12 Figure 2. Maximum-likelihood tree of the phylum Acidobacteria subdivisions 1,2,3,4, 
13 5, and 6 (indicated to the right of the group) based on the 16S rRNA gene using 
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1 sequences obtained from cultivated representatives and environmental clones. 
2 Subdivisions 7 and 8 were used as an outgroup (not shown). Strains in which the genome 
3 size was detennined are highlighted in bold typeface. Each gray trapezoid represents a 
4 different subdivision with approximately 5 representative sequences. Internal nodes 
5 support by a bootstrap value of>95% are indicated with a filled circle and> 75% with an 
6 open circle. The scale bar indicates 0.05 changes per nucleotide. 
7 
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Table 1. Paralogs in large-small genome Eairs# 
Classification Large genome Size # genes # paralogs Small genome Size # genes # paralogs 

~Mb~ (% ofgenes~ (Mb2 (% of genes2 
Acido bacteria Strain Ellin 6076 9.97 8002 5426 Strain Ellin 345 5.65 4834 2543 (52.6%) 

(67.8%) 
Alpha Magnetospirillum 9.21 10334 6113 Magnetospirillum 4.97 4667 2428 (52.0%) 
proteobacteria magnetotacticum (59.2%) magneticum 

MS-l* AMB-l 
Alpha Mesorhizobium loti 7.6 7352 4396 Mesorhizobium 4.94 4686 2606 (55.6%) 
proteo bacteria MAFF303099 (59.8%) sp. BNCI 
Beta proteobacteria Ralstonia eutropha 7.42 6702 4395 Ralstonia 5.9 4418 2267 (51.3%) 

H16 (65.6%) solanacearum 
UW551* 

Gamma Hahella chejuensis 7.22 6862 3242 Oceanospirillum 3.87 3735 1721 (46.1%) 
proteobacteria KCTC 2396 (47.2%) sp. MED92* 
Actinobacteria Mycobacterium 6.99 6925 4535 Mycobacterium 3.27 2752 490 (17.8%) 

smes.matis MC2 155 (65.5%l lee.rae TN 
#Data from the Integrated Microbial Genomes (IMG) System; http://img.jgi.doe.goY 
*Draft genome data 



Table 2. Distribution of genes in COG categories for Acidobacteria strains Ellin 6076 and Ellin 
345. Only categories with four-fold or greater differences are shown. 
COG CATEGORY Strain Ellin 6076 Strain Ell in 345 Fold Increase+ 
Information storage and processing 

(L) Replication, recombination, repair 
Site-specific recombinase XerD 
Transposase and inactivated derivalives 

Cellular processes 
(M) Cell walVmembrane biogenesis 

4-amino-4-deoxy-L-arabinose transferase and related 
L-alanine-DL-glutamate epimerase and related 
Periplasmic protease 
Endopolygalacturonase 
Dihydropicolinate synthaselN-acelylneuraminate lyase 
ABC-type polysaccharideJpolyol phosphale export syslem, permease 
ABC-type polysaccharide/polyol phosphate export syslem, ATPase 
Membrane proteins related lo metalloendopeptidases 
Sortase 

(T) Signal transduction mechanisms 
Antirepressor regulating drug resistance, signal transduction compo 
Bacteriophylochrome 

(U) Intracellular trafficking, secretion 
Flp pilus assembly protein, ATPase CpaE 
Flp pilus assembly protein, ATPase CpaF 

(C) Energy production, conversion 
FADIFMN-containing dehydrogenases 
Carbon dioxide conc. mechanism/carboxysome shell proteins 
FOG:HEAT repeat 
Rieske Fe-S protein 
Predicted acetamidaseJformamidase 
Cytochrome b subunit 

(E) Amino acid transport, metabolism 
Lysophospholipase L I and related esterases 
Dihydropicolinate synthase!N-acetylneuraminate lyase 
Choliine dehydrogenase and related 
Spermidine synthase 
Asparagine synthase (glutamate hydrolyzing) 

(G) Carbohydrate transport, metabolism 
Sugar phosphate isomerases/epimerases 
Glucose dehydrogenase 
Gluconolactonase 
Alpha-L-arabinofuranosidase 
Alpha-L-fucosidase 
GlucoseJsorbosone dehydrogcnases 
ABC-type polysaccharide/polyol phosphate export system, permease 
ABC-type polysaccharide/polyol phosphate export system, ATPase 
2,4-dihydroxyhept-2-ene-I,7-dioic acid aldolase 
Beta-xylosidase 
Beta-galactosidase 

(H) Coenzyme transport, metabolism 
2-polyprenyl-3-methyl-5-hydroxy-6-metoxy-1 ,4-benzoquinol 
methylase 
Demethylmenaquinone methyltransferase 

(I) Lipid transport, metabolism 
Carboxyl esterase type B 

(P) Inorganic ion transport, metabolism 
Arylsulfatase A and related enzymes 
Enterochelin esterase and related enzymes 
CYlochrome c peroxidase 

(Q) Secondary metabolites 
Dienelactone hydrolase and related enzymes 
Carbon dioxide conc. mechanism/carboxysome shell proteins 
Protein involved in biosynthesis of mitomycin antibiotics/fumonisin 
Predicted enzyme involved in methoxymalonyl-ACP biosynthesis 

+ Not normalized for genome size 

32 
64 

26 
25 
IJ 
II 
9 
6 
6 
5 
6 

12 
9 

4 
4 

8 
9 
6 
5 
4 
4 

16 
9 
8 
5 
4 

41 
26 
13 
8 
7 
6 
6 
6 
5 
4 
4 

18 
7 

9 

18 
16 
6 

8 
9 
4 
4 

6 5.3 
10 6.4 

7 3.7 
4 6.3 
2 6.5 
0 ;, 11 .0 
2 4.5 
0 > 6.0 
0 > 6.0 
I 5.0 
I 6.0 

3 4.0 
2 4.5 

0 > 4.0 
0 > 4.0 

2 4.0 
0 > 9.0 
0 > 6.0 
0 > 5.0 
0 > 4.0 
0 > 4.0 

I 16.0 
2 4.5 
2 4.0 
0 > 5.0 
0 > 4.0 

6 6.8 
0 > 26 .0 
2 6.5 
2 4.0 
I 7.0 
I 6.0 
0 > 6.0 
0 > 6.0 
0 > 5.0 
0 > 4.0 
I 4.0 

4 4.5 
0 > 7.0 

0 > 9.0 

0 > 18.0 
2 8.0 
0 > 6.0 

I 8.0 
0 > 9.0 
0 > 4.0 
I 4.0 



Table 3. Average genome size of representative acidobacterial strains from 
subdivisions 1, 3 and 4 determined by pulse field gel electrophoresis. 

Mean genomic size ± std. dev. 

Strain 
(Kb) (restriction enzyme Strain reference 
used, number of independent 
determinations) 

Subdivision 1 
A. capsulatum 4,128 Ward et aI., 2009 
"K versatilis", strain Ellin345 5,650 Ward et aI., 2009 
Strain TAA 166 4,036 ± 325 (5waI, n=2) This study 

3,817 ± 128 (PmeI, n=2) 
T roseus, strain KBS 63 2,535 ± 0 (5waI, n=l) This study 

2,292 ± 352 (PmeI, n=2) 
T sp., strain T AA 43 2,069 ± 206 (5waI, n=3) This study 

2,457 ± 221 (PmeI, n=7) 

Subdivision 3 
"5. usitatus", strain ElIin6076 9,967 Ward et aI., 2009 
Strain MPL3 5,869 ± 59 (5waI, n=4) This study 

5,829 ± 58 (PmeI, n=5) 

Subdivision 4 
"Chloroacidobacterium sl!:" ca. 3,500-4,000* This stud,Y: 
*Premilinary pyrosequencing run done by the Joint Genome Institute, Los Alamos. 
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Table S2. exact-tandems output 
exact-tandems output for Ellin 6076 
Finding matches 
Tandem repeats 

Start Extent UnitLen Copies 
76808 64 15 4.3 

201645 48 24 2.0 
297472 39 14 2.8 
622440 31 8 3.9 

1094140 92 36 2.6 
1094305 158 72 2.2 
1146712 42 16 2.6 
1660794 77 36 2.1 
1752151 107 45 2.4 
1752217 143 45 3.2 
2015276 37 14 2.6 
2700665 56 19 2.9 
2804765 54 23 2.3 
2804866 54 24 2.2 
2804905 74 23 3.2 
2805148 114 48 2.4 
2805311 52 22 2.4 
3548924 26 3 8.7 
3878932 41 15 2.7 
4630516 53 21 2.5 
4742596 40 18 2.2 
4742780 90 33 2.7 
5299146 37 12 3.1 
5413935 325 150 2.2 
5473806 36 14 2.6 
5679332 45 17 2.6 
5830824 38 16 2.4 
6536004 53 18 2.9 
7975920 34 14 2.4 
8511223 60 28 2.1 
8649960 548 261 2.1 
9264063 32 8 4.0 

exact-tandems output for Ellin 345 
Finding matches 
Tandem repeats 

Start Extent Uni tLen Copies 
1277502 76 19 4.0 
1277539 76 37 2.1 
1277558 38 18 2.1 
1277576 43 19 2.3 



1277601 75 19 3.9 
1499595 58 29 2.0 
1701738 50 17 2.9 
1899855 94 40 2.4 
1899870 187 80 2 . 3 
2013936 32 7 4.6 
2027213 47 19 2.5 
3127358 41 16 2.6 
3147967 36 12 3.0 
3150267 47 23 2.0 
3155379 365 100 3.6 
3395523 47 22 2.1 
3395578 61 23 2.7 
3545753 42 13 3.2 
3545783 35 13 2.7 
4574596 86 42 2.0 



Table 83. Tandem Repeats Finder output. 

Tandem Repeats Finder Program written by: 
Gary Benson 

Department of Biomathematical Sciences 
Mount Sinai School of Medicine 

Version 4.00 
Please cite: G. Benson, "Tandem repeats finder: a program to analyze 

DNA sequences" Nucleic Acid ReSearch(1999) Vol. 27, No.2, pp. 573-580. 
Sequence: giI116619145IrefINC_008536.11 Solibacter usitatus Ellin6076, 
complete genome Parameters: 2 7 7 80 10 50 500 Length: 9965640 
Tables: 1 2 3 This is table 1 of 3 (302 repeats found) 
Click on indices to view alignment 
Table Explanation 

Indices 

71203--73238 

73244--73277 

76793--76871 

1 1 0 I 00-- I I 0 I 28 

1 16751--116781 

201626--201692 

262319--262351 

279490--279519 

297472 --297510 

305190--305863 
305190--30586) 

306S10--306538 

375576--375623 

441732--441760 
487163--487189 

488842--488881 
531494--531527 

577772--577811 

613 123--613 161 
622440--622470 

769688--769736 

785043 --786055 

Indices 

789675--790781 

800930--802638 

804812--804839 

805353 -- 805498 

829913--831222 

872579--872618 

878216--878245 

917255 - 917284 

926219--926251 

1094095-- 1094483 

Period 
Size 

18 

8 
15 

15 

15 

24 

13 

15 

14 

105 

315 

15 

24 

15 

10 

21 

17 
21 

15 
8 

25 
441 

Period 
Size 

441 

441 

13 

66 

444 

12 

15 

15 

12 

36 

Copy 
Number 

2.0 

4.0 

5.3 

1.9 

2.1 

2.8 

2.5 

2.0 
2.8 

6.4 

2.1 

1.9 

2.0 

1.9 

2.7 

1.9 
2.0 

1.9 

2.6 
3.9 
2.0 

2.3 

Copy 
Number 

2.5 
3.9 
2.2 
2.2 
3.0 

3.3 
2.0 
2.0 
2.8 
10.8 

Consensus 
Size 

18 
I 8 

T 15 
I 15 

I 15 
I 24 

r J3 
r 15 

I 14 

I 105 

r 315 

r 15 

r 24 

r 15 
10 

21 

17 
21 

I 15 
1 8 

r 25 
441 

Consensus 
Size 

r 441 

I 440 
r 13 

I 66 

443 

12 
I 15 

t 15 

I 12 

I 36 

I 

I 
r 
r 

Percent 
Matches 

88 

88 

96 

100 

100 

97 
95 
93 
100 

90 

90 

100 

88 

100 

100 

84 

100 

85 
91 
100 

88 
81 

Percent 
Matches 

80 

89 

100 

82 

87 

82 
93 

93 

95 
90 

Percent 
Indels 

o 
II 

o 
o 
o 
o 
o 
o 
o 
o 
I 

o 
8 

o 
o 
o 
o 
10 

o 
o 
4 
4 

Percent 
Indels 

3 
1 

o 
4 

I 
o 
o 
o 
o 



I 123336-- 1 123384 15 3.3 15 1 85 5 

1129551 -- 1129054 54 1.9 54 r 98 0 

1146712--11 46753 16 2.6 16 100 0 

I 180838-- 1180864 9 3.0 9 I 100 0 

1230004-- 1230046 22 2.0 21 1 81 4 

1253889-- 1253928 21 1.9 21 I 84 0 

1253882-- 1 ')53941 30 2.0 30 r 90 0 

13 12088-- 13 121 31 6 7.3 6 r 81 0 

1312882-- 1312921 15 2 .7 15 r 88 0 

1 J 16543--1316567 13 1.9 13 I 100 0 

1371036-- 1371063 14 2.0 14 r 100 0 

151 1245-- 151 1285 18 2.3 18 I 80 16 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 

1553927-- 1553966 15 2.7 15 88 0 

1638816-- 1638849 16 2.1 16 94 0 

1654056-- 1654088 15 2.1 16 88 5 

1660578-- 1660890 36 8.7 36 90 2 

1660875-- 1 fi61 00 I 36 3.5 36 84 2 

1660626-- 1660927 72 4.2 72 87 3 

166097~--1661026 27 2.0 27 92 0 

1661094-- 1661188 27 3.5 27 r 81 8 

1702542-- 1702571 15 2.0 15 r 93 0 

1723885-- I72J960 24 3.1 r 25 r 92 5 

1752074-- 1752:!;22 45 7.9 r 45 I 94 0 

T 
- -1 181 130 1-- 181 134~ 14 3.1 14 93 3 

2015176--2015312 14 2.6 I 14 r 100 0 

2087043--2087072 15 2.0 r 15 r 93 0 

2114418--2114465 22 2.1 I 23 r 88 3 

2153156--2153191 18 2.0 I 18 r 88 0 

2199266--2199225 15 2.0 r 15 

f 
93 0 

2431519--2431552 16 2.1 r 16 94 0 

2457936--2457966 15 2. 1 15 I 93 0 

2529291 - 2529543 116 2.2 115 I 85 2 

2593308--2596766 276 12.5 274 I 83 5 .,. 
2623498--2623539 21 2.0 22 I 85 4 

Indices 
Period Copy Consensus 

f 
Percent Percent 

Size Number Size Matches Indels 

2700665--2700720 19 2.9 19 I 100 0 

2804 739--2H05469 23 32.2 23 I 82 8 

2805042-2805075 17 2.0 17 I 94 0 

2804732--2 805466 318 2.3 r 313 84 5 

2884352- 2884742 195 2.0 r 196 I 96 0 

2962394--2962432 12 3.3 12 1 92 0 

3031374--3031405 16 1.9 17 I 93 6 

3037855--3037883 15 1.9 15 r 100 0 

3272788--3212814 14 1.9 14 r 100 0 

32742~9- -3214435 101 1.8 102 89 2 

3352036--3352119 31 2.8 30 89 3 



J3,52036--~352126 15 6.0 f 15 88 2 

33.22046- 33.22133 46 1.9 f 46 88 0 

338X63 1--3388673 15 2.8 f 15 92 3 

342475 1--3424781 12 2.6 I 12 94 0 

3477~73--)4c77650 18 4.3 r 18 78 0 

3477573--;347705Q 36 2.2 36 85 0 

3548924- 3548949 3 8.7 3 100 0 

362221 1--362?238 14 2.0 14 100 0 

36593)4--3659~74 116 2.1 116 85 4 

3739813--3739952 54 2.6 54 76 8 

3768701 --3768731 15 2.1 15 93 0 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 

3878932--3878912 15 2.7 15 100 0 

3888245--3888918 279 2.4 279 89 2 

39Q4923- 390498I 15 3.9 15 86 0 

3942684--3949726 23 1.9 23 85 4 

3960439--3960478 22 1.9 22 85 10 

3966986--396702,2 15 2.6 16 81 18 

3969105--3969 138 15 2.3 15 94 0 

3976(261--3976734 24 3.1 24 82 0 

4042077 --4042703 12 2.3 12 100 0 

410 1827--4 101856 15 2.0 15 93 0 

411 1428--4 1 114c~4 13 2.1 13 100 0 

4271231 --427128 1 24 2.1 24 86 13 

427 1235--427 I 283 12 4.1 12 80 17 

4271411 --4271438 12 2.3 12 100 0 

43.27903 --4357927 12 2.1 12 100 0 

4366544--436659Q 24 2.0 24 91 0 

4366615--4366663 24 2.0 24 92 0 

4.242820--4.242853 15 2.3 15 94 0 

45X2,528-4582552 12 2.1 12 100 0 

4584185--4584221 15 7.1 15 78 4 

4592688--4592752 18 3.6 17 70 15 

459279 1- 4592834 18 2.4 18 92 0 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 

4,292787 --4592848 18 3.4 f 18 84 4 

4605632--4605666 15 2.3 15 90 0 

4605729--:H'iO!i768 14 2.9 14 92 0 
4608445--4608480 15 2.4 15 90 0 

4630509--4630568 21 2.8 r 21 97 2 

4681472--4681517 21 2.2 f 21 84 7 

4688584--4688646 18 3.5 18 80 0 

469792 1--4697963 18 2.4 18 84 7 

4724031--4:Z24072 22 1.9 22 90 9 

4742478--47425 Hi 15 2.6 15 95 0 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 



4742602--47426~4 6 5.5 6 86 13 
4742596--474263~ 18 2.2 18 100 0 
4742731 --474290 I 33 5.2 33 88 3 

47427BQ--4742883 15 6.5 15 79 14 

4742780--4742910 18 7.8 18 78 14 

4742810--47429QO 15 5.7 15 69 19 

48 I 3579- 4l< 13634 18 3. 1 17 78 17 
4815214--4815254 21 2.0 21 85 0 

4815276--4815326 24 2.1 24 89 7 

48 I 53QO--4!:lI 'i365 30 2.2 30 88 0 

4851 169--4 51 198 15 1.9 15 93 6 

487 663Q--48 7 6664 17 2.1 17 88 0 

4945918--494,2947 15 2.0 15 100 0 

5025791 --,502,2462 21 8.2 21 81 3 

5025291 --,2025462 42 4.1 42 80 1 

5025322- -502~462 63 2.2 63 83 2 

5026225--5027077 249 3.4 248 86 3 

5031894-5031921 14 2.0 14 100 0 

5034646-5034674 10 3.0 10 95 5 

5142843- 5142868 13 2.0 13 100 0 

5208765--,2208820 27 2.2 26 84 9 

~223181--5223210 15 2.0 15 93 0 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 

5278140--5278177 17 2.2 18 85 4 

529913()- 5299182 12 3.9 12 I 94 0 

5299713--5299755 21 2. 1 20 I 86 4 

5292758- 5299874 12 5.6 12 

1 
76 0 

5299766--5299824 24 2.5 24 91 0 

5324592--5324627 18 1.9 19 88 5 

5376031 --5376013 18 2.4 18 84 0 

5402134--5402184 21 2.3 23 83 12 

5413409--5413455 24 2.0 23 83 4 

;5413349--5413.:156 114 1.8 114 95 0 

5413474- 541352,2 24 2.2 24 82 6 

5413463--5413638 84 2.1 84 90 0 

5413576- 5413622 24 2.0 24 100 0 

5413547--,5413752 114 1.8 114 96 0 

;5413663--5413 709 24 2.0 24 83 8 

5413690--541 '3727 12 3.2 12 78 14 

5413677--5413733 24 2.4 24 88 5 

5413349--5413784 198 2.2 198 89 0 

5413811-5414552 150 4.9 149 90 I 

5414500--5414671 78 2.2 78 82 6 

5467939--5468()8Q 161 4.7 J61 88 2 

5473800--5413841 14 3.0 14 96 0 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches lndels 

5554496--5554535 21 1.9 21 84 0 



5652141 --5659167 9 3.0 I 9 100 0 

5679 197 --5679620 17 25.1 1 17 87 0 

~723774--~72J809 16 2.2 I 17 95 5 

5726680--5726727 23 2.0 25 84 8 

5736762--!i736808 24 1.9 24 82 4 

~7~9889--~7 )2918 14 2.1 14 100 0 

580J760--~803 799 15 2.7 15 96 0 

580J7~6-58Q3808 15 3.5 15 87 5 

!i~3Q816--~830861 8 5.8 I 8 92 0 

~8 30816--5830861 16 2.9 r 16 96 0 

5830814--583086 1 24 2.0 r 24 95 0 

5858092--5858 1 18 13 2.1 13 100 0 

5890200--5890921 252 2.9 250 82 3 

5890351 --582 1 Q 14 252 2.6 252 82 2 

5925204--5925412 116 1.8 116 86 2 

599775~--5997983 126 1.8 126 87 3 

6026875--6026908 16 2.1 16 100 0 

6052881--6052920 21 1.9 21 85 10 

6059656--6059682 13 2.1 13 100 0 

6 107659--6107697 19 2.0 20 85 5 
. . 

6154938--6 154993 18 2.9 18 75 14 

Indices 
Period Copy Consensus Percent Percent 

Size Number Size Matches Indels 

6 1 626~6--6169682 12 2.3 12 JOO 0 

6 1 85416--618~442 17 1.9 18 88 5 

6207683--6207737 24 2.3 I 23 82 14 

6402096--6402 139 15 2.9 r 15 89 0 

6438022--6438071 24 2.2 1 22 89 10 

64464~9--64464 75 14 1.9 I 14 100 0 

6467834--6467884 24 2.1 23 96 0 

64§7849--6467927 24 3.3 24 90 0 

65 16654- 65 16684 15 2. 1 15 93 0 

6535990--65:36247 18 14.4 18 81 2 

661{,! 159--{'!Q7620~ 24 2.0 23 82 8 

Q770836--6710876 18 2.5 17 81 14 

6771364--Q71I~55 36 2.6 36 83 10 

6771364--677 t 4.58 18 5.3 18 75 7 

677 1364--677 1468 36 2.9 36 84 8 

677 1457 --6.771550 18 5.2 18 78 0 

677 1475--6771536 9 6.9 9 79 0 

67713.62--6771554 27 7. 1 27 74 10 

6771457--6771550 36 2.6 36 86 0 

6785739--6785767 12 2.3 13 94 5 

6802459--68025Q9 25 2.0 25 88 0 

fi802170--6802509 13 3.2 13 85 7 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 

680217 1--680251 1 12 3.3 12 89 3 

6855454--68~55Q5 15 3.7 15 77 15 



6855430--68~55 1 J 27 3.2 26 85 8 

6855430--6855556 12 9 .8 12 72 17 

68'ij42J --6855566 27 2.9 27 80 6 
6855430--6H55587 66 2.4 66 83 2 

6930827--6931068 89 2.7 87 1 93 I 

6Y57935--6957972 20 1.9 20 I 94 0 

7057506--7057545 21 1.9 21 I 84 0 

7179921 --7 179963 15 2.9 15 85 0 

7185208--7185275 18 3.8 18 92 0 

Z22~Q58--7228877 264 3 .1 263 83 3 

72365 I 1--7236545 15 2.3 15 85 0 

72~0865--7250899 18 1.9 18 100 0 

7)759ZZ--1~76011 18 1.9 18 94 0 

7376040--7316104 30 2.2 30 81 15 

7376028- 7376104 21 3.4 21 74 19 

7376244--7376290 12 3.6 13 80 13 

7395547--7395576 14 2.1 14 93 0 

7398233--7398271 15 2.4 17 87 12 

74H9649--74897o.O 21 2.5 21 90 0 

7525717--7525716 17 3.4 18 81 6 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 

7582905--7584339 381 3.8 383 93 2 

7589088- 7589173 23 3.7 23 87 3 

759095Q-7~91018 25 2.9 23 77 8 

7fi66294- 7666333 18 2.2 18 86 8 

7708488--7708523 15 2.4 15 95 0 

7718779--77188? I 21 2.0 21 81 0 

7809760--7809803 23 2.0 23 86 13 

7826580--7826605 13 2.0 13 100 0 

7829560--7829602 12 3 .6 12 93 0 

7930022 - 7930125 17 2.0 17 94 0 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 

797590.6-7975992 13 6.5 13 88 2 

7980304--79803:1:3 21 2.0 20 85 5 

8009559--8009646 27 3.3 27 70 12 

8009573--8009607 18 1.9 18 94 0 

80 18287 --80 I H3 I 1 12 2.1 12 100 0 

8054098--8054228 9 14.2 9 74 7 

8054119-8054228 27 4.0 27 77 6 

8054097-8054228 18 7.7 18 74 13 

8Q54 145- 8054249 48 2.2 47 79 5 

8055154--80~5221 27 2.5 27 80 0 

8055148--8055215 9 7.6 9 76 0 

80.55147- 80.552 I? 18 3.7 18 87 0 

8055151 --80.55233 36 2.3 36 85 0 

80.55238--8055973 19 1.9 19 94 5 

8061350--8061395 24 1.9 24 86 0 



8092292--8 I 00467 417 2.8 417 97 0 

8 198 1 84--8 1982 17 18 L.9 18 88 5 

82085 13--R208545 16 2.1 15 94 5 

825Q~22--a25Q379 19 3.0 19 80 5 

8296605--8226630 13 2.0 13 100 0 

8353? 53--8353317 21 3.2 21 71 20 

8353241 --8353326 39 2.2 39 85 0 

Indices 
Period Copy Consensus Percent Percent 

Size Number Size Matches Indels 

8409743--8402767 12 2.1 12 100 0 

8446533--8446557 12 2.1 12 100 0 

846 193,5--8461966 15 2.1 15 94 0 

84904 79--8~90758 105 2.7 105 80 5 

8490569--8490797 105 2.2 105 82 1 

8510560--8510584 12 2.1 12 100 0 

851 1220--85 I 1309 11 9.1 11 81 14 

85 11218--8511299 28 3.0 28 96 I 

8534240--8535008 23 2.9 24 80 6 

8541172--8543 197 381 3.7 383 92 

8649649--8653 102 261 13.2 260 90 I 

8760258--8700291 12 2.8 12 86 0 

8768981--81690 16 10 3.0 r 10 95 0 

8780275--878 1007 16 2.0 I 17 88 5 

819328J·-8793J I I 15 1.9 15 100 0 

879863 1--87986/18 IS 2.6 14 88 12 

8818178--88 18202 10 2.5 10 100 0 

896 10/1 I --896 1 Q90 15 2.0 15 93 0 

8972759--8972799 14 2.9 14 92 0 

8982641 --8982672 17 2.0 17 88 II 

90340 13--9034Q48 18 2.0 18 94 0 

9038525 --903R562 19 2.0 20 84 5 

Indices 
Period Copy Consensus Percent Percent 
Size Number Size Matches Indels 

9264063--9264094 8 4 .0 8 100 0 

944744 1--9447487 24 1.9 25 86 4 

9554336--9554458 23 5.3 23 78 3 

9554323--9554458 46 3.0 46 74 I 

9557064- 9557149 23 3.7 23 87 3 

9589246--9589292 21 2.3 21 85 3 

9602289--9602325 18 2.1 18 100 0 

9636588--2fi36664 15 5.3 15 77 14 

9636588--963fi673 42 2.0 42 86 0 

9636676- 96Jfi728 27 2.0 27 84 0 

969 1508--969 1534 13 2.1 13 100 0 

97700 19--9770Q60 18 2.5 17 78 14 

9770029--9770Q64 18 2.1 17 89 5 

97709SR--977 I 0 12 12 2.1 12 100 0 

987Q866--98709 13 24 2.0 23 84 II 

98R6255--98863 10 24 2.4 23 77 16 



9941891--9941929 18 2.2 18 86 9 
9955127 --9955155 10 2.9 ]0 100 0 

The End! 

Tandem Repeats Finder Program written by: 
Gary Benson 

Department of Biomathematical Sciences 
Mount Sinai School of Medicine 

Version 4.00 
Please cite: G. Benson, "Tandem repeats finder: a program to analyze 

DNA sequences" Nucleic Acid ReSearch(1999) Vol. 27, No. 2, pp. 573-580. 
Sequence: g i I949670 31 IrefINC_008009.11 Acidobacteria bacterium 
Ellin345, complete genome Parameters: 2 7 7 80 10 50 500 Length: 
5650368 
Tables: 1 2 This is table 1 of 2 154 repeats found 
Click on indices to view alignment 
Table .xplanation 

Indices 
Period Copy Consensus Percent Percent 

Score A C G T 
Entropy 

Size Number Size Matches Indels (0-2) 
~QR76-83915 16 2.3 19 70 25 50 37 22 30 10 1.87 
H~8B 1- 83915 16 2.2 16 94 0 61 40 20 28 II 1.87 
2739Q--975 12 53 2.3 53 78 10 135 17 24 27 30 1.97 

122824-- 22 2.0 22 90 0 70 15 20 38 25 1.92 
122867 

314316-- 18 3.1 18 72 24 52 4 25 48 20 1.70 314377 
484065-- 16 1.9 16 93 0 53 12 19 45 22 1.84 
484095 

601921 -- 31 2.9 31 83 10 119 23 17 28 30 1.97 
602008 

601921 - 29 3.0 29 86 6 115 23 17 28 30 1.97 
60200R 

603246-- 18 1.9 18 88 5 52 17 32 32 17 1.94 
603279 

607986-- 51 3.6 50 76 13 184 20 32 24 22 1.98 
608172 

676899-- 39 1.9 39 83 0 96 5 33 24 37 1.78 
676973 

676971 - 15 3.9 15 79 0 55 6 27 28 37 1.82 
677029 

791899- 19 2.0 19 85 10 51 18 34 18 28 1.95 
791936 

1067330-- 24 2.4 24 85 5 71 10 21 38 29 1.87 
I0613Rf:i 

10()7349-- 24 2.0 . 24 91 0 
1067395 

76 12 19 40 27 1.88 

1101330-- 15 1.9 
1101 358 

15 100 0 58 0 20 44 34 1.52 

12Z7426-- 19 13.7 19 94 0 
1277684 

403 27 37 18 16 1.92 



1296500-­
I 296'i29 

1499595--
1499702 

1500338--
1500367 

1515fiI8--
1515642 

15567] 1--
1556778 

Indices 

1701625--
1701787 

1701626--
1701789 

1709050--
1709080 

1711164--
1711243 

1711173--
1711261 

17112~3--

1711294 

1773814--
1773851 

1774041 --
1774085 

1774283-
1774323 

1775201 --
1775243 

1804645--
1804763 

1817553-
1817593 

1899850--
1900062 

1899969--
19002)8 

1900122--
1900216 

1900936--
1900978 

1900936--
1900990 

1901090--
1901137 

1901101--
1901153 

1900985--
1901274 

14 

29 

15 

9 

24 

Period 
Size 

17 

34 

16 

27 

27 

21 

18 

21 

21 

18 

53 

12 

40 

153 

40 

21 

18 

21 

21 

157 

2.1 15 93 

3~ 29 93 

1.9 16 93 

2.8 9 100 

2D 24 87 

Copy Consensus Percent 
Number Size Matches 

9.6 17 88 

4.8 34 90 

1.9 16 100 

3.1 25 80 

3.7 24 76 

3.0 21 80 

2. 1 19 85 

2.1 21 83 

2.0 21 85 

2.4 18 81 

2.2 54 85 

3.4 12 79 

5.3 40 97 

1.9 154 91 

2.4 40 89 

2.0 21 95 

2.8 20 83 

2.3 21 96 

2.5 21 87 

1.8 158 96 

6 

2 

6 

o 

o 
Percent 
Indels 

2 

4 

o 

10 

12 

4 

5 

o 

o 

14 

4 

o 

o 

o 

o 

o 

8 

o 

o 

o 

53 30 IO 33 26 

171 31 25 24 19 

53 30 23 33 13 

50 36 20 44 0 

69 25 31 29 14 

Score A C G T 

206 29 22 27 20 

251 29 21 27 21 

62 16 32 32 19 

8 I 5 23 53 17 

76 6 24 50 17 

72 12 22 48 16 

51 28 34 26 IO 

54 II 33 44 II 

55 12 31 4114 

61 44 6 46 2 

170 26 21 25 26 

55 0 29 36 34 

390 15 39 24 19 

483 16 37 24 22 

136 18 35 25 20 

77 6 58 25 9 

69 10 56 21 10 

87 18 41 16 22 

70 20 37 16 24 

537 15 40 22 21 

1.89 

1.98 

1.93 

1.52 

1.95 

Entropy 
(0-2) 

1.98 

1.98 

1.94 

1.63 

1.70 

1.80 

1.90 

1.75 

1.83 

1.43 

2.00 

1.58 

1.91 

1.94 

1.95 

1.54 

1.64 

1.90 

1.93 

1.91 



1901111--
1901660 

2013936-
2013972 

Indices 

2027213--
2027311 

2017194--
2027311 

2074551 --
2074587 

2081061--
2081251 

2275512--
2275557 

2383365--
2383397 

2394840 n 

2394872 

2394837--
2394872 

2445706--
2445738 

2496819--
2496865 

2519051--
2519389 

2519074--
2519389 

2529004--
2529046 

2766552 n 

2766613 
2795933 n 

2795972 

2829027-
2829073 

2829804--
2829810 

2829803--
2829905 

2847R57-
2847902 

2958576 n 

_958607 

2999085--
29991 J3 

3002861- -
3002974 

Indices 

137 

7 

Period 
Size 

19 

37 

13 

83 

18 

17 

6 

18 

17 

24 

36 

72 

15 

23 

18 

21 

40 

41 

15 

15 

15 

39 

Period 
Size 

4.0 

5.3 

Copy 
Number 

5.3 

3.2 

2.8 

2.3 

2.6 

2.0 

5.5 

2.0 

1.9 

2.0 

9.5 

4.4 

3.0 

2.7 

2.2 

2.2 

2.0 

2.5 

3.1 

2. 1 

1.9 

136 

7 

Consensus 
Size 

19 

37 

13 

83 

18 

17 

6 

18 

17 

24 

35 

71 

14 

23 

19 

21 

41 

40 

15 

16 

15 

91 

96 

Percent 
Matches 

90 

86 

95 

96 

85 

88 

92 

100 

JOO 

86 

80 

92 

86 

82 

86 

88 

92 

85 

93 

94 

100 

3.0 38 85 

Copy Consensus Percent 
Number Size Matches 

3 

o 
Percent 
Indels 

2 

2 

o 

o 

o 

5 

o 

o 

o 

o 

8 

2 

13 

o 

4 

7 

2 

6 

5 

o 

5 

Percent 
Inde1s 

867 17 38 21 22 1.93 

65 59 29 0 JO 1.31 

Score 

146 

155 

65 

346 

65 

50 

A C G T 

24 18 39 18 

24 20 37 17 

10 21 35 32 

21 24 38 15 

34 30 26 8 

o 33 39 27 

Entropy 
(0-2) 

1.92 

1.94 

1.88 

1.92 

1.86 

1.57 

57 66 21 0 12 1.23 

72 66 22 0 I I 1.22 

66 18 36 27 18 1.94 

67 25 8 55 JO 1.62 

369 14 31 32 21 1.93 

474 13 32 32 21 1.92 

61 44 16 39 0 1.48 

79 8 27 22 41 1.82 

55 20 30 40 JO 1.85 

69 6 27 38 27 1.81 

135 12 37 25 25 1.91 

134 12 36 28 22 1.91 

76 19 26 26 28 1.99 

57 37 28 31 3 

58 13 48 31 6 

158 22 21 30 25 

Score A C G T 

1.73 

1.69 

1.99 

Entropy 
(0-2) 



3002875--
3002981 

30149) 1--
3014970 

3021632--
3021997 

3 I 273'i8--
3127398 

3141023--
3141090 

3147956--
3148002 

3148059--
3148175 

3150262--
31503 \3 

3155211--
3155265 

3155?53--
3155740 

3155251--
3155743 

3290118--
3290176 

3290122--
3290175 

3290122--
3290177 

3298304--
3298362 

3298341--
3298368 

3298348-
3298387 

3310179--
3310212 

3341726--
3341824 

3395523--
3395660 

3430093--
3430266 

3430136--
3430226 

Indices 

3432615--
3432788 

3434559--
3434740 

3434595--
3434740 

39 

18 

93 

16 

19 

12 

54 

23 

20 

51 

100 

12 

23 

10 

12 

12 

12 

17 

43 

23 

55 

18 

Period 
Size 

81 

18 

35 

2.8 

2.2 

3.9 

2.6 

3.6 

3.9 

2.1 

2.2 

2.8 

9.7 

4.9 

5.3 

2.5 

5.2 

4.8 

2.3 

3.3 

1.9 

2.3 

6.1 

3.1 

5.1 

Copy 
Number 

2.1 

10.2 

4.1 

38 

19 

94 

16 

19 

12 

55 

23 

20 

51 

LOO 

12 

22 

10 

12 

12 

12 

17 

44 

23 

55 

17 

Consensus 
Size 

82 

17 

35 

87 

86 

79 

100 

87 

94 

90 

96 

81 

87 

96 

75 

90 

80 

80 

WO 

89 

88 

87 

96 

91 

72 

Percent 
Matches 

95 

76 

88 

2 

4 

11 

o 

o 

o 

4 

3 

8 

3 

20 

6 

20 

12 

o 

o 

5 

5 

o 

4 

17 

Percent 
Indels 

10 

5 

160 

55 

439 

82 

100 

76 

184 

95 

58 

704 

874 

65 

83 

60 

66 

56 

53 

50 

141 

237 

262 

78 

Score 

314 

159 

188 

24 22 30 22 

20 27 12 40 

15 40 23 20 

4 39 36 19 

17 26 26 29 

21 17 36 25 

29 34 23 12 

19 53 9 17 

9 29 21 40 

19 31 26 22 

19 32 25 22 

35 13 42 8 

38 12 38 9 

39 12 39 8 

20 37 20 22 

21 32 25 21 

22 22 27 27 

20 23 44 II 

24 26 31 18 

41 21 23 14 

16 26 25 32 

15 27 25 31 

A C G T 

14 44 20 19 

II 45 18 24 

II 45 17 24 

1.99 

1.88 

1.90 

1.73 

1.98 

1.94 

1.92 

1.70 

1.84 

1.98 

1.97 

1.75 

1.76 

1.75 

1.95 

1.98 

1.99 

1.84 

1.97 

1.89 

1.96 

1.95 

Entropy 
(0-2) 

1.86 

1.82 

1.82 



3525930--
1526094 

353210 --
3532346 

3539657--
3539781 

3545753-
3545817 

367! 253--
3671485 

3773250--
3773340 

3851358--
3851482 

3855073--
3855786 

3855tilJ3--
3855786 

3978197--
3978231 

4109380--
4109410 

4139697--
4139734 

4149899--
4149946 

4?28068--
4?2X108 

422807R--
4228124 

4228090--
4228114 

4233553-
4?34132 

4251746--
425178 1 

4301541 --
4]01570 

Indices 

4307335--
4307376 

4395568--
4395593 

4445912--
4445936 

4574368--
4574459 

4574542--
4574801 

4574542--
45748QI 

83 

92 

53 

13 

86 

33 

53 

40 

40 

18 

16 

18 

22 

II 

21 

12 

279 

18 

14 

Period 
Size 

18 

12 

II 

42 

42 

84 

2.0 83 85 

2.6 93 91 

2.4 53 82 

5.0 13 98 

2.7 86 89 

2.6 32 89 

2.4 52 89 

2.9 38 89 

2.3 41 98 

1.9 18 88 

2.0 16 93 

2.1 19 85 

2.3 20 78 

3.7 II 86 

2.3 20 82 

2.1 12 100 

2.1 279 85 

.1.9 19 88 

2.1 14 93 

Copy Consensus Percent 
Number Size Matches 

2.3 18 87 

2.2 12 100 

2.3 II 100 

2.2 42 84 

6.2 42 83 

3.1 84 82 

2 

4 

5 

o 

2 

9 

4 

8 

o 

6 

5 

7 

o 

10 

o 

2 

5 

o 
Percent 
Indels 

o 

o 

o 

o 

o 

o 

224 17 26 38 18 1.92 

385 19 25 38 16 1.93 

155 24 27 22 26 2.00 

112 30 18 35 15 1.92 

324 22 22 32 22 1.98 

127 7 37 18 36 1.78 

198 20 28 25 26 1.99 

135 24 28 24 21 1.99 

181 25 29 23 21 1.99 

52 20 17 42 20 1.89 

55 22 12 38 25 1.90 

51 18 15 39 26 1.91 

51 22 52 14 10 1.72 

55 31 17 48 2 1.60 

58 31 14 46 6 1.70 

50 32 8 52 8 1.60 

779 17 25 33 23 1.97 

56 30 30 27 II 1.91 

51 16 6 43 33 

Score A C G T 

1.74 

Entropy 
(0-2) 

57 35 30 16 16 1.92 

52 50 34 7 7 1.60 

50 0 40 28 32 1.57 

112 20 26 35 17 1.95 

241 18 29 38 14 1.90 

268 18 29 38 14 1.90 



4574548--
4574783 

4591804--
4591837 

4599571 --
4599644 

4599571--
4599653 

Indices 

4600188--
4600220 

4637641 --
4637670 

4683698--
4683740 

4683707--
4683741 

4693937--
4694068 

4709766--
4709800 

4735656--
4735690 

4743935--
4743963 

4744276--
4744328 

4826467--
4826497 

4827957--
4828010 

482847H--
4828526 

4922124--
4922400 

49290RO--
4929110 

4943504--
4943533 

5065866--
5065897 

5122698--
5122739 

5 1 56690n 

5156872 
51561'l90u 

5156872 
5156690--
5156872 

5173085--
5173118 

126 

15 

21 

42 

Period 
Size 

12 

12 

18 

18 

48 

18 

18 

15 

21 

15 

24 

18 

136 

15 

15 

16 

18 

26 

51 

77 

15 

1.9 

2.3 

3.5 

2.0 

Copy 
Number 

2.8 

2.5 

2.4 

1.9 

2.8 

1.9 

1.9 

1.9 

2.3 

2.0 

2.3 

2.7 

2.0 

2.1 

2.0 

2.0 

2.4 

7.1 

3.6 

2.4 

2.3 

126 

15 

20 

42 

Consensus 
Size 

12 

12 

17 

18 

48 

18 

18 

15 

24 

16 

24 

18 

135 

15 

15 

16 

18 

26 

52 

77 

15 

86 

94 

83 

83 

Percent 
Matches 

90 

100 

85 

94 

89 

88 

88 

100 

81 

93 

87 

77 

91 

100 

100 

100 

84 

86 

83 

88 

94 

o 

o 

3 

4 

Percent 
Indels 

o 

o 

II 

o 

2 

o 

o 

o 

9 

6 

6 

o 

3 

o 

o 

o 

7 

4 

4 

o 

337 18 29 37 15 

59 0 14 35 50 

76 6 39 18 35 

105 7 39 19 33 

Score A C G T 

57 15 6 33 45 

60 56 20 23 0 

59 27 27 27 16 

61 31 25 25 17 

203 14 26 30 28 

52 [I 40 28 20 

52 5 31 31 31 

58 27 41 20 10 

67 I [ 22 50 15 

55 6 19 58 16 

74 29 37 27 5 

62 0 26 55 18 

450 25 21 32 19 

62 45 12 6 35 

60 26 33 20 20 

64 18 43 18 18 

52 30 30 19 19 

228 16 32 22 27 

237 [6 32 22 27 

269 16 32 22 27 

59 23 52 17 5 

1.91 

1.44 

1.78 

1.79 

Entropy 
(0-2) 

1.70 

1.42 

1.97 

1.97 

1.95 

11.87 

1.85 

1.75 

1.59 

1.80 

1.43 

1.97 

1.68 

1.97 

1.88 

1.96 

1.96 

1.96 

1.96 

1.66 



5IX9420-- 52 2.5 53 95 5 239 26 28 23 21 1.99 51R9549 

Indices 
Period Copy Consensus Percent Percent 

Score A C G T 
Entropy 

Size Number Size Matches Indels (0-2) 
5225928-- 15 2.1 15 93 0 53 38 9 35 16 1.81 5225958 
5242882-- 18 1.9 18 88 0 52 8 34 34 22 1.85 5242916 
5296354-- 24 2.4 23 85 8 69 10 7 32 49 1.65 
522640H 

5398849-- 25 3.2 25 75 13 99 II 34 29 25 1.91 539H927 
5398825-- 50 3.0 50 88 0 214 15 30 25 28 1.96 53<.)8976 
5398859-- 25 3.4 25 78 12 III 12 34 28 24 1.92 
5398943 

5415529-- 24 3.9 24 92 0 159 29 35 19 16 1.93 5415621 
5476028-- 59 3.0 59 95 0 316 20 32 28 18 1.96 5476203 
5525289-- 17 1.9 17 93 0 57 15 27 9 48 1.74 
5525321 

5529559-- 32 4.6 31 87 4 193 30 23 26 19 1.98 ,;i529703 
5529559-- 63 2.3 62 84 4 193 30 23 26 19 1.98 
5529103 

5540511 -- 34 3.2 35 89 5 172 26 33 18 21 1.96 
5540620 

The End! 



Table S4. Inverted Repeats Finder output 

Inverted Repeats Finder Program writen by: 

Gary Benson 
Department of Biomathematical Sciences 
Mount Sinai School of Medicine 
Version 3.05 

Sequence: giI116619145IrefINC_008536.11 Solibacter usitatus Ellin6076, 
complete genome 

Parameters: 2 3 5 80 10 40 500000 10000 -d -h -t4 74 -t5 493 -t7 10000 

35228 35261 34 35284 35317 34 22 94.1176 0.0000 58 44.1176 55.8824 43.7500 
56.2500 0.0000 70545 70545 TCTCGCAGAGGACGCGGAGATCGCAGAGAAAACC 
GGTTTTCTTTGCGATCTCTGCGTCCTCTGCGAGA 
73061 73107 47 73123 73169 47 15 80.8511 0.0000 49 54.2553 45.7447 55.2632 
44.7368 0.0000 146230 146230 
AAACACATTTCTCGCAGAGACGCAGAGACGCAGAAAACCGCAAAGAA 
TTCTTTGCGTTACTTTGCGGCTTTGCGCCTTTGCGAGAAATGTCTTT 
73060 73161 102 73192 73290 99 30 82.3529 2.9412 108 51.2438 48.7562 
51.1905 48 .8095 0.0000 146353 146350 
CAAACACATTTCTCGCAGAGACGCAGAGACGCAGAAAACCGCAAAGAAAACCTGAAGTCTTTCTTCTTTGCGTTA 
CTTTGCGGCTTTGCGCCTTTGCGAGAA 
TTCTCGCAAAGCCGCAAAGACGCAGAGAACCGCAAAGAAGAAGAGAAAGTTTTCTCTGCGTTACTCTGCGTCTCT 
GCGTCTCTGCGAGAACCGTCTTTG 
73185 73230 46 73243 73288 46 12 82.6087 0.0000 52 47.8261 52 .1739 47.3684 
52.6316 0.0000 146473 146473 AAAACCGTTCTCGCAAAGCCGCAAAGACGCAGAGAACCGCAAAGAA 
TTCTCTGCGTTACTCTGCGTCTCTGCGTCTCTGCGAGAACCGTCTT 
100543 100581 39 100611 100649 39 29 82.0513 0.0000 43 35.8974 64.1026 
37.5000 62.5000 0.0000 201192 201192 
CGCCATCGGAGCCGCGACCGTGAGGGAGCGGTTGCTAAT 
ATTACCGACCGCTCCTTAACAGTCGCGGCTCGCATGGCG 
161405 161448 44 161476 161519 44 27 81.8182 0.0000 48 54.5455 45.4545 
58.3333 41.6667 0.0000 322924 322924 
TTTTCTCGCAAAGCTGCAAAGCCGCAAAGTTTCGCCAAGAACAA 
TTTTTGTTCGCGTTACTTTGCGCCTTTGCGCCTTTGCGAGAAAA 
165844 165885 42 165898 165938 41 12 80.9524 2.3810 42 46.9880 53.0120 
44.1176 55.8824 0 .0000 331783 331782 
TTCTCGCAGAGACGCAGAGCCGCAGAGAAGCGCCAAGAAGAA 
TTCTCTTTGCGTTACTTTGCGGCTTTGCGGCTTTGCGAGAA 
165901 165938 38 166000 166037 38 61 92.1053 0.0000 61 47.3684 52.6316 
45.7143 54.2857 0.0000 331938 331938 TCTTTGCGTTACTTTGCGGCTTTGCGGCTTTGCGAGAA 
TTCTCGCAAAGCCGCAAAGCCGCAAAGAACCGCCAAGA 



165844 165885 42 166068 166109 42 182 85.7143 0.0000 54 42.8571 57.1429 
44.4444 55.5556 0.0000 331953 331953 
TTCTCGCAGAGACGCAGAGCCGCAGAGAAGCGCCAAGAAGAA 
TTTTTCTCCGCGGTTCTCTGCGTCTCTGCGGCTCTGCGAGAA 
165997 166044 48 166065 166112 48 20 81.2500 0.0000 51 46.8750 53.1250 
48.7179 51.2821 0.0000 332109 332109 
CTGTTCTCGCAAAGCCGCAAAGCCGCAAAGAACCGCCAAGAACAAGAA 
TTGTTTTTCTCCGCGGTTCTCTGCGTCTCTGCGGCTCTGCGAGAAAAG 
394698 394726 29 394745 394773 29 18 96.5517 0.0000 53 43.1034 56.8966 
42.8571 57.1429 0.0000 789471 789471 CGCAGAGCCGCAGAGTCACGCAGAGAAAA 
TTTTCTCTGCGTGACTCTGCGGCTTTGCG 
462014 462083 70 462095 462163 69 11 78.5714 1.4286 63 32.3741 67.6259 
32.7273 67.2727 0.0000 924178 924178 
GTAGCGTTTGGTCCGCCTCGATCCGATCGGCCTCCATCCGAGCCGCGACCGTCAGGGAGCGGTCGCTAAT 
ATTACCGACCACTCCCTGACGGTCGCGACTCCGATGGCGGCACATCGCACGGGGCGCAGCCGGCGCTAC 
487158 487200 43 487206 487248 43 5 93.0233 0.0000 71 54.6512 45.3488 
55.0000 45.0000 0.0000 974406 974406 
TGGGCCGCAGATGAACGCAGATGAACGCAGATAAGAGAAAAAA 
TTTTTGCTTTTATCTGCGTTCATCTGCGTTTATCTGCGGCCCA 
510788 510820 33 510865 510897 33 44 90.9091 0.0000 51 43.9394 56.0606 
43.3333 56.6667 0.0000 1021685 1021685 TTCTCGCAGAGCCGCAGAGTCACGCAGAGAAGA 
TCTTCTTGGCGTTACTCTGCGGCTCTGCGAGAA 
518975 519013 39 519029 519067 39 15 87.1795 0.0000 53 46.1538 53.8462 
44.1176 55.8824 0.0000 1038042 1038042 
TTTCTCGCAGAGGCCGCAGAGATCGCAGAGAAAACCAAG 
CTCGGTTCTCTCTGCGTTCTCTGCGGTTTCTGCGAGAAA 
527223 527260 38 527317 527354 38 56 81.5789 0.0000 41 44.7368 55.2632 
45.1613 54.8387 0.0000 1054577 1054577 
CTTGGCGCCACTTTGCGGCTTTGCGGCTTTGCGAGAAA 
TTTGTCGCAGAGACGCAAAGACGCAGAGTAACGCCAAG 
590828 590862 35 590881 590915 35 18 85.7143 0.0000 45 31.4286 68.5714 
26.6667 73.3333 0.0000 1181743 1181743 CACTCCCAACGAGCCGCGACCGTTAGGGGGCGCTA 
TAGCGCTCCCTAGCGGTCGCGGCTCGTAAGGCGTG 
622250 622295 46 622313 622358 46 17 86.9565 0.0000 62 48.9130 51.0870 
47.5000 52.5000 0.0000 1244608 1244608 
AAAACGGTTCTCGCAAAGCCGCAGAGCCGCAAAGTAACGCAAAGAA 
TTCTTGGCGGTTCTTTGCGGCTTTGCGGCTTTGCGAGAACAGCTTT 
622256 622351 96 622436 622541 106 84 77.7778 12.9630 68 46.5347 53.4653 
47.6190 52.3810 0.0000 1244787 1244797 
GTTCTCGCAAAGCCGCAGAGCCGCAAAGTAACGCAAAGAAAGCCTAGAACGGATGTCTTCTTGGCGGTTCTTTGC 
GGCTTTGCGGCTTTGCGAGAA 
TTCTCGCAAAGCCGCAAAGCCGCAAAGCCGCAAAGTGACGCAAAGAGAGCCCAAACAACTTCTGCTTTCTTTGCG 
TTACTCTGCGGCTCTGTGCCTCTGCGAGAAC 
622448 622485 38 622499 622536 38 13 81.5789 0.0000 41 42.1053 57.8947 
41.9355 58.0645 0.0000 1244984 1244984 
CGCAAAGCCGCAAAGCCGCAAAGTGACGCAAAGAGAGC 



GCTTTCTTTGCGTTACTCTGCGGCTCTGTGCCTCTGCG 
633441 633482 42 633503 633544 42 20 88.0952 0 .0000 59 39.2857 60.7143 
37.8378 62.1622 0.0000 1266985 1266985 
CCTTTCTCGCAGAGACGCAGAGCCGCCGAGTAACGCCAAGAA 
TTCTCTGCGTGACTCTGCGGCTCTGCGTCTCTGCGAGAACGG 
675427 679862 4436 679997 684340 4344 134 67.1315 5.6662 1099 38 . 2346 
61.7654 37.2239 62.7761 0.0000 1359859 1359767 
GTCTACCAGCAGGCGTTTGGCCAGTGCGCTAAAACTGAATTCGGTCACGACGCGATGCTGCAGATAACTGGCGAT 
GTCGCGGCGCCGATGAGGCTTGGCCAGGTAGGCGTCCACCAGAGAATTCAGATGGTCGATACCGCGGTACATCAC 
TTCGCCGGCCGCATCGCCCATGATCCGGGCGAAATCTTCCTTGTAATCGAAGAGCACCAGGCCGCCGGCGGCGAA 
GCAACCCATGATCTTGGGAGAAACGCCGGTGTTGTAGCCCAGGTTGACGACGTCCACAATTACGGAGCTGTTGAT 
GAACAGCAGCGGCAATTCGGTGAAATAGTCGAGGGACTTGAGAAAACGGATGCCGTACTGCTTGCTTAGGCTGGC 
AACGCTTCCGGGTTCCATGAAGTTGCCGTAGAAATCGTACTCGCGCTTCAGGCCCGTCAGGACGGCGAGGCGCAC 
CTCGGTATTGGCCACGAGTTCGATCTCTTCGTGCATGAAGTTCCAGAAGAAAGTGGAGTCCGGCTCCAGACTCAA 
CTGCTTGCGCGTCTTGCTATCGAGGGCCTGGATCTCCGCCACCAGGAGGTCCCAGGCACACTCGGTGAGGCGAGC 
CTTCTTGGCTTCCATGACTCGCGATTCCAGCGAGCCGAGGAGCGGTTGGTTGCGGAATGGGAGGGCGTGCGCGGC 
CTTCAGATACACGTTGCCCGCAAAAGCAACCGTACTGCGAAACATGTTGCGGGGCACGGTGCGATATCCGTATTT 
GACAAAGTTGGGGTAGGCCGGCTGCAAGAAGAATCGCACCTTGCCGGCTTCCAGAATGCCGGCCTTATCGAGCGC 
CGCGATATGACCCTTGTCGGGAGAATAATGCAGGTACAGGGGATGATTCAGAACCTGGCGGATGCGGCTCACGGC 
GCCTGTCCGCGCATCTTCCGGCGTGCCTGGGTTGTGATTCAAAATCTGGCGTGGAAGCTGGAGCAATCCGTGATC 
CCACAGCATCAGCGTGGGTACGCACAGAATGTCGCGGAAGATATTCTGCTGGTCGCGCGTGACGCAAAGCAGCAC 
GTAGAGGGCGTTGGGAAGCGAAATGACCACGTCCGGCCGAAAGCTCTTGAGGGCTTCGATGACGCCGGCGATGTA 
ACTCTCGTTCTGTCCCGTGAAGCCGGCCACGTCCACGTCGAAGACCTTGGCGCCGAGCGCGCGCAGTTCTTCTGA 
CATCTCGATGGCGAAGTTGTAGTCCACGCCTCCGAACCAGGCGTGCGGAGGCAAGGTTACGGCGATGCGGAGTCC 
GGCCAGCGGAAGGCCTTCATCGCGAAGCACGCTCATGAAGAGTACCTCTTCGCCAAAGTGCGGACGAGATGCGCG 
GCGTACCGAGGCAGGCCGAGTATGCGCTGGTACATCGGACGCTCGCCGCCGTCGGCCTTGAATTTGGGGATCGCA 
ACCTCACGGCTTCCAATCACTACGCGCGCCAATAAGAAGCCTAGCGGCCGCGGATCGGCGTTCCAGCCAAGCGAT 
TCCGGAGAGCGCGGTTCAGGGATTTCAAACACGAGAGTGAGCTCGGGCGCTGCCGCGGCGCCTTGAGCGAGGACG 
GCCGCCGGTATGGTGGCGAACTGGCGGTGCGGATTGCGGTCGCCGAGCAGCCATTCGGCGATTGCCTGTCCGTTG 
GCCTTGACGGTCACGGGCAACGGCTTGGCGCGCGCAGGGATCATGCAATCGGAGATCACGAACGCGCACGGCAGA 
TCGCCCGCGACCGGTCCATCGAAGGTCACGTGGAAGCTGCAGCGCGTGCCGATGGTCCACGATCCGCGCGGGCCG 
GGAAAGGACCACTGCGAGCCCATCGCATCGCCAACGAATGCCATGGAATCTCCGCCTTCGAAGAAATCGATGGGG 
TCTCCCGGACGGTAGGTGAGTCGTCCGACCGGAGAGATGCGCAAGCGGCAGAGGCGGAATCCGAGAGGTCGGGTG 
TCCCACGTTGACAGGCCCAGGTCGAGCGGCCTGCGCGGCGCTGCGATTTCGAAGGCGATGTTCACGGGTTTGGAG 
GGAAGTAGGGCATCGGGCGGAAGGAGGATGCGAAGTTCTCCCGCGTCTCGAGCCGGCCCCAGGTTCCATTCGGCC 
GCGGGAAGACCGTTCCAGAGAACGCGCACGGTCTGCGTGGGGTGCTCGTTGTTGAGGGCGGCGTCGTTGACGGTA 
AAGACAACCTGCGCGCGCTGGTCCATGGGCTTATCCGGCAGCAGCGTCAATGAACTTCGAGGACCAAAGCTCCAC 
ATTCCCAAACCGTCGGGGGCCGACCAGCATTCATCGGTGTGTACGGCGCCGGTGCCCGCAGCCGTGAAATCCAGT 
ATCTGCCCGGGGCGGTAACGCAGGCGTTGGTAGCTGCGGAAGACAATCCTGTGGACTTTGAATCCGAGTGCGCGT 
GGGTCGTCGCCGAATACCTGCTCTCCCCTGGCTTTGGCCAGTCGCGCGGCGGATTGAGGATTCCGGACATGGAAC 
TCGAGACAGCAAACTTCTTTTCCAGCGAGGGAGGCCGCGGGGATGGTAACCTTGGCGTCCACTACTTCGTAGCGC 
GAAAAGAAGCTCCAATTGGCGAGAGGGACTCCGTCCAGAGAAACCTCGACCCGGATTGGGTCGCCTTCCGGTCCG 
ATCAGCGCTTCGTTCACGGTCACGCAGGCGACGACATCGCCTTCGACCGGGGATGGCGGGCGAAAGAGTAGGACA 
GCGCGGTCGCCATCGGTCCAGGTGCCGGTGTGATCGGTTGCTCCCCAATGGCCGTCTTTATGCGATGCGGCCGGG 
CCGGCGGAGGTGAAATCGATGCTCTCATCGATGGCGACGGGCGGCACGGAAGCATCGTCAACGCCGAAGCCAAAG 
AAAGAGCGCATATCGTCTTCGGTCTGCTTCCAGGTATTGGAGCGATAGCGGCGCTCCTCGCCCACGCGCGGCCTT 



CCTTTGCGTACGTGGGTAGCGAACGGCGTGAAAGTAAGGAGCAGGAACTGGTTCACGAAATTGCGGAACGTGTGG 
TGATTGGCGTTGATGACGACGACGTCCGGGACGCGCGTGCCGCCCGCACCAGCCAACTCGGCGCACATTTCGAGA 
CAGCGAGCCACGGCGCCCAGGCTGTAGCGCAGAGGGCGCGGCCAGTCGGTTACACGCTCCGCCGGCATTCCGTTG 
AGCCCCTCCACGTCGAGGCTGAGATCGAAGACTAACAAGTCGTAGCTTGCGAGCAGCGTTTCGGGGAGCGGGTCG 
GCATCGATCGCGCGGGCGTTTTCGGGCGGAGCTCCGCTGGTCAGCAGCGATGCGGCATAGTCCAAAGGGGTTTCA 
AACCCCAACTCCACGACACAGCGGGCGGCGAGCGACAGCATGCGTGGATGATTGCCGACATACGCAAAACGCGCG 
GAGCGGGTGAATACCGTCAGATCGTTGGCTAGGTATGGCAGTACATGCTCCGCCTGCACCGATACGAAATTTCGG 
ATGCCGACGGCGTCGGACTGGTAGTACGACTCCTGCGGCGCGCCCAACGTGCGCTCCACCGCGGTGACGAATCGG 
GCCTGCGGGTCGTTGGCAAGATCCAGCTCTTCAATCGGTTCGTTGGGCAGACCCCAGGTTTCGGCCTGGTGGCGT 
GCGTAGGGGTCCTCCAGGGAGAACACGAACTCCTGCACGTTGTTGTCGAGCTTCATGTCGAACTGGTGCATTCCG 
GTCTGCACGCGGGTATGGTCGCAGTGGTATCCCTTTAAGCGGTCGGCCAAGCTCTCGGTTCGACCGCCGTAATAG 
ATGTAGAGACGCTTGCAGACGTTGGAGTCACAGTGCCAGCCGTGAATCATGCGTTCGTCGAAGCCGTGAATATCC 
CATAGGGCCTGGCGCGGCGACAGCATGAAATCGCCCACTTGATCGAAGCGGCTTTCGGGAAAAGAGAGGGTCACT 
TCATCCAGGTGCAGCCGCGGACCCAGATCGCGGCAGGCTTGCAGAGTGGCTTGCGGATCGCTGCGCGGGAAGGTC 
TCCCAGAGCGCCTCCGGTAGTTCAAACCTAGGGAGGGTGTATAAGCCGTCGGACAGGTCGCGCGCGACATCCGTC 
AGGTCCCGGAAGCCGGGGCGCGGCACAAGGAGGATGTCCGTGTTGGTGTTCAGGACCCAATGATTGCGCGGGTTG 
GAGCGACGCAGCGCGATATTCCGCGGAGGCGGTTCGACCACCATCAGGTGAGTGTAGCCACCGACCAAACGCTTA 
TGAAGCTCCGGACGAACGCGAAAGACGCGCAGGAGGGCTTTGGCCCGGGGTGTCAGGGTATCGTAGATGGCTTCG 
ACGAAAGTGGGGAGTTCGTTGGACGTATTGCAATCGACGAAGAGAATTTCGTCGTCCGGATCCGACAACAATGCG 
GCGAGACAATTCAGGCTGATTGCGCCGCGCTTGTGCAGATTATAACCGTAAGAATCGTTGCGTCCGTAGAGGATT 
ACCGAGATCAT 
ATGATCTCGGTTATTCTCTACGGGCGAAACGATTCGCATGGTTACAACCTGCACAAGCGCGCGGCCATTAGCCTG 
AATTGCATCGCGGAAGTGCTCAGCGATCCTGATGACGAGATCCTCTTCGTTGACTACAATACGCCCAACGACCTG 
CCCACCTTTGTCGAGGCCATCTACGACACACTGACGGAGGCCGTCAAATCACGGCTGCGCGTCTTCCGCGTCCGT 
CCGGAAGTTCATCAGCGGCTCGCCGGAAGCACGCATCTCGCGGCGCTAGAACCGCATTCGCGGAACATCGCGATT 
CGCCGCTCCAATCCGCGCAACCGCTGGGTCCTGCTCACCAACACGGACATGATCTTTCTGCCCCGCGCGAGTTAC 
ACCACCCTCTCCGGCGCCGTAGGAGATCTTGCCGACGGTCTCTATATCGTTCCGCGCTATGAGCTTCCCGAGCCG 
CTCTGGGAGGCCTTCCCGCGCACCGACCCGCAGTCGGTCCTGCGGGCCTGCGAAGATCTCGGCCGCGAACTCCAC 
CTGGAAGAGATTACGCTGTCTCTTCCTGAAATGCGGTTCGATCAGCCTGGCGATTTCCAGTTGGTGCCCCGCCAG 
GCGCTTTGGGATATCAATGGCTTCGATGAGCGAATGATCCACGGCTGGCACGCCGATGCCAACATATGCAAGCGT 
TTCTTTTTGTTTTATGGCAACCGCACGGAAAGCCTCGCCGATCGGGTGAAAGGCTTTCACTGCGATCACACCCGC 
GTTGCGACGCTCGCCCATCGCCTGGACATCAAGCTCGAAAACAACCTCAACCAATTCTTCTTCGACCTGAAAGAC 
CCGGTCGCGCACCACCAGGCCGAAACCTGGGGCGCGCCCGGCGAAGAGATTGAAGAGCTGAACTTCCAGGACGAC 
CCGCCGGCGCGCTACGTTTCGGCGCTGCGCGGCGTCATCGGCCCCGCCCAGCCAGCCGAATATGTGGCCGATTCC 
AACGACCTTCGCAATTTCGTCGCGTACCACGCCGAGCACGTCCTGCCGCACCTCTGCGGATGTCTCACGACGTAT 
CCCCGCGCTGCCCGCATTGCCTACATCGGCGCCAATCCGCACATGCGCGGGTTGAGCACGCGCGCCATCGCCGGA 
CTTGGCTTCAGCGAGCCCTTGTTCGACGCCGGCGTCGCCGCCGCACCCGAGACCCTGCTCGCCGGCTATGACCTG 
CTGCTCTTCGATTTCGGCCTGGACCCAGCCGCACAACCCCTGGATACCGTAGCGCGGGTCACCGATTGGCCGCGA 
GAGCTGCGCTACCGGCTCGGCGACGCCGCCAAATTGCTGGAGGCGTGCGCGCTGCTCGCCGGCCAGAATGGCTCC 
CGCAGCCCGGACTTTCTTACCATCAACGCCAATCACCACATCTTCCGCCAGTTCGCCGGCCAGTTCCTGTTGATG 
CCCGAAACGCCCTACGCCACTCACGTTCGCAAAGGCCGCCCGCGCGTGGGCGAGGAGCGTCTCTACCGGGGCCAC 
ACCTGGAAATACGTGGAAGACGACATGCGCTCGTTCTTCGGCTACGGCAAATGGGAGAACACCATTCCGCGCATC 
ACGGCCGGCGACTCGATCGATTTCACCTCCACGGGTCAATCGAGCCGCTGCAAGGACGGCAACTGGGGAGCGATG 
GATTTCACCGGGACGTGGATCGAAGGTCACCGTGCCTCGATCCTGTTCGCCCCGCCCGAACACATCGACGACGAT 
TGGATCGCGTTCGTCGGGGTCAACGAAGCCTTCGTCGGTCCCGAAGACGAACCGATTCGCGTACAAGTCTTCTTC 
GAAGGCGAGCCAATGGTCCGCTGGACGCTCTTCACCCGTTACGGCATCACGGTCTGCAAAGTGCTGCTGCCCGCG 



CGCCTGCTGGTGGGAAGGCCCACCTGCCGCATCGAGCTCAACGTGGAGAATCCGTCGTCCGCGCAGCTGGTGGCG 
GACGCGATGGGCCAGAAGACCGTGGGCCAGGACCCGCGCGAACTGGGCATCAAGGTCCAGCAGATCACGTTCACT 
AATAAGGATCCCTGGCGGTATTCGCTGGGAGAGACCCTGGATTTCACGGAGCGCGGCCGCGGCATCGAACACGCG 
GACGAATGCTGGACGCAGCCCGACGAGTTCGGCGCGTGGACGCTGGGGTCAGAGGCAGGCATTACCCTCTGGCCG 
CGCGAGACCACAACCGTTCCGGTAGCCGCGACATTCACGATCAACGACGCCGTGATCGACCCCGACCACCCCGAT 
ATGGAAGTGAGCGTGACGGTCAACGGAGAACGCGCCGCGGTGTGGACCGACTGGCACCTGCGCAACACCGACGCC 
CGCACGGTTCTTCTGCCCGCGGAATGCTTCCGCACGCTGGAGCCAATCCGCATCGCGCTCCACGTCAAGAATCCG 
CGCACGTCGTTTGCGCTGGGATGGTCCACCTGGGACAAGCGCCCGCGTGGAATTCGTCTCAACAACCTTCGCATT 
GCGCCAATCCTGCAATACCATTTGGGCGACGTCATGGATTTTACGTCCGGTGGAGAATCCGTTCCGTTCGCAGGC 
AATTCCATCGGGGTTGAATGGTCCGCTCCCGACGCCTGGGGATTCTGGACGATCGGCCATAGCGCGTCCATCGTG 
GTGCCCCTGGATCAACCGCTAACCGAGACGGTCCCCATGGCACTGGTGATCTCCGATTGCATGGTGAACGCTGCC 
GCGGCGAAGCTACCGGTCAGCGTCAAAGCCAATGGCCGCACGGTCGCGGAATGGGTCCTTGATAACCGCAAGCCG 
CACACGCGTTCTTTTATGCTGCCCGCGGAGGCGGTAGCCGCCGCGCCCAAGCTCACGCTCACCTTCGAAATCCCC 
GACCCGCGCTCGCCGGTCTCTTTCGGCTGGGGTCCCGATCCGAATCCACTGGGCTTGCGGATCGCGCGCGCCGTG 
ATCGGCAAGAGCCAGATCGAGATTCCGGACTTCGAAAAACATATCCGCTACCGCACCTTGAAACGCATTCCGGGA 
GTGCCGCAACTGGCCGCGCTCGTGGTCCGCATGGTTGCGAGGTATCGGTAGATGCCCGGCCCGCTCACCGGATTG 
CGGATTGTGGTGACCATCCCGCCCCACGTCTGGTTCGGCGGCGTGGATTACGATTTCGCGGTGGAGATGTCAGAG 
GAGTTGCGCACCCTTGGCGCGGAGGTCTTCGATCTGGAGATCGCCGGCTTCCACAGTGGCAACGCCAACTACATC 
GCAGGCGCGATTGAAGGCCTGAAGGCATTCCGGCCCGATGTCGCGCTCCCCCTGCCCAACGCGTTGTACGCCCTG 
CTCTGCGTGACGCGCGAGGGCAGGAACATTCTTACCGATGTTCTCCAAATCCCCACGGTGATGCTGTGGGATCAC 
GGTTTGCTGCAACTGCCGCGACAGATTCTCAAGCACCAGCCCTCCATCCCTGCCGAAGCGCAGGGGGATGCCGTG 
CGGCGCCTGCGCAAGGTGATGAATCACGCGCTCTACTGCCACTACTCGCCCGACCGCGGGCACGTTGCCGCTCTC 
GACCAACTCGGTGTGGTAGAGGCGTCCAAGGTGCACTTCTTCCTGCAGCCTGCTTATCCAAACTTCGTTCGCCAC 
GGCTACCGGCCGCCGGGCTCGAACGCGTTTCGCACGCGGGTCGCTTTCGCCGGAAACGTCTACCTGCAAGCATCC 
AAAGATCTGCCTTTTCGCAATCAGCCCGTGCTCGCGGGCATTGAGTCGCGCGTCCTGGCCGCCAAGAAGGCCCGC 
CTCACCGAATGCCTTTGGGACCTCTTCCTGACGGAGATCCAGGCGCTCGATAAACCCGCCCGGAAGGAACTCCGG 
CTCGAGCCCGATTCCACCTTCTTCTGGAATTTCGTGCATGAGGAGATCGAGTTGGTGGGCAATACCGACGTGCGC 
CTGGCGGTCCTCACAGGACTCAAGCGCGAATTCGAATTTTACGGCAACTTCGTCGAGCCTAAGAGCACCGAGACG 
CTGCTCGGCCAGTACCGTATTCAGTTCCGCAAGTGCCTGGACTACTTCACCGAGTTGCCGCTGCTCTTTATGAAC 
AGCGACGTAATCGTGGACGTCATCAATCTCGGCTACAACAGCGGCATCTCCCCGAAAGTAATGGGCTGCTTCGCC 
TGCGGCGGGTTCGTTCTCTTCGATTACAAAGACGATTTCCGCAAGACCATAGGCGACGTTGCCAACCAGGTGATG 
TACCGCAGCGTCGATCACCTCAACACGCTCGTGGACGAGTATCTGACCGACGCGCGCAAACGGCGCGACGTCTCG 
CGGTACCTGCAGCACCGGATCGCCACGGAGTTCAGTTTCGCGGCGCTGGCCAAACACATTCTGGTGGAC 
750814 751178 365 757991 758355 365 6812 72 .2826 1.6304 214 42.3288 57.6712 
39.4737 60.5263 0.0000 1509169 1509169 
CAGTTCGCTCCTACGGTTTCGGGGGAGGAAAAAACTACGCGCGCAGGTAAAGATCACTTAGTGCGCTGGCTACAG 
CGCCGGTCCGAATTCGAGATTCAGCATCAAGGTGGGCCCGAACGCGTGAAGATTGGCTTCCGGGTAGCATCGTAT 
CTGGCGCAGCGTCACGTTTGGCTGGAACAGGATGGACAGGCGCTTCCGGCACGGGAAGTAGTGCAGAAGAGTTTT 
TGGGAAGGTGGGGAAGTGTTGGTTACCAATACGGTTACTTTGCAGGCCGGCAGGAATCTCTTTGCCATCGTCACT 
GACGGCGATTCCGTTGACGTTACGCCAGGTAGGCCCGTATTCCTCCTTCTGGATGGCGGGATTGA 
TCAATTCCACCCACAAGGAGCAGGAAGACCGGCCTTCCCGGAGTCACATCGACAGCGCTCCCGTCAGTCACGATG 
GTGAATCGATTCTCCCCGGTATGTAGCGTAACGGTATTGGCAACCGACACATCCCCCCCATCCCAAAAGCTCTTC 
CGCACCGATTGCCGGACCGGAAGCGCCTGGCCATCGTGCTCCAGCCAGACTTGACGCTCCGCCTGATATGTAGCG 
ACACGGAAGGAGACCTTCACGGGACGCGGCGCCCCCTCATGCTGAATCTTAAATTCGGTTCGTTGTTGGAGCCAG 
CGCACCGAATATTCCAGGCCGCGCTGCGTGGTTGATTCTGCTCCGGAAACAGTCGGTGCCATCTG 
753434 755520 2087 760843 762941 2099 5322 66 .5885 3. 5664 550 38.3421 



61.6579 37.1388 62.8612 0.0000 1516363 1516372 
TGCAGGGCCGGCTGCACGAACGCTATTTCCTCTCGGAATTCAACACCCAGACCAGCTACACGCCGGTCGCTGATC 
TCACCGAAGAGATCCGGCGTGACTTCTCGGTTCGGAGCCCCGGGGCCAGCGGCTACGGCAAGTGGCCATACGTTG 
TGCTTGAGCACGCCGAACTCCCGCTGACGCTGCCTGGCGGAAAAGCGTGGCCCAAAATCTCGGTGATCACGCCGA 
GCTTTAACCAGGGCAAGTACATCGAACAAACGATTCTCTCCGTCCTGCACCAGGGGTATCCGAATGTGGAGCACA 
TTATCGTGGACGGCGCGTCGACGGACGGGACATCGCAGGTCCTGGACCGCTACAGGGATAAGGTCGCGCTGATAA 
CGAGTGAGCCCGACCGTGGACAAAGCGACGCCATTAATAAGGGCATGGCGAGAGCCAGCGGTCAGATTCTGACGT 
GGATAAACAGCGACGATATGCTCGCCCCGGGTGCGCTCGCAGCCATGGCTATGGCCTTCGAGACTTCCGGCGCCG 
ACATGGTGGCCGGGATCTGCCAGCTATACCGGGACGGGCGTCTCGTGAATCAGCACCTCACCTCGTGTCCGGACG 
GTCCCCTGAATCTTAACGATCTGCTCGACCTGGACGATTGCTGGAACGAAGGGCAGTTCTTTCACCAGCCGGAGG 
TAATGTTCACACAGGAACTCTGGGTGCGATCGGGAGGGCACGTCAAAGAGACCCTCCACTACAGCATGGATTACG 
AGATGTGGTTGCGCTTTGCCAAGGCCGGCGCGAACCTCCACGTAATCGGGCGCCCGATCGCGTGGTTCAGGGTGC 
ACGACGAACAGAAAACATATCTACCATCCAATTTTCTACCCGAGTTGGTTGCATGCCGCGATGCGTTTGCGAAGG 
AACATAGGATTGCCCTCAGGCCCTCGTTAAATGTTCTGGCAAAGCCATCCAAGCTGCGCATCACGCTGCTCAACG 
ACCACGGCGGGTTCTATGGCGCGGGCATCGCACACGTCCGGCTTGGGAGAGCCTTGGCCAGGGCAGGGCACGATG 
TGAATCTGGTGTCGATCTTAGACAACCCCAACTCTGGGGCCGAGTTTGGGGATTACACCACCCAGAGCGTGGTCA 
ACCGTGTGGGCGCCTCCAACCCGGACCTGGTCATTGTCGGCAATCTGCATAACGCGAAGGTCGACCCGATGCTGT 
TGCACCTGTTGAGCGAGCGCTACCTGACGCTCGTGGTGTTGCACGATTTTTGGACCCTGACCGGCCGCTGCGGCT 
ATACGGGCGATTGTGAGAAGTATTTAACCGGATGTGACGCGACGTGCCCAACTCCCGACGAGTATCCGGCCCTGG 
CTCCCGCCGAAATCGCAGAGTCCTGGTCGAAAAAGCGGGCAATCCTGGGGGCAGCCCGTCGTCCGGTCCTGTTGG 
CGAACTCGCAGTGGACTGCCGAATTCGCCCGCAACGCATTTGCCAATGGTTCGGGCGGAGACGTTCCATCCATTG 
ACATCTGCCAACTTAGCTTCCCGCTCGATATTTTTCGACCTCGGGACAGACGCGCCTGCCGCGAGACTCTCGGGC 
TGCCCCTGGATCGTTTCATCATCCTGCTTCCGGCCTCGCTGGAGGACCAGCGAAAGGGAGGCACCCCCCTCCTGA 
ACGCCTTATCCCGCCTCGAGCTACCCGATGTCCTGGTGGTAACTCTCGGGGCCGTAGCCCAAGGCGTGGAGGCCG 
GAATCGACCTGGTCCAGCTAGGCTTTATTTACGATCAGCCGAGAGTGGCGATGCTTTATTCCGCAGCCGACCTCG 
TGGTCGGCCCCAGCACCTCCGAGACTTTCGGGCAAGTCTTCATTGAGGCAATTGCGTGCGGCACCCCGGTCGCAG 
GTTACGCGGTTGCAGGTGTACGTGAGGCAATCCGTGACGGCATTACGGGCGTTCTTGCGGCGGACATCGATCCGT 
CCTGCCTGGCATCCGCGGTTCAATATCTTTACAATCGTCCTGACCTGCGAAGGGACATGACACACTGGGGACGCT 
CGTTCGTAGAGAACGAGTGGTCCGAGTTTTCAGCGTACCGGCACCTGTTCCTGGCGCTGCGG 
CCGAAGCGACAGCAGAAGATGCCGGGACGCCGCGAATTCCGACCACTCGTTTTCCACGAAGAGACGCCCCCATCG 
AGAGAGATCCCGGCGAATCCCGGGATGAGCGTACAGATATTGAACCGCTGCCGCGAGGCTCGCCGGATCGTCTCC 
CTGAGAGAGTAGGCCGGTGACGCCGTCGCGGATCGCTCCGCGGATTCCGTTGATCGGATAGCCGAGCACCGGTGT 
TCCGCAAGCGATGGCCTCGATAAAGGTCTGCCCGAAGGTCTCCTCCGTCGCCGGCGCAACTACCAGATCGGCCGC 
GGAGTTAATCATCGCCACTTGGTCCTGGCCGTTGATCTGCCCGAGCTGACGGACTTCGACTGGGAAGGTCGCGCC 
CGGGTCGGGCCGGCCCATCGTGGCCACTAACAGGTTCGGCAACTCCAGGCGCCCCAGCGCTTCGAGGAAAGCCCT 
GCCTCCTTTTCGCGGATCTTCCACGGCTCCCGCGAGGAGAATCACGAAGCGATCATAGGGCAGATCGAAATTGTC 
GCGGCACATGCGCCGGTCGCGCGAGCGGAAAATGTGGAGTGGAAAACTCAGTTGGAAGCGCGCGATGGGCGGAGT 
GCGGGGAAGCTCGTGAGCGTTGGCCGCAAAAGCATTGCGGGCGAGCTCAGCCGCCCAGCGGGTACTGCACAGGAT 
CGCGGGCCCTTGCGCCTCGCCGAAGATGAGGCGCTTGCTGGACCAGGCATCGGCGATTTGCTCCGGCGGCAGCGC 
TGGGTACTCGTTCGGCGTGGGACATGTGTGATCGCAGCCTGCCAGGTATCGATCGCAGCCAGCGGGAAACGCGCA 
TCTGCCGGTCAACGCCCAGTAATCGTGCAGTACGACCGCGGACGGAAATCGCTCGCAGAGCAGTTGCAGCAGGAA 
CGGATCAGCGTTGGCGGCGTGCAGATTCCCGATGATCACCAGATCCGGGTTGGTCTCCGCCACCCGATCGATCAC 
CGCCTGCGAAGTGTAATGGCCCGTCGATTCGAAACCGATAAGCGAGCGATCCAGAATTGAGACCAGGGTGATCTC 
GTGGCCGGCCCAGGCCAGGGCGCGCGCCATGCGGACATGCGCAATGCCCGCGCCAAAGAAAGGGCCGATGTCGTT 
GAGCAGCGTGACGCGTAGCTTTTGGCGCAGCGGAACGGCGGGTACGGCGGCAGGCTCCTCGCGGCCGCTGCGTTT 
CAGGAAATCGCGGCGACAGACCAGCAGTTCGGCTTGAAAGCGGGCCGTGATGTGCGTTTTCTGTTGGTCATGCAG 



CCGGAACCACGCGACCGGACGGCCGATCACGTGAAGCTGGGCACCGGCTTCCGCGAATCGCAGCCACATTTCGTA 
GTCCATGCTGTAGTGCAGCCAATCGTTGACGTAGCCGCCCGCGCGAAGCCATAACTCACGGGTAAACATCACCTC 
GGGTTGGTAGAAGAACTGGCCTGCATTCCACCCGTGGTCGAGATCGAGCAGATCTTCGAGCGGCAATGGGCCTTC 
CGCGCAGGATGTCATGTGCTGGGCTTCGAGGCGCCCGTCACGATACAGCCGGCAAATGCCCGCGATCATATCGGC 
GGAGTTGGTGTCGAACGCCAGCGCCACCGCGGCGAGCGCGCCGGGGGCCAGCATATCGTCGCTATTCAGCCACGT 
CAGGATTTCGCCAGTGGCGAGCGCCATCCCTTTGTTGATGGCGTGGCTCTGTCCGTTGTCGGGTTCGCTGATGGT 
GTGCGCCAGGCGGTCGCGGTAACGATCCAAAATCGCGGAGGTGCCATCGGTGGAAGCTCCGTCCACCACGATGTG 
CTCCACGCTTGGATAGTTCTGGTGGAGTACGGAGAGCAGAGTCTCTTCGATATAACCGCCCTGGTTGAACGACGG 
CGTCACGATGGAGATCCTGGGCCACGGTTTCCCGCTCGGCAGATTCGGCGGCAGCTCGATGGAATCAAGCGGTGG 
GAGGTAGGGCCATGACGCGTAGCCGCCGGCGGTGGGATTGAGCCTCGCGAATTCGCGGCGGATGTCTACCGTGAC 
GTCGGCAACGGGAGTGTGGTTCGCGGGCGTCCAGGATTCGGCAAGAAAGTAGCGCTCGTGCAGGCTACCCTGCA 
769699 769735 37 770490 770525 36 754 86.4865 2.7027 47 47.9452 52.0548 
46.8750 53.1250 0.0000 1540225 1540225 
AACTGGCCATAGAGGGTCACTTCAAAACGGGCCATAG CTATGGCCAGTTTTGAAGTGACCCCCGAGGCCAATT 
789230 790990 1761 800924 802681 1758 9933 78.0776 2.1922 1530 38.9031 
61.0969 38.5169 61.4831 0.0000 1591914 1591917 
CGTCGTTACCGCGGACAGCGTGACGCCCGCCGCAGGGTCGGGATCGAGCCAGACGTTCGCGTTGCAATACTCGGA 
CACGGCGGGCGGGGCTAACCTGTCCACGGCGTGGGGATGGTTCAACGCCAGCTTTGCGTCCAGTCCCGCCAATTC 
CTGCATGATCTACTACGATCGGGCGGCGGGCACGTACTATTTGCTCAACGATGCCGGGACTCAGTGGATCCAGGG 
CGCTCCGGGGGTAACAACGACTATCCAGAACAGCCAGTGCTCTGTGAATCTGTCCGCCAGCAGTGCCGTAATCAG 
CGGCAACGTCCTCACCCTCAATCTCGCCATGACGTTCAAGGCAGGGTATGCGGGAGCGAAGAACGTCTATATGTA 
TGCCGTCGATCCGACCGGAGCGAATAGTTCGTGGCAGACGCGCGGAACGTGGACGGCACAGGGCGCGATTGTGAC 
CGCGGACAGTGTAACGCCGAGTTCCGGGTCCGGGACGAGCCAGGCGTTCGCATTACAATACTCGGACACGGCGGG 
CGCGACCGGTCTCTCGACGGTGTGGGCGTGGTTCAGCCCGACCCTTGCCGCCAGTTCGGCGAGTTCGTGCATGGT 
CTATTACGATCGCGCGGCGGGGACTCTCTACCTGATTAACGATGCGGGAACTCAGTGGCAACTGGGCTATCCGGG 
AACAACGGCGACGATGCAAAACAGCCAGTGTTCCATCAATCTGGCCACCAGCGGCGTGGCTCTCAGTGGCAGTAC 
GTTAACGTTGAATTTGGCGATGAACTTCAAGCCGACGTTTGCAGGCGCGAAAAATGTCTATATGTACGGAGCCGA 
CTTCGGCGGTTCAAACAGCGGATGGCAGACGCGTGGGACCTGGACTGGGACAAGTGGAGCGGCTACAGTGACTGC 
GGACAGCGTGGCTCCGAGTTCGGGGTCGGGGTCGAGCCAGACGTTCGCGTTGCAGTATTCGGACACGGCTGGAGC 
GACCAATCTCTCGACCGCGTGGGTCTGGTTCAGCGCGACGTTCGGCAGTGCGGCGAACTCCTGCATGGTCTACTA 
CGATCGTTTGGCGAGTACTCTCTACCTGATCGACGATGCGGGAACTCAGTGGCAGCCGGGAACTCCGGGGATAGC 
GGCGACGCTGCAAAACAGTCAGTGCTCCATTAACCTGACAGGCACAAGTGTGGCTCTCGCCAGCAATACGTTGAC 
GCTGAATCTTGCGTTGACGTTCAAGCCCGCTTACGCCGGAGCGAAGAACGTTTACATGTACGGGGCCGATGCCTC 
GACAAATAGCGGCTGGCAGACCCGTGGGACGTGGACCGCAACCGCCGGAGCCGCTGCCGTGACAGCGGACAGCGT 
GACGCCGAGTTCGGGGTCGGGCTCGACCCAGACGTTTGTATTACAGTATTCGGACACCGCCGGGGTGACCAGTCT 
CTCGACCGTGTGGGTCTGGTTCAACGCGACGTTCGGCAGCGCAGCGAACTCCTGCATGATCTATTACGATCGCGC 
GGCGACCACTCTCTACCTGATCAACGATGCTGGAACTCAGTGGCTGCCGGGCGCTTTGGGATCCGGGACGATTGA 
AAACGGCCAGTGTTCCGTCAACCTGACAAGCAGCAGCGTTCTGCTGAACGGCAACGTTCTAACCCTCACTCTTGC 
CATGACCTTCAAACCTGCCTATGCAGGAGCGAAGACCATCTACATGTACGGGGCCGCCGGCGCCACCAATAGCGG 
GTGGCAGACACGCGGAGGTTGGAGCGCACAGTAGCA 
TGCTATTGGGCTGTCCAGGTCCCGCGCGTCTGCCATCCGCTGTTAGTCGAGGCATCGGCCCCGTACATATAGATG 
TTCTTCGCTCCGGCGTAGGCGGGCTTGAATGTCAACGCGAGGTTCAGTGTCAGCGTATTGCTGGCGAGAGCCACA 
CTTGTGCCTGTCAGGTTAATGGAACACTGGCTGTTTTGCAGCGTCGCCGCCGCTCCCGGCGTGCCCGGCAGCCAC 
TGAGTTCCGGCATCGTTGATCAGGTAGAGAGTGGTCGCCGCGCGATCGTAATAGATCATGCAGGAGTTCGCCGCA 
CTGCCGAACGTCGCGCTGAACCAGGCCCATGCGGTCGAGAAACTGGAGGCCCCGGCGGTGTCCGAATATTGTAAC 
GCAAACGTCTGGCTCGAGCCTGATCCCGAACCCGGTGTCACACTGTCCGCTGTCACCACAGCGGCTCCGGCGGTT 



GCGGTCCAGGTCCCACGGGTCTGCCATGCGCTGTTGGTCGCTCCCGCGGCGCCGTACATGTAGACGTTCTTCGCT 
CCGGCGTAGGCTGGCTTGAATGTCAACGCGAGATTCAGTGTCAGCGTATTGCCGGCGAGAGCCACACTCGTGCCT 
GCCAAGTTAATGGAACACTGGCTGTTTTGCAGCGTCGCCGCCGCTCCCGGCGTGCCCGGCAGCCACTGAGTTCCG 
GCATCGTTGATCAGGTAGAGAGTGGTCGCCGCGCGATCGTAATAGATCATGCAGGAGTTCGCCGCACTGCCGAAC 
GTCGCGCTGAACCACACCCACGCGGTCGAGAGACTGGACGCCCCTAGCGAATCGCTGTACTGCAACGCAAACGTC 
TGGCTTGAGCCTGATCCCGAACCCGGTGTCACGCTGTCTGCTGTCACGACAGCGGCTCCGGCGGTTGCCGTCCAG 
GTCCCGCGGGTCTGCCATCCGCTGTTGGTTGCGCCCGCGGCGTCGTACATGTAGACGTTCTTCGCTCCGGCGTAG 
GCTGGCTTGAATGTCAACGCGAGATTCAGTGTCAGGGTATTGCCGGCGAGAGCCACATTTGTGCCTGCGAGGTTA 
ATGGAACACTGGCTGTTTTGCAGCGTGGCCGCCGCTCCCGGAGTACCCGGTAGCCACTGAGCTCCTGCATCGTTG 
ATCAGGTAGAGAGTGGTCGCCGCGCGATCGTAATAGACCATGCAGGAGTTCGCCGCACTGCCGAACGTCGCGCTG 
AACCAGACCCATGCGGTCGAGAGACTGGACGCCCCGGCGGTGTCCGAATACTGTAATGCAAACGTCTGGGTCGAA 
CCCGACCCTGAACTCGGCGCCACGCTGTCCGCTGTCACGGCAGCGGACCCGGCGGTTGCGGTCCACGTCCCACGG 
GTCTGCCAGCCGCTATTTGTCGAGGCATCGGCCCCGTACATGTAGATGTTCTTCGCTCCGGCGTAGGCGGGCTTG 
AATGTCAACGCGAGATTCAGTGTCAACGTATTGCCGCCGAGAGCCACACTCGTGCCTGCCAGGTTAATGGAACAC 
TGGCTGTTTTGCAGCGTCGCCGCTATCCCCGGAGTTCCCGGCTGCCACTGAGTTCCCGCATCGTTGATCAGGTTC 
AGGTTGTTGGTCGAGCGATCGTAATAGACCATGCAGGAGTTCGCCGCACTGCCAAACGTCGCGCTGAACCACACC 
CATACCGTTGAGAGACTGCTCGCTCCAAGCGTTTCGCTATACTGCAACGCGAACGTCTGGCTCGACCCCGACCCC 
GAATTTGGCGTCACACTATCTGCTGTCACGCCG 
935160 935193 34 935247 935282 36 53 88.8889 5.5556 48 50.0000 50.0000 
50.0000 50.0000 0.0000 1870440 1870440 AAGGCATCTCTCGCAAAGGCGCAAAGAACGCAAA 
TTTGCGTCCTTTGCGCCTTTGCGAGAAGACTGCTTT 
935160 935282 123 935465 935586 122 182 73.4375 8.5938 64 51.4286 48.5714 
51.0638 48.9362 0.0000 1870747 1870745 
AAGGCATCTCTCGCAAAGGCGCAAAGAACGCAAAGAAACCCAACACAGAATCAGCCAGGGATCTGCTGCTTTCTT 
CAGGTTCTTCTTTTTGCGTCCTTTGCGCCTTTGCGAGAAGACTGCTTT 
AAGGCATCTCTCGCAAAGGCGCAAAGAACGCAAAGAAACCCAACACAGATTCAGCCAGGGATATCAGCTGCTTTC 
TTGAGTTCTTCTTTGCGTCCTTTGCGCCTTTGCGAGAAGACTGCTTT 
935465 935501 37 935548 935586 39 46 89.7436 5.1282 54 51.3158 48.6842 
51.4286 48.5714 0.0000 1871049 1871049 
AAGGCATCTCTCGCAAAGGCGCAAAGAACGCAAAGAA 
TTCTTTGCGTCCTTTGCGCCTTTGCGAGAAGACTGCTTT 
965933 965986 54 966006 966060 55 19 78.5714 5.3571 46 41.2844 58.7156 
40.9091 59.0909 0.0000 1931992 1931991 
CCGTTAACGAGCGCACCAATCCGAGCCGCGACCGTTAAGGGAGCGGTCGCTAAT 
ATTACCGACAGCTCCTTAACAGTCGCGGCTCCGATCATTGAGCGCTTGTCACCGG 
972472 972494 23 972537 972559 23 42 95.6522 0.0000 41 32.6087 67.3913 
31.8182 68.1818 0.0000 1945031 1945031 CCCGTCACGCAAGTCGCGTGACG 
CGTCACGCAACTTGCGTGACGGG 
1014409 1014437 29 1014526 1014554 29 88 89.6552 0.0000 43 36.2069 63.7931 
34.6154 65.3846 0.0000 2028963 2028963 TCCGAGCCGCGACCGTAAGGAAGCGATCT 
AGATCGCTCCCTTGCGGTCGCGGCTCTGA 
1081082 1081134 53 1081157 1081208 52 22 83.0189 1.8868 59 51.4286 48.5714 
52.2727 47.7273 0.0000 2162291 2162291 
GATTCTAGAAAAGGCAGTTTCTCGCAGAGGACGCAGAGATCGCAAAGAAAACC 
GGTTTTCTCTGCGATCTCCGCGTCCTCTGCGAGACATAATTTTTCCAGACTC 
1120857 1120886 30 1120907 1120938 32 20 90.6250 6.2500 45 46.7742 53.2258 



44.8276 55.1724 0.0000 2241793 2241793 CTTTGCGGCTTTGCGGCTTTGCGAGAAAGG 
CCTTTCTCGCAAAGCCGCAAAGTAACGCAAAG 
1120845 1120871 27 1120914 1120940 27 42 100.0000 0.0000 54 51.8519 48.1481 
51.8519 48.1481 0.0000 2241785 2241785 TTCTTTGCGTTACTTTGCGGCTTTGCG 
CGCAAAGCCGCAAAGTAACGCAAAGAA 
1259344 1259378 35 1259384 1259419 36 5 88.8889 2.7778 50 33.8028 66.1972 
31.2500 68.7500 0.0000 2518762 2518763 CAACGAGCCGCGACCGTTAGGGAGCGCTACCCCTG 
CAGGGCGTAATGCTCCCTTACGGTCGCGGCTCGTTG 
1278293 1278322 30 1278324 1278353 30 1 96.6667 0.0000 55 30.0000 70.0000 
27.5862 72.4138 0.0000 2556646 2556646 AACGAGCCGCGACCGTGAGGGAGCGCTACC 
GGAAGCGCTCCCTCACGGTCGCGGCTCGTT 
1378025 1378056 32 1378083 1378114 32 26 93.7500 0.0000 54 46.8750 53.1250 
46.6667 53.3333 0.0000 2756139 2756139 TCTCGCAGAGGACGCAGAGATCGCAAAGAAAA 
TTTTCTCTGCGATCTCCGCGTCCTCTGCGAGA 
1398749 1398788 40 1398807 1398846 40 18 95.0000 0.0000 70 45.0000 55.0000 
44.7368 55.2632 0.0000 2797595 2797595 
TTTTCTCGCAGAGCCGCAGAGCCGCAGAGTAACGCAAAGA 
TCTCTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAAA 
1427873 1427918 46 1428547 1428593 47 628 87.2340 2.1277 62 51.6129 48.3871 
53.6585 46.3415 0.0000 2856465 2856466 
TTTCTCGCAGAGACGCAGAGGCGCAGAGGAACGCAAAGAAGATAAA 
TTTCTCTCTCTTTGCGTTACTTTGCGGCTCTGCGTCTTTGCGAGAAA 
1511665 1511754 90 1512087 1512178 92 332 78.4946 4.3011 78 42.3077 57.6923 
43.8356 56.1644 0.0000 3023841 3023841 
TTCTTTTCGCGTTGCTGGGAGGTTTGCGGCGTTGCCAGAGGTCGGGAATTTCTCGCAGAGCCGCAGAGCCGCAGA 
GTCACGCAAAGAAGA 
TCTTCTTCGCGTGACTCTGCGGCTCTGCGGCTCTGCGAGAGACTGAGAGTTTCTCGCGAAGCCGCCAAGCCGCAA 
AGTAACGCCAAGAAGAA 
1512087 1512130 44 1512134 1512177 44 3 81.8182 0.0000 48 42.0455 57.9545 
41.6667 58.3333 0.0000 3024264 3024264 
TCTTCTTCGCGTGACTCTGCGGCTCTGCGGCTCTGCGAGAGACT 
AGTTTCTCGCGAAGCCGCCAAGCCGCAAAGTAACGCCAAGAAGA 
1522520 1522554 35 1522571 1522605 35 16 88.5714 0.0000 50 51.4286 48.5714 
51.6129 48.3871 0.0000 3045125 3045125 ATTGGCCGCAGATGAACGCCGATGAACACAGATAA 
TTATCTGCGTTTATCTGCGTTCATCTGCGGCCCAT 
1582455 1582490 36 1582515 1582550 36 24 83.3333 0.0000 42 56.9444 43.0556 
60.0000 40.0000 0.0000 3165005 3165005 TTTGGCCACGAATGCACACGAATGTCCACGAATAAA 
TTTATTCGCGTATATTCGTGTCCATTCGTGACCCAA 
1629056 1629111 56 1629138 1629190 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 3258249 3258249 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
1922697 1922737 41 1922755 1922793 39 17 85.3659 4.8780 48 45.0000 55.0000 
42.8571 57.1429 0.0000 3845492 3845492 
ATTCCTCGCAGAGACGCAGAGCCGCAGAGACCCGCAAAGAA 
TTCTTTGCGTTACTCTGCGGCTCTGCGTCTGCGAGAAAT 



2114413 2114462 50 2114582 2114631 50 119 84.6154 7.6923 56 35.0000 65.0000 
36.3636 63.6364 0.0000 4229044 4229045 
TGCGTATTCCGGGGCAAGCCGAACAGCATTCCGGGGCTGGCCGAACAGGC 
GCCTGTTCGGGCGCATCCCGGAATGCTGTTCGACTTCGCCGGAATGCGCA 
2359212 2359250 39 2359267 2359305 39 16 87.1795 0.0000 53 48.7179 51.2821 
47.0588 52.9412 0.0000 4718517 4718517 
TTTTCTCGCAGAGGCCGCAGAGATCGCAGAGAAAACCAA 
TTGGTTCTCTCTGCGTCCTTTGCGGTCTCTGCGAGAAAA 
2383422 2383454 33 2383477 2383509 33 22 87.8788 0.0000 46 42.4242 57.5758 
41.3793 58.6207 0.0000 4766931 4766931 CTCGCAGAGGACGCGGAGATCGCAGAGAAAACC 
GGTTTTCTTTGCGAGCTCTGCGTTCTCTGCGAG 
2416753 2417269 517 2426192 2426711 520 8922 73.4733 2.0992 331 38.5728 
61.4272 38.7013 61.2987 0.0000 4843461 4843464 
GTTGGCGAAGAAATTAGTCGCGTTGAGCACTTTGTTACGGAAGTACTCGTACGCCGACCCATGAAAATCGTTGGT 
GCCGCTGCGCGAAGCCATATTCATGACGCCGCCGGTATAGCGGCCATACTCAGCCGTGTTGTTGCTGGTCTGAAT 
GCGGAACTCGGAGACCGCGTCTGCGCTCGGTGTCAGGGCAACGATGTTGCCGTAGGTGTCATTCACCGGCACGCC 
GTCGTAATACGTTGCGCTCTGGTTCGCCGTGCCGCCGCCGATCTGGTAATTGCCCGCGGCGAAGACGTTCTTGCC 
GGTGAGGCTCCCTTCAGAGCTGCCCTGCGGCACCACCCCCGGCGCGAGCGAGATCAAGTTCAGGATATTGCGCCC 
GTTCAGCGGCAGTTCCTGCACCGCGCGCGTGCCGACCACCTGGCTCAAATTGGCCGTTTCCGTTTGCAGCAGCGG 
CGCTTCGGCCTGCACTTCCACGGACTGGTTGACGTCACCGACTTGCATTGCGATATCCGCGCGCACC 
GGTCCGCGCCGACATTTCGTTGCAGCTCGGCGACGTCACCCAGACAGTGGAAGTCCAGGCGGCGGCGCCACTGCT 
GAGGACCGAAGACGCCAACCTGAGCCAGGTCGTCAGCTCCAGAGCCGTAGAGGACTTGCCGGTGAACGGCCGCAA 
CATTCTCAACCTCACGGCACTGGTTCCTGGCGTGGTGCCGCAAGGCACGACCGATGGAAACGCGATCACCGGCAA 
GAATATCTTCGCCGCCGGAAATTATCAGATCGGCGGCGGCGCGGCGAACCAGGGCGCGGTCTATTACGACGGCGT 
TCCCGCCAATTCCGCGTTGGGAAATCTGGTGAACATGGTGCCGAGCCCGGACGCGATCGCGGAGTTCCGAGTTCA 
AACCAACAGCAACAACGCCGAATTCGGGCGTTACGCGGGCGGCGTGGTGAATATCTCTTCGCGATCGGGCAGCAA 
CCAGTATCATGGCAGCGCGTACGAGTACTTCCGCAACGATGTCCTGAACGCTACGAACTTCTTCGCCAAC 
2422870 2423579 710 2431595 2432304 710 8015 69.8324 1.6760 328 41.0563 
58.9437 42.8000 57.2000 0.0000 4855174 4855174 
CCCTGCTTTTCGAGATAGGCCTTCGCGATCCTCGCGTTTTCCAGGCCCGAAGCCGGTTGGGGCGGTGGCGAATCG 
AGCTCCACCATTACCAGCCCCGCCGTCTGGCGGCCTTCCATCATCGAAAGAATCGCCGGAACATCGACCTTCCCC 
TGGCCGAGCGGACAATATCCGAGATACTCCTGGCCGCCTGAATAATCCTTCAGGTGCATATGCTGCACCAGCGGA 
AGAAAATGCTTCACCACCTGCACCGGGTCCGATCCGCCCTTCTGCAACTGACCGATGTCCGGCCCGAACTTCATT 
ACTTTCGTATCCACAGACTCCATCACGGCGTACGTCTCATCGCGCGTTTCGACGCAGGTTCCCGTATGCTGATGC 
AGAACCGGAGTCAGGCCCATATCGGTCACGGCCTTTCCAAGTTCGTTGAGCGTGGTGAGAATATCGTCCTTATGC 
GCTTTGAAATCGAAGCTGTCGCGCCGCACACCATTCGGTCCCACCACGATCACTTTGCCGTTGTACTTCCTAACG 
AGCCTCGCCCAGTCCAGGGTTTTTGCGATCGAATCCTTTCGGGCCGCGGGATCGGACAGATTGGTCGAGCAGTAT 
GCCGAGATGAGCGGCAGCTTATGCTGTGCGAGCAGGGCGCCGATGCCACCCTCCGCCTCCATCGCTTCGATCTGG 
TTGCCAAACAACTCGACGCCGTAAAAGCCGAGCCC 
GGACTTGGCTATTACGGGCTCGAACTCTTCAGCTTCCAGGTTCAGGGAATGGAGGCGAACGGCGGGATCGCATCT 
CTGATCGAAAAATACAACCTCCCGTTGATTTCCGCGTACGGCGGGCCGAACCTCATGGATGCCGGGCAGCGTCAG 
GAAAACATCGCACAGGCGATCGAGTGGGGAAAGCTGCTGAAGAAGTACGGCGGCAAAGTCGTAACCATCGGCCCC 
AATGGCGTGCGGCGCGATTCCTACAATTTCAAAGAGCATAAGGACGAAATCGTCACCACGCTGAATGAATACTGC 
AAAGCGCTGACCGATATCGGGCTGACCGGATGCCTTCATCAGCACACCGGCACCTGCATCGAATCCCGCGACGAG 
ACGTACGCCGTGCTGGAAGCGGTAGACACGCGGTACGTCAAGTTCGGTCCGGATATCGGGCAGCTTCAGAAAGGC 
GGCTCCGACCCCGTGCAGGTGGTGAAGGACTTCCTGCCGCTGGTGAATCACATGCACGTGAAGGACTACACCGGC 



GGAGAGGCGTTCGTGGGCTACTGCCCGCTGGGACAAGGCAAGGTCAACATTCCCGCAATCCTCGACATGATGGAC 
GGGCGGCCCACCGCCGGCATGCTCATGGTCGAACTCGACGGCGGACCGCGAATGCCGATGACTGCGCTCGAGACG 
GCAACGATCGCAAAGGCGTACCTGGAAAAACAGGG 
2575975 2576009 35 2576022 2576056 35 12 94.2857 0.0000 60 34.2857 65.7143 
33.3333 66.6667 0.0000 5152031 5152031 AGCGGACGCTCCCTAACGGTCGCGGCTCGGATATC 
GACATCAGAGCCGCGACCGTTAGGGAGCGTCCGCT 
2852073 2852250 178 2854204 2854380 177 1953 91.5730 0.5618 279 37.1831 
62.8169 36.8098 63.1902 0.0000 5706454 5706454 
GAGCCGCGACCGTGAGGGAGCGTCCGTTGTACGTGTAAACCACGATTCCAGTTTGCGGCCCTGCCGCTTTGTGGG 
GCAGGCAATCCTGCCTGTCGCGATGGCGCTGCGCGCCATTTAAGGGAATGAAAACCCCTTTGTGGGGCAGCCAAT 
CGTGGCTGCAGCCGCCTTTCAGGCGGCT 
AGCCGCCTGAAAGGCGGCTGCAGCCACGATTGGCTGCCCCACAAAGGGGTTTTCATCCCCTTAAATGGCGCGCAG 
CGCCATCGCGACAGCCAGGATTGGCTGCGCCACAAGGCGGCGAGCCGCAAATTGAGGGCGTGGTTTAACCGTACA 
ACGGACGCTCCCTTACGGTCGCGGCTC 
2884685 2884724 40 2884752 2884791 40 27 92.5000 0.0000 65 37.5000 62.5000 
35.1351 64.8649 0.0000 5769476 5769476 
AGATTAGCGACCGCTCCCTGACGGTCGCGGCTCGGATGGA 
TCCTTCCGAGCCGTGACCGTCAGGGAGCGGTCACTAATCT 
2888071 2888124 54 2888129 2888183 55 4 81.8182 1.8182 58 52.2936 47.7064 
51.1111 48.8889 0.0000 5776253 5776254 
GCTCTTAGTCTTATCCGTGTTGATCCGCGTTCATCCGCGGCCAATTCTGCTTTT 
AAAAGCCAATATAGGCCACGGATGAACACGGATGAACGCGGATAAGAAAAAGAGC 
2898340 2898376 37 2898394 2898431 38 17 89.4737 2.6316 54 30.6667 69.3333 
29.4118 70.5882 0.0000 5796770 5796771 
CCGGCGAACCGCGACCGTGAGGGAGCGATCGCTTGCT 
AGTAAGCCGATCGCTCCCGCACGGTCGCGGTTCGCTGG 
2904896 2904933 38 2904949 2904987 39 15 84.6154 2.5641 46 53.2468 46.7532 
54.5455 45.4545 0.0000 5809882 5809882 
TTTCTCGCAAAGGCGCAAAGAGCGCAAAGAAAACCAAA 
TTTGGTTTTCTCTGCGTTCTTTGCGGTCTCTGCGAGGAA 
2904945 2904994 50 2905272 2905322 51 277 82.3529 1.9608 55 61.3861 38.6139 
61.9048 38.0952 0.0000 5810266 5810267 
TTTGTTTGGTTTTCTCTGCGTTCTTTGCGGTCTCTGCGAGGAATATTCTT 
AAGAATTTTTTCTCGCAAAGAACGCAGAGATCGCAAAGAAAACCAAAGAAA 
2907012 2907049 38 2907144 2907181 38 94 100.0000 0.0000 76 44.7368 55.2632 
44.7368 55.2632 0.0000 5814193 5814193 
TCTCGCAGAGCCGCAAAGCCGCAAAGTAACGCCAAGAA 
TTCTTGGCGTTACTTTGCGGCTTTGCGGCTCTGCGAGA 
2919318 2919350 33 2919399 2919432 34 48 91.1765 2.9412 51 44.7761 55.2239 
41.9355 58.0645 0.0000 5838749 5838749 GGCTTTCTTTGCGGCTTTGCGGCTTTGCGAGAA 
TTCTCGCAAAGCCGCTAAGCCGCAAAGTAACGCC 
2964326 2964358 33 2964386 2964419 34 27 97.0588 2.9412 61 37.3134 62.6866 
36.3636 63.6364 0.0000 5928744 5928744 CGGAGCCGCGACCGTAAGGGAGCGGTTGGTAAT 
ATTACCAACCGCTCCCTTACGGTCGCGGCTTCCG 
3088962 3088996 35 3089013 3089047 35 16 91.4286 0.0000 55 31.4286 68.5714 
31.2500 68.7500 0.0000 6178009 6178009 GACACCAACGAGCCGCGACCGTCAGCGAGCGTTAC 



GTAGCGCTCCCTGGCGGTCGCGGCTCGTTGGTGTC 
3102411 3102458 48 3102465 3102512 48 6 77.0833 0.0000 41 48 .9583 51.0417 
45.9459 54.0541 0.0000 6204923 6204923 
ATCTCTCGCAAAGCCGCAAAGCCGCAAAGAACCGCTAAGAAGACAGAA 
TTCTTGCTTCTCTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAAT 
3110888 3110921 34 3110947 3110979 33 25 94.1176 2.9412 56 52.2388 47.7612 
53.1250 46.8750 0.0000 6221868 6221868 GTTGTTCTTCTTGTCGTTACTTTGCGGCTTTGCG 
CGCAGAGCCGCAAAGTAACGACAAGAAGAAAAC 
3110907 3110988 82 3111010 3111091 82 21 79.5181 2.4096 77 47.5610 52.4390 
48.4848 51.5152 0.0000 6221998 6221998 
CTTTGCGGCTTTGCGAGAACCAGCAGTTCTCTCGCAGAGCCGCAGAGCCGCAAAGTAACGACAAGAAGAAAACCA 
ACAACGA 
TCGTCTTTGTTCTTGTTCTTAGCGTTACTCTGCGGCTCTGCGGCTCTGCGAGAACCAACAGCTCTCTCGCAAAGC 
GACAAAG 
3111023 3111062 40 3111074 3111113 40 11 85.0000 0.0000 50 46.2500 53.7500 
47.0588 52.9412 0.0000 6222136 6222136 
TGTTCTTAGCGTTACTCTGCGGCTCTGCGGCTCTGCGAGA 
TCTCGCAAAGCGACAAAGCCGCAAAGTAACGCCAAGAACA 
3168680 3168713 34 3168736 3168769 34 22 88.2353 0.0000 48 41.1765 58.8235 
40.0000 60.0000 0.0000 6337449 6337449 TCTCGCGGAGGACGCGGAGATCGCAGAGAAAACC 
GGTTTTCTCTGCGATCTCTGCGGTCTCTGCGAGA 
3276179 3276220 42 3276225 3276267 43 4 81.3953 2.3256 44 58.8235 41.1765 
60.0000 40.0000 0.0000 6552445 6552446 
TATCTGTGTTCATCTGCGTTTATCTGCGGCCATATTGCTTTT 
AAAAACAGTAATGGCCACCGATGAACACAGATGAACGCAGATA 
3324027 3324061 35 3324077 3324111 35 15 82.8571 0.0000 40 50.0000 50.0000 
44 .8276 55.1724 0.0000 6648138 6648138 CGCAGAGCCGCAGAGTCACGCAGAGAAAATTAAAC 
GTTTTTTCTTCTCAGTGTTACTCTGCGGCTCTGCG 
3324012 3324054 43 3324094 3324134 41 39 83.7209 4.6512 47 53.5714 46.4286 
50.0000 50.0000 0.0000 6648148 6648146 
GTAAAAGTATTTTCTCGCAGAGCCGCAGAGTCACGCAGAGAAA 
TTACTCTGCGGCTCTGCGTCTCTGCGAGAAAAAAACTTTAC 
3370514 3370569 56 3370596 3370648 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 6741165 6741165 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
3388042 3388077 36 3388612 3388647 36 534 88.8889 0.0000 52 31.9444 68.0556 
28.1250 71.8750 0.0000 6776689 6776689 ACAGTCGGAGCCGCGACCGTAAGGGAGCGTCCTGCC 
GGCGGGACGCTCCCTAACGGTCGCGGCTCTGAATGT 
3438780 3438835 56 3438862 3438914 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 6877697 6877697 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
3463336 3463377 42 3463426 3463467 42 48 97.6190 0.0000 79 53.5714 46.4286 
53.6585 46.3415 0.0000 6926803 6926803 
TTTTCTTAGCGTTACTTTGCGGCTTTGCGGCTTTGCGAGAAA 



TTTCTCGCAAAGCCGCAAAGCCGCAAAGTAACGCCAAGAAAA 
3548858 3548906 49 3548936 3548985 50 29 86.0000 2.0000 63 49.4949 50.5051 
51.1628 48.8372 0.0000 7097842 7097843 
TTTTCTCGCAGAGACGCAGAGCCGCAGAGAACCGCGAAGAAAACAAAAA 
TTCTTCTTCTTCTTGGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAGAA 
3590047 3590074 28 3590589 3590616 28 514 96.4286 0.0000 51 28.5714 71.4286 
29.6296 70.3704 0.0000 7180663 7180663 CGATCGCTCCCTGACGGTCGCGGCTCTG 
CAGAGCCGCCACCGTCAGGGAGCGATCG 
3642325 3642379 55 3642407 3642458 52 27 80 .0000 5.4545 49 42.0561 57.9439 
40.9091 59.0909 0.0000 7284786 7284786 
GCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGAATCTGTCAAGGG 
CCCTTGACGGATTCCCACCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGC 
3683367 3684608 1242 3687338 3688579 1242 2729 78.4455 0.9615 1127 40.1771 
59.8229 39.7344 60.2656 0.0000 7371946 7371946 
GGCTGACCCTCCAGATAGAGCCGGAGCCGTCATCGGAAACGAGTAGCGATCCATCGGACGCAGCGGCAACTCCGA 
CGGGACGGCCCCAGACGGCGCCGTTTTCCAGAACGAAACCCGTGAGGAAGTCTTCATAGACTCCATTGGCTTTGC 
CATCCTTGAGCGGCACGCGTATGACTTCGTAGCCGCTACGAACCGAGCGGTTCCACGAACCGTGCTGGGCCGCGA 
AGATGTCCCCCTTGTATTCGGCGGGGAACTGCGCCCCTTCGTAGAACATCATCTGTAAGGACGCGTTGTGCGGTT 
GCAGGAGCACATCAGGGACAATCACCTTACTCTTCAGTTCGGGATGTTTGCCGGCTTGGCGAGGATCCTGATTCC 
CGCCCGTGTAGAACCACGGCCAGCCATAGAAACCGCCTCGCTCGATGTGCGTGATGTAATCCGGGACCAGATTGT 
CTCCCAACCCGTCGCGTTCATTCACGGAGCACCAGAGCTCGCCGGTCGTGGGATTGACAGCCAGACCAACCGGAT 
TGCGAATGCCCGACCCGTAGACCCCGACGAACTTGCCTTCGGGTGTGTATTCGAGAACATTCGCCCGATTCCTAT 
CAGCCGGATGGTCATCGGGATCGTCAGCGTTCGACTGCGACCCGAGGGCTACGAAGAGACTCTGTCCGTCGAGCG 
AGAAGGCCAGATCGCGGGTGATGTGTCCTCCGGCTGGAAGGCCGGTGATGATTGTCTCTGCGTTGCCTGTGGCGC 
TGAGATCATCGCGCTTGTAGGCAAATCGAAGCACGGTAGTCGTGTTGGAGACGTAGAGCCATGCCGGATTGTCGC 
CTGAAGGAAAGAAAGCCATCCCAAAGACCGAGCCGAGGCCGGTGGCGAACACCCTTTCGAGAAGCGGTTTGCCAT 
CGGCACCGGCTCCCCTGTATACGCGAATCTGGCCGGAACCGGTTTCGGCCAGGAACACGTCGCCATTCGGAGCCC 
GCTTCATAGCGCGCGGCGTCCGCAGGCCAGAGGCGTAGAGGTTCACATTGAAGCCAGGAAGGGCCTGCGGCATCA 
CCCCGGCGGGCCGCGCGACAACCTGCGGGAAGGCGGTAACGGACTGGGTCGCATATGGCTGTGGGAAATCCGCGG 
GCGTCAACCTGCAGAAAATCCCTGGCTTTTGTGTCTGCACGCTGCTGAATGCGGCGCTTCCCGTCAAAACATTGG 
TCGGATTGGCGTCTGCCCAGACGAGCAGGCCACTTATGGCCA 
TGGCCATAAGCGGCCTGCTGGCGTGGGCAGACGCCTATCCGGATAAGGTGCTGACGGGAAAAGCCGCGTTCAGCG 
ACGTGATTACGCAGAAGCCGGGCCTCTTCCGGAAGCTGACGCCTGCGGATCTCCCAGCACCCTATGCGACTTCGT 
CCGTTAGCGGCTTTCCGCGTGTGGTCGCGCGGCCGGCTGGGGCGCTGCCGCAAGCACTGCCTGGGTTTGTCGTTA 
ACCTCTATGCTTCCGACCTGAAGACTCCGCGAGCCTTGAAGCGGGCTCCGAATGGGGACGTCTTCCTGGCCGAAA 
ACGGCAGCAGCCAAATCCGTGTGTACCGAGGGATCGGCAGCGATGGAAAATCGGCCACGGAATCTGTCTTTGCCA 
CAGGTGTCGGCACGGTTTTCGGGATGGCTTTCTATCCGCCGGGCGACGATCCCAAATGGCTCTACGTCTCGAACA 
TGACCACCGTCTATCGCTTTGGGTATTCGCGCAATGATCTCACTGCCACGGGTAAACCGGAGACGATCATCAGCG 
GGATTCCGGGCGGAGGACATGTGACCAGGGACTTGGCCTTTTCCCGAGATGGCAAGAGCCTCTTCGTGGCGATCG 
GGTCTCAGTCGAATGTCAACGATCCAGATGAACGCCCGGCCGAGAAGAACCGCGCCAATGTTCTCGAATACACAC 
CCGACGGCAAGTTCGTCAGAGTCTATGGTGGTGGCATCCGCAACCCCGTTGGTCTCGCCGTCAACCCGACAACGG 
GCGAGCTCTGGTGCTCCGTGAACGAACGTGACGGGTTGGGAGATAATCTGGTGCCTGATTACATCACTCACATCG 
AGCCGGGCGGCTTCTATGGCTGGCCCTGGTTCTACATCGGCGGCAATCAGGATCCCCGTCTCGCCGGCAAACACC 
CCGAACTCAAAGACAAGGTAATCGTGCCTGACGTATTGCTGCAACCGCACTTCGCGTCACTGCAGATGATGTTTT 
ATGAAGGCACGCAGTTCCCCGCTGAATACAAGGGCGATATCTTCGCCGCGCAGCACGGATCCTGGAACCGCAGCG 
TTCGAACCGGGTACGAAGTGATACGCGTACAACTCAAAAACAGCAAGGCCAATGGAACCTATGAAGACTTCCTGA 



CGGGCTTCGTCCTGGAGAACGGTGAGGTATGGGGACGTCCGGTCGGCGTCGCAGCCGCTTCCGATGGATCTCTGC 
TGGTTTCTGATGACGGCTCCGGTTCCATTTGGAGAGTCAGCC 
3720367 3721038 672 3728391 3729063 673 7352 98.9599 0.1486 1309 45.4275 
54.5725 45.3453 54.6547 0.0000 7449429 7449429 
GTGTCCTTTCGGCAAGGATGCATAGTTTGGATTTATTGGGCATTTCGCCGTCTGTTCGTCTAAGGTAAACAGCTT 
AGGCTGACGAATGATTATGCATGCGAACCATTGGTACTTCCGTCAAAGGAAAATCGTGTGCGCTGCTGGTTCTAC 
CTGGTCAGTGCCTGCGGGTGTCGAGAGCGGCGGAAAAAAGGCGAGGGTGGCTACTGCCCCACCGGACACGGCCAC 
CACCAGTTTTGCGGTCGCCCTACGGAGGGCGAAGGGTCGGAGCTTACCTGTTGGCGCTGCCGATGTTCGGGTGGG 
CTGGGGCAGGAACAGCGAAAATGGTTGTAGAGCGACAAGTCCATGAACTGGGTGGCTGTGGATTCGAGTGTGTTT 
GCTTCGGTGGCATACCGCTGTGACCAGCGTCAGCTGTTTCTAAGGTTCCATAGCGGCAAAGTCTATCGCTATTTC 
GGGTTCCCGTCGGAACATTATGATGAGTTGCTTGCAGCAGAGTCTAAAGGCGGGTATTTTGCCGAGAGCATCCGG 
GGGAAGTTTCTCTATGAAGAGGTTCGCGAGGCTTGACCTATTTCTTCAAGAAATAGGTCAGGCCAGAATGCGGCG 
AACGGAGGTGCGACCGATCTGCAAGCGACGGGCGATCTCGGCTTTGCTGACGCCGGCAAGATACAGTTTTCG 
CGAAAACTGTATCTTGCCGGCGTCAGCAAAGCCGAGATCGCCCGTCGCTTGCAGATCGGTCGCACCTCCGTTCGC 
CGCATTCTGGCCTGACCTATTTCTTGAAGAAATAGGTCAAGCCTCGCGAACCTCTTCATAGAGAAACTTCCCCCG 
GATGCTCTCGGCAAAATACCCGCCTTTAGACTCTGCTGCAAGCAACTCATCATAATGTTCCGACGGGAACCCGAA 
ATAGCGATAGACTTTGCCGCTATGGAACCTTAGAAACAGCTGACGCTGGTCACAGCGGTATGCCACCGAAGCAAA 
CACACTCGAATCCACAGCCACCCAGTTCATGGACTTGTCGCTCTACAACCATTTTCGCTGTTCCTGCCCCAGCCC 
ACCCGAACATCGGCAGCGCCAACAGGTAAGCTCCGACCCTTCGCCCTCCATAGGGCGACCGCAAAACTGGTGGTG 
GCCATGTCCGGTGGGGCAGTAGCCACCCTCGCCTTTTTTCCGCCGCTCTCGACACCCGCAGGCATTGACCAGGTA 
GAACCAGCAGCGCACACGATTTTCCTTTGACGGAAGTACCAATGGTTCGCATGCATAATCATTCGTCAGCCTAAG 
CTGTTTACCTTAGACGAACAAACGGCGAAACGCCCAAATAAATCCAAACTACGCATCCTTGCCGAAAGGACAC 
3908470 3908502 33 3908505 3908537 33 2 90.9091 0.0000 51 34.8485 65.1515 
36.6667 63.3333 0.0000 7817007 7817007 ATTAGCAACCGCTTCCTGACGGTCGCGGCTCGG 
CCGAGCCGCGCGCGTCAGCAAGCGGTTGCTAAT 
4028643 4028696 54 4028796 4028849 54 99 83.6364 3.6364 61 28.7037 71.2963 
28.2609 71.7391 0.0000 8057492 8057492 
CAGCCAATCCTGGCTGCAGCCGCCTTTCAGGTGGCTTCCGCGCACTCGCCCGGT 
ACCGGCTCGAGCGCGCGACGCCGGCTGAAAGCCGGCGGCAGCCAGGATTGGCTG 
4030038 4030067 30 4030174 4030203 30 106 93.3333 0.0000 50 25.0000 75.0000 
25.0000 75.0000 0.0000 8060241 8060241 GGTGAGTTTCCCGCCGCAGCCGCCCATCGC 
GCGACGGGCGGCTCCGGCGGGAAACTCACC 
4119399 4119445 47 4119460 4119507 48 14 79 . 5918 6.1224 42 49.4737 50.5263 
48.7179 51.2821 0.0000 8238905 8238905 
GGCTAAAGAATTTCGGGCCGCAGATGAACGCAGATAAACGCAGATAA 
TTATCCGCGTTGATCCGTGTTCATCCGCGGCCCATTTCTGCTTTAGCC 
4138197 4138224 28 4138252 4138279 28 27 89.2857 0.0000 41 41.0714 58.9286 
40.0000 60.0000 0.0000 8276476 8276476 CGCAGAGCCGCAGAGTTTCGCAGAGAAA 
TTTCTCTGCGTGACTCTGCGGGTCTGCG 
4143993 4144018 26 4144043 4144068 26 24 92.3077 0.0000 42 28.8462 71.1538 
29.1667 70.8333 0.0000 8288061 8288061 CAACGAGCCGCGACCGTCAGGGAGCG 
CGCTCCCTTACCGTCGCGGCTCGTTG 
4152598 4152639 42 4152666 4152708 43 26 88.3721 2.3256 59 43.5294 56.4706 
42.1053 57.8947 0.0000 8305305 8305306 
TTTCTCGCAGAGCCGCAGAGCCGCAGAGTAACGCAGAGAGAA 
TTCTTCTTGGCGTGACTCTGCGGCTCTGCGTCTCTGCGAGAAA 



4152660 4152706 47 4152718 4152763 46 11 87.2340 2.1277 62 44.0860 55.9140 
43.9024 56.0976 0.0000 8305424 8305424 
TGGTCTTTCTTCTTGGCGTGACTCTGCGGCTCTGCGTCTCTGCGAGA 
TCTCGCAAAGCCGCCAAGCCGCAGAGTAACGCCAAGAAGAAAACCA 
4277430 4277470 41 4277486 4277526 41 15 92.6829 0.0000 67 45.1220 54.8780 
44.7368 55.2632 0.0000 8554956 8554956 
ATTTCTCGCAGAGCCGCAGAGCCGCAGAGTCACGCAAAGAA 
TTCTTGGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAAT 
4399259 4400085 827 4408021 4408841 821 7935 68.6532 3.5757 303 38.1675 
61.8325 37.1528 62.8472 0.0000 8808106 8808100 
CCCATGCCCGCGCGAGCCTTTCCGTCCTCGCTGAAAGCCACGCCCGCGCGGACGCCGACATCTTCGAACGTCCCG 
TTGCGAAGATTGCGATAGAGCTTGTTGGGCTGCGTGTCGTTGGCAATCAAAATGTCCGGCCAGCCGTCGCGATCG 
TAATCCAACAGCGCGACGCCGAGCGATTTGGACGTGCTGTCGAAGATGCCGCTCTTCGCGGTGACGTCTTCGAAG 
GTGCCGTTGCCGCGGTTGCGGAACAGCCAGCAGGTCTCGCCGTGGTAGGCCTCGGGAGTGCAGAACGATTTGCGC 
GAGCCATCGACACTGCAAAAAACGTCGTGCTCCGCGGACCACTTGACGTAATTGCAAACGAAGAGGTCCAGCAGC 
CCGTCGCGATCGAAATCGAACCACATGGCCGATGTGCTGAAGGCGCTGCGGCCGCCCAGGCCGGCTTTCTCGGTG 
ACGTCGAGGAACCGGCCGCGGCCATCGTTATGGAACAAGCGGTTCTGTCCGACGGCTGTCACCAGGAGATCTGCA 
AAGCCGTCGTTGTTGTAATCGCCGATCGCGACGCCCATGCCGTACATTTCCACCGCGAGCCCGGCGCGCTCGGTA 
ACGTCGGTGAATGTGCCGTTGCGATTATTGCGGTAGAGCCGCAAGGTGGAGCGCTCGGTGCGATGACCGGGCCAG 
CCGGTTCCATTGACCAGCAAAATGTCGAGCCAGCCATCGGCATCGTAATCGAAGAAGGCGCAGCCGGGGCCCATG 
GTTTCGGGCAGGTACTTGGCTCCGAAGGCGCCGCTGTTGTGGTGGAACTGAATGCCGGCCGCCGCGGTGACGTCG 
GT 
ACCGATGTGACCGCGCAGGCCGGCATACGCTTCACGCACAATAGCGGACGCGCCGGCAGGAAGTATCTGCCGGAA 
ACTCTTGGCTCCGGCTGCGCGTTCTTCGATGTTGACGGCGATGGCTGGCCCGACATCCTGATGGTGAATAGTAAG 
GACTGGACGCCGCGCGGCCGCAAATCGCTCGCGGCTCTCTACCGCAACAACCACAACGGCACCTTCACCGACATC 
ACTGCGGGCAGCGGCCTGGACATCGAAATGTACGGTCTGGGCGTGGCCATCGCCGATTACGACAACGATGGCCGC 
GAAGACGTTTACATCACCGCGCTCGATGGCGACCACCTCTTTCACAATGAGGGTAACGGCAAATTTCGCGATGTG 
ACCAAGTCCGCCGGAATTCAGAACGCCAACTTCGGCACCAGCGCGGCGTGGCTGGACTACGACCGCGACGGCAAG 
CTGGACCTATTCGTCGCCAACTATGTGCAGTGGACCCCGAAGAACGATCTCTTCTGTTCGCTTGATGGCGCCGCG 
AAATCGTACTGCACCCCCGAATCCTACAAGGGTACGCGCAGCCGTCTATTCCACAACCTGGGTGGAGGCCGGTTC 
GAGGACGTCGGGGAGAAGGCGGGGATCGGCGATCCGACGAGTAAGTCGCTGGGTGTAACCGTGCTCGATTACAAC 
GCCGACGGATGGCCGGACCTTTTCGTGGCCAACGACACGCAGCCCAACAAGCTGTATCGCAATAACAAGAACGGC 
ACCTTCACCGAAGAGGGCATGACTGCCGGCGTGGCGTACGGAGAGGACGGAGTTGCGCGCGGGGCGATGGG 
4441415 4441438 24 4441465 4441488 24 26 100.0000 0.0000 48 29.1667 70.8333 
29.1667 70.8333 0.0000 8882903 8882903 AACGAGCCGCGACCGTCAGGGAGC 
GCTCCCTGACGGTCGCGGCTCGTT 
4457683 4457703 21 4457749 4457769 21 45 100.0000 0.0000 42 52.3810 47.6190 
52.3810 47.6190 0.0000 8915452 8915452 TGGTGACCTAAGTTAGGTCAC 
GTGACCTAACTTAGGTCACCA 
4511397 4511445 49 4511476 4511524 49 30 83.6735 0.0000 58 42.8571 57.1429 
39.0244 60.9756 0.0000 9022921 9022921 
TTCTTCTTGGCGTTACTTTGCGGCTTTGCGGTTCTGCGAGAAATGACGC 
GCGCCTTCTCTCGCAGAGCCGCAGAGCCGCAAAGAACCGCCAAGCAGAA 
4511484 4511515 32 4511543 4511574 32 27 87.5000 0.0000 44 35.9375 64.0625 
32.1429 67.8571 0.0000 9023058 9023058 TCTCGCAGAGCCGCAGAGCCGCAAAGAACCGC 
GCGTTACTCTGCGGCTCTGCGTCTCTGCGAGA 



4511476 4511563 88 4511634 4511721 88 70 76.4045 2.2472 69 44.3182 55.6818 
39.7059 60.2941 0.0000 9023197 9023197 
GCGCCTTCTCTCGCAGAGCCGCAGAGCCGCAAAGAACCGCCAAGCAGAATTTGAAGCTGTTTTCTCTGCGTTACT 
CTGCGGCTCTGCG 
CGCAGAGCCGCAGAGTGACGCAGAGAAGAATTGGCCCTTCTCTTCTTTGCGTTACTTTGTGGCTTTGCGGCTTTG 
CGAGAAATGACGC 
4526153 4526211 59 4526225 4526282 58 13 86.4407 1.6949 76 47.8632 52.1368 
47.0588 52.9412 0.0000 9052436 9052435 
TCTTCTTGGCGTTACTTTGCGGCTTTGCGGCTTTGCGAGAAATTAATGCCCCTTTCGGG 
CCCGAACAGTGCCTTCTCTCTCGCAAAGACGCAAAGCCGCAAAGTAACGCCAAGAAGA 
4535664 4535704 41 4535744 4535786 43 39 84.0909 9.0909 45 51.1905 48.8095 
51.3514 48.6486 0.0000 9071448 9071449 
TCTCGCAGAGCCGCAGAGAACCACAAGGAAACCAAGTTTTT 
AAAAGCTTTGGTTTTCTCTGCGTTCTCTGCGGTCTCTGCGAGA 
4722441 4722529 89 4722579 4722665 87 49 77.5281 2.2472 74 50.5682 49.4318 
49.2754 50.7246 0.0000 9445108 9445108 
TCTCGCAACGGCGCAAAGGACGCAAAGAAGAACAGCTTCCGGCTGAAATTCTTCTTGGCGTTACTTTGCGGCTTT 
GTGTCTCTGCGAGA 
TCTCGCAAAGCCGCAAAGCCGCAAAGTAACGCCAAGAAGACTCCAAAATTCTTAGGTTTTCTTTGCGATCTTTGC 
GCCTTTGCGAGA 
4722576 4722616 41 4722627 4722668 42 10 80.9524 2.3810 42 54.2169 45.7831 
55.8824 44.1176 0 .0000 9445243 9445244 
ATTTCTCGCAAAGCCGCAAAGCCGCAAAGTAACGCCAAGAA 
TTCTTAGGTTTTCTTTGCGATCTTTGCGCCTTTGCGAGACAT 
4823882 4823921 40 4823951 4823990 40 29 90.0000 0.0000 60 38.7500 61.2500 
38.8889 61.1111 0.0000 9647872 9647872 
TTTCTCGCAGAGCCGCGGAGCCGCAGAGTCACGCCAAGAA 
TTCTCTGCGTGACTCTGCGGCTCTGCGCCTCTGCGAGAAA 
4841162 4841181 20 4841224 4841243 20 42 100.0000 0.0000 40 30.0000 70.0000 
30.0000 70.0000 0.0000 9682405 9682405 CAACGAGCCGCGACCGTGAG 
CTCACGGTCGCGGCTCGTTG 
4914781 4914819 39 4914837 4914874 38 17 92.3077 2.5641 61 42.8571 57.1429 
41.6667 58.3333 0.0000 9829656 9829655 
TCTCGCAGAGCCGCAGAGCCGCAGAGTTAACGCAGAGAA 
TTCTTTGCGTTACTTTGCGGCTCTGCGGCTCTGCGAGA 
4925205 4925244 40 4925269 4925308 40 24 92.5000 0.0000 65 43.7500 56.2500 
43.2432 56.7568 0.0000 9850513 9850513 
TTTCTCGCAGAGGCGCAGAGCCGCAGAGTACCGCAAAGAA 
TTCTTCGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAA 
4929970 4930013 44 4930045 4930088 44 31 95.4545 0.0000 78 50.0000 50.0000 
50.0000 50.0000 0.0000 9860058 9860058 
TCCTTTTCTCGCAAAGCCGCAAAGCCGCAAAGTAACGCCAAGAA 
TTCTTTGCGTTACTTTGCGGCTTTGCGGCTTGGCGAGAAAAGGA 
4925203 4925308 106 4929974 4930086 113 4665 76.5217 9.5652 73 48.4018 
51.5982 51.1364 48.8636 0.0000 9855282 9855282 
CTTTTCTCGCAGAGGCGCAGAGCCGCAGAGTACCGCAAAGAAGAAAAAGAAGCGCTGCTTGACGTGTTCTTCGCG 



TTACTCTGCGGCTCTGCGTCTCTGCGAGAAA 
TTTCTCGCAAAGCCGCAAAGCCGCAAAGTAACGCCAAGAAGAAGAAACCAGGATTCCTTTTGTGCTGGGTTTTCT 
TTGCGTTACTTTGCGGCTTTGCGGCTTGGCGAGAAAAG 
4987049 4987104 56 4987131 4987183 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 9974235 9974235 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
5010524 5010576 53 5010603 5010658 56 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 10021179 10021179 
GGCCCCCTTTCCCTCGGGTACCAGATTCCAGAACGGAGGGAATCGGTCAAGGG 
CCCTTGACCGATCCCCACCGTTCTGAAGAAAGAGCTGAGATGAGGGAAAGGGGGCC 
5053176 5053213 38 5053237 5053274 38 23 86.8421 0.0000 51 42.1053 57.8947 
39.3939 60.6061 0.0000 10106450 10106450 
TTTCTCGCAAAGACGCAGAGCCGCAGAGAACCGCAAAG 
CTTCGCGTTACTCTGCGGCTCTGCGCCTCTGCGAGAAA 
5059915 5059969 55 5060273 5060327 55 303 90.9091 0.0000 85 44.5455 55.4545 
44.0000 56.0000 0.0000 10120242 10120242 
ATTACTGTGCATTTGTCTGCTCGCAGGCCGCAAACATCCGCACCGGAATATTCGC 
GCGAATATTCCGGTGCGGCTGTTTGCGGCTTGCGAGCGGACAAATGCACGGCAAT 
5071027 5071101 75 5071210 5071284 75 108 81.3333 0.0000 80 41.3333 58.6667 
39.3443 60.6557 0.0000 10142311 10142311 
CTTTGCGTGACTTTGCGGCTTTGCGAGAGAGTGTAAATTTCTCGCAGAGCCGCAGAGCCGCAGAGTCACGCAGAG 
CTCTGCGGTTCTCTGCGGCTCTGCGTCTCTGCGAGAAACGGAGAATTTCTCGCAGGGCCGCAGAGCCACGCAAAG 
5114532 5114584 53 5114611 5114666 56 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 10229195 10229195 
GGCCCCCTTTCCCTCGGGTACCAGATTCCAGAACGGAGGGAATCGGTCAAGGG 
CCCTTGACCGATCCCCACCGTTCTGAAGAAAGAGCTGAGATGAGGGAAAGGGGGCC 
5141542 5141567 26 5141593 5141618 26 25 92.3077 0.0000 42 46.1538 53.8462 
45.8333 54.1667 0.0000 10283160 10283160 TCTTGGCGTTACTTTGCGGCTTTGCG 
CGCAGAGACGCAAAGTAACGCCAAGA 
5151602 5151632 31 5151659 5151689 31 26 87.0968 0.0000 42 41.9355 58.0645 
40.7407 59.2593 0.0000 10303291 10303291 CGCAGAGCCGCAGAGTACCGCGAAGAAGAAA 
TTTCTTCTCTGCGTGACTCTGCGGCTCTGCG 
5162054 5162089 36 5162113 5162148 36 23 88.8889 0.0000 52 33.3333 66.6667 
31.2500 68.7500 0.0000 10324202 10324202 
CCTTCCGAGCCGCGACCGTTAGGGAGCGTCCGCTAA TTAGCGACCGCTCCCTAACGGTCACGGCTCGGAGGG 
5269634 5269674 41 5269703 5269744 42 28 85.7143 2.3810 52 49.3976 50.6024 
50.0000 50.0000 0.0000 10539377 10539378 
TTCTTGGCGTTACTTTGCGGCTTTGCAAGAAAAACGACCCT 
AGGGTGCATGTTTCTCGCAGAGCCGCAAAGTGACGCCAAGAA 
5281225 5281257 33 5281309 5281341 33 51 84.8485 0.0000 41 46.9697 53.0303 
46.4286 53.5714 0.0000 10562566 10562566 CTGAAAAACTCCTTTTCTCGCAGAGCCGCAGAG 
CTCTGCGGCTCTGCGAGAAACAGTCTCTTTCAG 
5355898 5355938 41 5355950 5355990 41 11 97.5610 0.0000 77 48.7805 51.2195 
50.0000 50.0000 0.0000 10711888 10711888 
TTGTTCTTGGCGTTGCTTTGCGGCTTTGCGTCTTTGCGAGA 



TCTCGCAAAGACGCAAAGCCGCAAAGCAACGCCAAGAAGAA 
5365745 5365771 27 5365789 5365815 27 17 92.5926 0.0000 44 44.4444 55.5556 
44.0000 56.0000 0.0000 10731560 10731560 CGCAGAGCCGCAGAGTAACGCAAAGAA 
TTCTTGGCGTTACTTTGCGGCTCTGCG 
5365745 5365815 71 5366911 5366981 71 1095 79.1667 2.7778 65 45.0704 
54.9296 45.6140 54.3860 0.0000 10732726 10732726 
CGCAGAGCCGCAGAGTAACGCAAAGAAGAAAGACCCGAGAGGTTTTCTTGGCGTTACTTTGCGGCTCTGCG 
CGCAGAGCCGCAGAGTAACGCAAAGAAGAAAGACCCGAGAGGTTTTCTTGGCGTTACTTTGCGGCTGTGCG 
5457443 5457480 38 5457515 5457552 38 34 89.4737 0.0000 56 42.1053 57.8947 
38.2353 61.7647 0.0000 10914995 10914995 
TTTCTCGCAAAGCCGCAGAGCCGCAGAGTCACGCAAAG 
CTTTGCGATTCTCTGCGGCTCTGCGGCTCTGCGAGAAA 
5467940 5468023 84 5468101 5468184 84 77 76.1905 0.0000 68 44.0476 55.9524 
42.1875 57.8125 0.0000 10936124 10936124 
TTCTTCTTGGCGCTACTTTGCGGCTTCGCGGCTTTGTGAGAAATTGACCTTCTCTCGCAGAGACGCAGAGCCGCA 
GAGTAACGC 
GCGCTACTTTGCGGCTTTGCGGCTTTGCGAGAAATTGCCCGTCTCTCGCACAGACGCAGAGCCGCAGAGTAACGC 
CAAGAACAA 
5468092 5468132 41 5468144 5468184 41 11 85.3659 0.0000 52 46.3415 53.6585 
45.7143 54.2857 0.0000 10936276 10936276 
TTTTTCTTGGCGCTACTTTGCGGCTTTGCGGCTTTGCGAGA 
TCTCGCACAGACGCAGAGCCGCAGAGTAACGCCAAGAACAA 
5467940 5468184 245 5468253 5468506 254 68 69.1406 5.0781 91 44.2886 
55.7114 42.9379 57.0621 0.0000 10936437 10936446 
TTCTTCTTGGCGCTACTTTGCGGCTTCGCGGCTTTGTGAGAAATTGACCTTCTCTCGCAGAGACGCAGAGCCGCA 
GAGTAACGCGGAGGACAACACCCAGGCCGCCCAATTCTCCGGCTTCGTCAACGCAAGGGTGGTGTTCTAGTGGCT 
CATTTTTCTTGGCGCTACTTTGCGGCTTTGCGGCTTTGCGAGAAATTGCCCGTCTCTCGCACAGACGCAGAGCCG 
CAGAGTAACGCCAAGAACAA 
TTCTTCTCTGCGTGACTCTGCGGCTTTGCGGCTGTGCGAGAAATTGACCTTCTCTCGCAGAGACGCAGAGCCGCA 
GAGTAACGCGGAGGACAACACCCAGGCCGCCCAGTTCTCAGCTTTCCTCAACGTAAGGATGGTCTCCTAGTGCAG 
ACCTTGTTCTATTCTTCTTTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAATTGCCCTTCTCTCGCACAGAC 
GCAGAGCCGCAGAGTAACGCGGAGAACAA 
5468258 5468293 36 5468305 5468340 36 11 86.1111 0.0000 47 36.1111 63.8889 
35.4839 64.5161 0.0000 10936598 10936598 
CTCTGCGTGACTCTGCGGCTTTGCGGCTGTGCGAGA TCTCGCAGAGACGCAGAGCCGCAGAGTAACGCGGAG 
5467940 5468184 245 5468414 5468667 254 229 73.4375 5.0781 146 45.0902 
54.9098 45.2128 54.7872 0.0000 10936598 10936607 
TTCTTCTTGGCGCTACTTTGCGGCTTCGCGGCTTTGTGAGAAATTGACCTTCTCTCGCAGAGACGCAGAGCCGCA 
GAGTAACGCGGAGGACAACACCCAGGCCGCCCAATTCTCCGGCTTCGTCAACGCAAGGGTGGTGTTCTAGTGGCT 
CATTTTTCTTGGCGCTACTTTGCGGCTTTGCGGCTTTGCGAGAAATTGCCCGTCTCTCGCACAGACGCAGAGCCG 
CAGAGTAACGCCAAGAACAA 
TTCTTCTTTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAATTGCCCTTCTCTCGCACAGACGCAGAGCCGCA 
GAGTAACGCGGAGAACAACACCCAGGCCGCCCAATTCTCAGCTTTCGTCAACCTAAGGACGATCTCCTAGTGCAG 
ACCTTGCTCTATTCTTCTCTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAATTGCCCTTCTCTCCCAAAGCC 
GCAAAGCCGCAAAGTAACGCCAAGAACAA 
5468092 5468336 245 5468423 5468667 245 86 73.7052 4.7809 148 45.1020 



54.8980 43.2432 56.7568 0.0000 10936759 10936759 
TTTTTCTTGGCGCTACTTTGCGGCTTTGCGGCTTTGCGAGAAATTGCCCGTCTCTCGCACAGACGCAGAGCCGCA 
GAGTAACGCCAAGAACAACACCCAGGCCGCCCAATTCTCAGCTTTCGTCATCCTAAGGATGGTCTCCTAGTGCAG 
ACCTTGTTCTATTCTTCTCTGCGTGACTCTGCGGCTTTGCGGCTGTGCGAGAAATTGACCTTCTCTCGCAGAGAC 
GCAGAGCCGCAGAGTAACGC 
GCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAATTGCCCTTCTCTCGCACAGACGCAGAGCCGCAGAGTAACGC 
GGAGAACAACACCCAGGCCGCCCAATTCTCAGCTTTCGTCAACCTAAGGACGATCTCCTAGTGCAGACCTTGCTC 
TATTCTTCTCTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAATTGCCCTTCTCTCCCAAAGCCGCAAAGCCG 
CAAAGTAACGCCAAGAACAA 
5468414 5468454 41 5468466 5468506 41 11 90.2439 0.0000 62 43.9024 56.0976 
45.9459 54.0541 0.0000 10936920 10936920 
TTCTTCTTTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGA 
TCTCGCACAGACGCAGAGCCGCAGAGTAACGCGGAGAACAA 
5468414 5468506 93 5468575 5468667 93 68 82.9787 2.1277 104 46.2366 53 .7634 
48.7179 51.2821 0.0000 10937081 10937081 
TTCTTCTTTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAATTGCCCTTCTCTCGCACAGACGCAGAGCCGCA 
GAGTAACGCGGAGAACAA 
TTCTTCTCTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGAAATTGCCCTTCTCTCCCAAAGCCGCAAAGCCGCA 
AAGTAACGCCAAGAACAA 
5468575 5468615 41 5468627 5468667 41 11 80.4878 0.0000 42 46.3415 53.6585 
48.4848 51.5152 0.0000 10937242 10937242 
TTCTTCTCTGCGTTACTCTGCGGCTCTGCGTCTCTGCGAGA 
TCTCCCAAAGCCGCAAAGCCGCAAAGTAACGCCAAGAACAA 
5554704 5554746 43 5554814 5554856 43 67 90.6977 0.0000 66 44.1860 55.8140 
43.5897 56.4103 0.0000 11109560 11109560 
ATTTCTCGCAGAGCCGCAGAGCCGCGGAGTCACGCAAAGAAGA 
TCTTCTTGGCGTGACTTTGCGGCTTTGCGGCTCTGCGAGAAAT 
5554699 5554746 48 5554948 5554994 47 201 91.6667 2.0833 74 44.2105 55.7895 
43.1818 56.8182 0.0000 11109694 11109694 
AAGACATTTCTCGCAGAGCCGCAGAGCCGCGGAGTCACGCAAAGAAGA 
TCTTCTTCGCGTTACTCTGCGGCTCTGCGGCTCTGCGAGAAATGCTT 
5655542 5655571 30 5655678 5655707 30 106 93.3333 0.0000 50 25.0000 75.0000 
25.0000 75.0000 0.0000 11311249 11311249 GGTGAGTTTCCCGCCGGAGCCGCCCGTCGC 
GCGATGGGCGGCTGCGGCGGGAAACTCACC 
5810658 5810685 28 5810690 5810717 28 4 89.2857 0 .0000 41 35.7143 64.2857 
36.0000 64.0000 0.0000 11621375 11621375 AACGAGCCGCGACCGTTGGGGAGCGCTA 
TAGCGCTGCCTAACGGTCGCGGTTCGTT 
5935216 5935245 30 5935359 5935388 30 113 86.6667 0.0000 40 55.0000 45.0000 
50.0000 50.0000 0.0000 11870604 11870604 GCGCAAGCTAAAGACGTTGCTGAAAAAGTC 
GATTTTTTCAGCAACGTCTAAAGCATGCGC 
5951193 5951319 127 5951876 5952002 127 556 68.7500 1.5625 52 33.8583 
66.1417 35.2273 64.7727 0.0000 11903195 11903195 
TGCTGCTGGCGGCCTTTGCCGCGATCGCCGTGTTTCTGGCCCTGGTAGGGTTGTACGGGCTACTCTCTTACGCGG 
TACGGCAGCGGACGGCGGAGATTGGTGTGCGGATGGCGTTGGGCGCGCAACG 
CGCTGCGCCCCCAACGCCGTGCGGATTCCGATCTCGTGGGTTCGCCGGCTGACGGAATACGAGAGAACCGCGTAA 
ATCCCTACCGCCGCCATCAACAGCGCCAGCGCGCTCAAAGCGCCCAGCAGCA 



5988033 5988055 23 5988099 5988121 23 43 100.0000 0.0000 46 39.1304 60.8696 
39.1304 60.8696 0.0000 11976154 11976154 TCCGTGACCAGACTCTGGTCACG 
CGTGACCAGAGTCTGGTCACGGA 
5988282 5988311 30 5988341 5988369 29 29 90.0000 3.3333 43 52.5424 47.4576 
51.8519 48.1481 0.0000 11976652 11976652 ATCTGCGTTTTATTTGTGTTCATCTGCGGC 
GCCGCAGATGAACACAGATGAACGCAGAT 
5997756 5997795 40 5997807 5997846 40 11 80.0000 0.0000 40 43.7500 56.2500 
40.6250 59.3750 0.0000 11995602 11995602 
TCTCGCAGAGACGCAGAGCCGCAGAGTAACGCAAAGAAGA 
TCTTCTTCGCGGTTCTTTGCGGCGTTGCGGCTTTGCGAGA 
5997756 5997846 91 5997882 5997972 91 35 83.5165 0.0000 107 45.6044 54.3956 
40.7895 59.2105 0.0000 11995728 11995728 
TCTCGCAGAGACGCAGAGCCGCAGAGTAACGCAAAGAAGACAAGGACAAATTCTTCTTCGCGGTTCTTTGCGGCG 
TTGCGGCTTTGCGAGA 
TCTCGCAAAGCCGCAAAGCCGCAAAGTAACGCAAAGAAGACAAGGGCCAATTCTTCTCTGCGGTTCTCTGCGGCT 
CTGCGTCTCTGCGAGA 
5997882 5997921 40 5997933 5997972 40 11 82.5000 0.0000 45 45.0000 55.0000 
42.4242 57.5758 0.0000 11995854 11995854 
TCTCGCAAAGCCGCAAAGCCGCAAAGTAACGCAAAGAAGA 
TCTTCTCTGCGGTTCTCTGCGGCTCTGCGTCTCTGCGAGA 
6474723 6474771 49 6474805 6474853 49 33 90.0000 4.0000 71 58.1633 41.8367 
60.0000 40.0000 0.0000 12949576 12949576 
GTTTTCTTTGCGTCCTTTGCGCCTTTGCGAGAAATATGCTTTTGATTTT 
AAAGTCAGAAAGGCATTTCTCGCAAAGGCGCAAAGGACGCAAAGAAAAC 
6486003 6486036 34 6486059 6486092 34 22 94.1176 0.0000 58 44.1176 55.8824 
43.7500 56.2500 0.0000 12972095 12972095 TCTCGCAGAGGACGCAGAGATCGCAAAGAAAACC 
GGTTTTCTCTGCGATCTCCGCGTCCTCTGCGAGA 
6484129 6485450 1322 6487355 6488692 1338 1904 69.8893 3.6900 570 42.5564 
57.4436 42 .2386 57.7614 0.0000 12972805 12972821 
GGAGGAGACCCGTGTTGCCCAACTGGAACGCAAGGTCGGCCAGCAGACCGTGGAGATCGATTTTTTGAAGGGGTG 
CTTGCAGCGCATCGAGGAACAGCGGATGCTGCAGGCACTGACTGGAAAGCCGCGACCTGCCAGTACATCGAAGAC 
CAAATCCAGAAAGGCGTCCAGATGACGATTCTGCGCATGTGTGAACTGGGCGACATCAGCCGGGCTGGCTTCTAC 
CGGTTCGATCCGGAGGCGGAGCAGCGCGAGGAAGAGTTGGACCTGCGCGACGCGATCCAGAGGATCGCTCTGGAA 
TTCCCATGCTACGGTAGGCCCAGAATCACCGCCGAGCTTCGGCGTCAGGGCTGGGCAGTGAATCATAAGAGGGTT 
GGACGCATCATGCGGGAAGACAACCTCCTTTGCATTCGCCGGAGGAAGTTTGTTTGCTGCACCACCGATTCCAAT 
CACGGCCTTCGCGTCTATCCCAACTTGGCCAAGAAGATGGAGTTGACCGGGTTGGACCAGTTGTGGGTGGCCGAC 
ATCACCTACATTCGGCTGGAGACGGAGTTCATCTATCTGGCGGTGGTGCTGGATGCATTCTCAAGACGGGTAATT 
GGCTGGGCTCTGGGCCGGACTCTGGAAGCTAGCCTGGCGGTGCAGGCGTTGAAGATGGCTTTCCGGCGGCGGGGC 
TCCGTCAAAGGATTGACCCATCATTCCGACCGCGGCGTGCAATACGCTTCCAAGGAATACACGGATTTGCTGAAG 
GAACACGGCGTTCAGATCAGCATGAGCCGGAAGGGCAATCCCTACGACAATGCCAAATGCGAATCCTTCATGAAG 
ACCTTGAAATACGAGGAGGTCTATAGACAAGAATATCGCGACCTCGCCGAGGCGCAAGCGTCGGTGGAAAAGTTC 
ATTGAGAAAATCTACAACGGCAAGCGTCTGCACTCGGCGCTGGGCTACTGCTCGCCGGTCGAGTTTGAACGTTCG 
CTGGTGCCGCTGGAGCAAACCGCATGAAAAGTGAGGGCGCCCTCAGAATGCGTTTTGGGAGGCATGACGGAATCT 
ATCGGTCCGATGTGTCGTTCCTGCTTTTTACCCCTGGGGCGTGTCCCGCTTTCCGGTCGGGCCGCTGCCAGGGTA 
TAGGGCATGCCGGAAAGAACATGCTCTGTCCATCGTCCGCGATGAGTTCCGGCCGGCTATTCCTTGACGGGTTGC 
TCGCCAGCATTGCCCGCCTCCGCTTCACCGACACGATCAGAATAAAACTATTGCCGCATCGAATGGAATGATTTA 



CCATCGAACGGCGAACTGTCTCTTAACTGTTTGTCTCACCCAAGGGG 
CCCCAAGGCTGAGACAACCAGAGAACCAATGATTCGCAGTTCGATGATATTTCGTTTTTTTCTGTTGGTCTAGAG 
GTTTATGATGCGTGTGTCGGTGAAGCGGCGACGGGCACTGCTGGCGAGCAACCCGTTCAAGGAATAACCGATCGG 
AACTCATCGCGGACGATGGGCAGGGCGTGCTCCTCCCGACGCGTCCTATAGCCCGGTAACGGCGCCGACCAACGG 
GAGGCGGCAGCTGGACCGGGTTTATCAGATGGAATGACATATCGGACCGATAGATTCCGTCATGCCTGAGAAAAC 
GCTTCCTGAGGGCGCCCTCACTTTTCATACCGCCACCTGCTGCTGAGAAGCGGTGGCCGCTAGAGAGTGTTCGAA 
CTCGACCGGCGAGCGATAGCTCAAGGACGAGTGCAATCGCTTTTGGTTATAGATCTTCTCCAGGAAGGTCTTTAT 
CGACGCACGGGCGTGTGCCAGATTCCGATATTCGGTGCGGTGTACCTCCTCGTATTTCAGCGTTTTCATGAAGGA 
CTCGCAGGCCGCATTGTCCCAGGGGTTGGCCTTGCGACTCATGCTGATTTCGATCCCGTTGTCCTGGAGCAGTTG 
CGTGTAATCGTGACTGGCATACTGGACTCCGCGGTCGGAGTGGTGAACCAGGCCCGGACTTACCGATCGTTGCCC 
AAGCGCCATGCGCAAGGCATTCAGCGTGAGGGAAACTTCTAAGGTTTCCCCCAAATGCCAGCCAATGACCCGGCG 
TGAGAAGGCATCCAGAATGACCGCCAGGTAGACAAACTCCTCTTCCAGTCGGATGTAGGTGATATCGGCCACCCA 
GAGCTGATCGACTCCGGTTAGCGTCATCTCCGCGGCCCGATTCGGATATACCTTCAGACCGTGACGGGAATCGGT 
GGTGGCTACGACGAACTTGCGTTTGATCACACACAGCAGGTTGTCTTCCCGCATCAGCCGCTGAATCCGCTTGCG 
GTTGACCTCCCATCCACGAGCCTTGAGTTCCTCGACGATACGCCGGCTCCCATAGCAGGGCCAATCGAGGGCTAC 
CCGGTGCATCTCGTCGCGAAGATCCATATCGGCGGGTGCCGGCTTTTCCGGATCCAAAAAGCGGTAGTATCCTGC 
CCGGCTGATGCCCAGCGACTCGCACATCTGCACGACACTCATGCGGGTTTCCGCCTGGACTTCTTTGTCGATCTG 
CTCGTAGAGGGCGCGCCGTTGTTCAGTGCCCGCAGCAGGCGCTGTTCCTCGACATGCTGCAAGGCCCCCTTTAAA 
AAATCGATCTCCAGGGCTTGGCGGCCAACCTTACGCTCCAGTTCGGCGACCCGCGTTTCCTCC 
6503431 6503459 29 6503550 6503578 29 90 89.6552 0.0000 43 46.5517 53.4483 
46.1538 53.8462 0.0000 13007009 13007009 CGCAGAGACGCAGAGTAACGCAAAGAAAA 
TTTTCTCTGCGTGACTCTGCGGCTCTGCG 
6541232 6541280 49 6541957 6542004 48 676 84 .0000 6.0000 54 59.7938 40.2062 
59.5238 40.4762 0.0000 13083237 13083236 
TGTCAACGCAAAGTAGAAATGTCCTATTCTCTGCAAAGTAGAAATGTCC 
GGACATTTCTACTTTGCGCAAATAGGACATTATCATTTTGCGGCGACA 
6615802 6615853 52 6615881 6615935 55 27 80.0000 5.4545 49 42.0561 57.9439 
40.9091 59.0909 0.0000 13231734 13231734 
GCCCCCTTTCCCTCGGGTACCAGATTCCAGAACGGTGGGAATCCGTCAAGGG 
CCCTTGACAGATTCCCACCGTTCTGAAGAAAGAGCTGAGATGAGGGAAAGGGGGC 
6639906 6639940 35 6639969 6640003 35 28 82.8571 0.0000 40 45.7143 54.2857 
44.8276 55.1724 0.0000 13279909 13279909 
TTTTCATCCGCATTGATCCGTGTTCATCCGTGGCC GGCCGCGGGTAAACACGGATCAACGCGGACAAAAA 
6651158 6651270 113 6651991 6652103 113 720 98.2301 0.0000 216 38.4956 
61.5044 37.8378 62.1622 0.0000 13303261 13303261 
TTGTGGGGCAGCCATTCCTGGCTGTCGCGATGGCGCTGCGCGCCATTTAAGGGGATGAAAACCCCTTTGTGGGGC 
AGCCAATCGTGGCTGCAGCCGCCTTTCAGTCGGCTTCT 
AGAAGCCGCCTGAAAGGCGGCTGCAGCCACGATTGGCTGCCCCACAAAGGGGTTTTCATCCCCTTAAATGGCGCG 
CAGCGCCATCGCGACAGCCAGGATTGGCTGCCCCACAA 
6667337 6667392 56 6667419 6667471 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 13334811 13334811 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
6763688 6763743 56 6763770 6763822 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 13527513 13527513 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 



CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
6777401 6777434 34 6777457 6777490 34 22 88.2353 0.0000 48 41.1765 58.8235 
40.0000 60.0000 0.0000 13554891 13554891 TCTCGCAGAGGACGCGGAGATCGCAGAGAAAACC 
GGTCTTCTTTGCGATCTCTGCGTCCTCCGCGAGA 
6802339 6802383 45 6802410 6802455 46 26 82.9787 6.3830 48 39.5604 60.4396 
41.0256 58.9744 0.0000 13604793 13604793 
GATGATGCCTATACGAGCCGGGACGGTCAGGGAGCGGTCGGTAAT 
ATTACCGAACGCTCCCTCACGGTCGCGGCTCGGATGAAGGCACATC 
6837456 6837493 38 6837498 6837534 37 4 89.4737 2.6316 54 57.3333 42.6667 
58.8235 41.1765 0.0000 13674991 13674991 
GCCGGCAGATGAACACAGATAAACACAGACAAGAAAAA 
TTTGTTTTGTCTGCGTTTATCTGTGTTCATCTGCGGC 
7046316 7046353 38 7046372 7046409 38 18 86 . 8421 0.0000 51 42.1053 57.8947 
39.3939 60.6061 0.0000 14092725 14092725 
TCTCGCAGAGCCGCAGAGCCGCAAAGTAACGCAAAGAA 
TTCTTCGCGGTTCTCTGCGGCTCTGCGTCTCTGCGAGA 
7070773 7070792 20 7070834 7070853 20 41 100.0000 0.0000 40 30.0000 70.0000 
30.0000 70.0000 0.0000 14141626 14141626 CAACGAGCCGCGACCGTGAG 
CTCACGGTCGCGGCTCGTTG 
7103392 7103428 37 7103451 7103487 37 22 89.1892 0.0000 54 41.8919 58.1081 
42.4242 57.5758 0.0000 14206879 14206879 
GTATCTCGCAGAGGACGCAGAGATCGCAAACAAGACC GGTCTTCTCTGCGATCTCCGCGTCCTCTGCGAGACAC 
7159292 7159325 34 7159348 7159381 34 22 91.1765 0.0000 53 42.6471 57 . 3529 
41.9355 58.0645 0.0000 14318673 14318673 TCTCGCAGAGGGCGCAGAGATCGCAAAGAAAACC 
GGTTTTCTCTGCGATCTCCGCGTCCTCTGCGAGA 
7159292 7159381 90 7159604 7159693 90 222 78.4946 6.4516 74 42.7778 57.2222 
41.0959 58.9041 0.0000 14318985 14318985 
TCTCGCAGAGGGCGCAGAGATCGCAAAGAAAACCGAGGAGGCCCAACCTTCTTGCTGGTTTTCTCTGCGATCTCC 
GCGTCCTCTGCGAGA 
TCTCGCAGAGGACGCAGAGATCGCAAAGAAAGCCGAGGAGACCCAACCTTCTTGCTGGTTTTCTCTGCGATCTCC 
GCGTCCTCTGCGAGA 
7159604 7159637 34 7159660 7159693 34 22 91.1765 0.0000 53 42.6471 57.3529 
41.9355 58.0645 0.0000 14319297 14319297 TCTCGCAGAGGACGCAGAGATCGCAAAGAAAGCC 
GGTTTTCTCTGCGATCTCCGCGTCCTCTGCGAGA 
7206128 7206170 43 7206175 7206218 44 4 84.0909 2.2727 51 48.2759 51.7241 
48.6486 51.3514 0.0000 14412345 14412346 
TTTCTCGCAGAGGCCGCAGAGATCGCAGAGAAACCAAGGAGAC 
GTCTTGTTTGTCTTCTCTGCGTTCTTTGCGGTCTCTGCGAGAAA 
7224115 7224153 39 7224175 7224213 39 21 94.8718 0.0000 68 46.1538 53.8462 
45.9459 54.0541 0.0000 14448328 14448328 
TTCTCGCAGAGACGCAGAGCCGCAGAGTAACGCAAAGAA 
TTCTTTGCGTTACTTTGCGGCTCTGCGGCTCTGCGAGAA 
7248896 7248948 53 7248975 7249030 56 26 78.5714 5. 3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 14497923 14497923 
GGCCCCCTTTCCCTCGGGTACCAGATTCCAGAACGGAGGGAATCGGTCAAGGG 
CCCTTGACCGATCCCCACCGTTCTGAAGAAAGAGCTGAGATGAGGGAAAGGGGGCC 



7302259 7302314 56 7302341 7302393 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 14604655 14604655 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
7421737 7421770 34 7421793 7421826 34 22 88.2353 0.0000 48 44.1176 55.8824 
43.3333 56.6667 0.0000 14843563 14843563 TCTCGCAGGGGACGCGGAGATCGCAGAGAAAACC 
GGTTTTCTTTGCGATCTCTGCGTCCTTTGCGAGA 
7433082 7433127 46 7433154 7433199 46 26 80.4348 0.0000 47 39.1304 60.8696 
37.8378 62.1622 0.0000 14866281 14866281 
GATACGCTTCGATCCGAGCCGTGACCGTTAGGGAGCGGGGGGTAAT 
ATTAGCGACCGCTCCCTGACGGTCACGGCTCGGTTGGCTGCTTATC 
7458179 7458211 33 7458241 7458273 33 29 90.9091 0.0000 51 51.5152 48.4848 
53.3333 46.6667 0.0000 14916452 14916452 ATTTCTCGCAAAGGCGCAAAGGCCGCAAAGAAA 
TTTCTTTGCGCTCTTTGCGCCTTTGCGAGACAT 
7464679 7464738 60 7464747 7464805 59 8 78.3333 1.6667 53 50.4202 49.5798 
51.0638 48.9362 0.0000 14929485 14929485 
GATTCTGGAAAAGGCAGTTTCTCGCAGAGGACGCAGAGATCGCGAAGAAAAACGACAAGA 
TCTTGCTGGTTTTCTCTGCGATCTCCGCGTCCTCTGCGAGACATAATTCTTCCAGACTC 
7493978 7494020 43 7494037 7494080 44 16 84.0909 2.2727 51 45.9770 54.0230 
45.9459 54.0541 0.0000 14988057 14988058 
AAAAGCATTTCTCGCACAGACGCAGAGCCGCAGAGTAACGCCA 
TGGAGTCTACTTTGCGGCTTTGCGTCTGTGCGAGAACCGCGTTT 
7572904 7572984 81 7573111 7573191 81 126 71.9512 2.4390 45 39.5062 60.4938 
38.9831 61.0169 0.0000 15146095 15146095 
TCCACGTACTGCGCCACCTCCTTTGCCCGATTCACGCAACGCTGACACCAAACCAGGCGCTCTTCTAGTGTCGCG 
AGTTCG 
CGAACTCGCCATGATCGAGGAGCACCTGCTGTGGTGTCCACGGTGCATCGACGCAGCCGAAGAAGCGGCTCAGTA 
CGTGGA 
7782444 7782478 35 7782518 7782552 35 39 88.5714 0.0000 50 30.0000 70.0000 
29.0323 70.9677 0.0000 15564996 15564996 
CAGCCAATCCTGGCTGCCGCCGGCTTTCAGCCGGC GCCGGCTGAAAGCCGGCTGTGGGCAGGATTGGCTG 
7782380 7782478 99 7782609 7782707 99 130 88.1188 3.9604 134 28.7879 
71.2121 26.9663 73.0337 0.0000 15565087 15565087 
CGCCCCATCAGAGCCGCGACCGCAAGGGAGCGATCCCGGTTTGCGGCTCGCCCGCACTGTGGGGCAGCCAATCCT 
GGCTGCCGCCGGCTTTCAGCCGGC 
GCCGGCTGAAAGCCGGCTGCAGGCAGGATTGCCTGCCCCACAGAGTGGCAGGCCGCAAACTGCGGGACGCTCCCT 
TACGGTCGCGGCTCTGATGGGGCG 
7814231 7814266 36 7814277 7814312 36 10 97.2222 0.0000 67 51.3889 48.6111 
51.4286 48.5714 0.0000 15628543 15628543 
TTCTCGCAAAGGCGCAAAGGCCGCAAAGAAACCAAA TTTGTTTTCTTTGCGGCCTTTGCGCCTTTGCGAGAA 
7850718 7850750 33 7850773 7850805 33 22 87.8788 0.0000 46 42.4242 57.5758 
41.3793 58.6207 0.0000 15701523 15701523 CTCGCAGAGAACGCAGAGCTCGCAAAGAAAACC 
GGTTTTCTCTGCGATCTCCGCGTCCTCTGCGAG 
7926155 7926194 40 7926212 7926253 42 17 90.4762 4.7619 60 43.9024 56.0976 
42.1053 57.8947 0.0000 15852406 15852408 
TTTCTCGCAGAGCCGCAGAGCCGCAGAGTAACGCCAAGAA 



TTCTTGCCTTGTTTCTCTGCGGCTCTGCGGCTCTGCGAGAAA 
7934575 7934616 42 7934629 7934669 41 12 83.3333 2.3810 47 43.3735 56.6265 
42.8571 57.1429 0.0000 15869245 15869244 
GGTTTTCTTCGCGTGACTCTGCGTCTCTGCGTCTCTGCGAGA 
TCTCCCAGAGACGCGATCTGCAGAGTCACGCAAAGAAGACC 
7974180 7974235 56 7974262 7974314 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 15948497 15948497 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
7979772 7979815 44 7979857 7979899 43 41 86.3636 2.2727 56 43.6782 56.3218 
42.1053 57.8947 0.0000 15959672 15959672 
TCAGTCTCTCGCAGAGACGCAGAGCCGCAAAGTAACGCAGAGAA 
TTCTTTGCGGTTCTCTGCGGCTCTGCGGCTCTGCGAGAGATGA 
7979857 7979897 41 7979903 7979943 41 5 80.4878 0.0000 42 43.9024 56.0976 
42.4242 57.5758 0.0000 15959800 15959800 
TTCTTTGCGGTTCTCTGCGGCTCTGCGGCTCTGCGAGAGAT 
ATTTCTCGCGAAGCCGCAAAGCCGCAAAGTAGCGCCAAGAA 
8116519 8116574 56 8116601 8116653 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 16233175 16233175 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
8159670 8159703 34 8159726 8159759 34 22 97.0588 0.0000 63 42.6471 57.3529 
42.4242 57.5758 0.0000 16319429 16319429 TCTCGCAGAGGACGCGGAGATCGCAAAGAAAACC 
GGTTTTCTCTGCGATCTCCGCGTCCTCTGCGAGA 
8320614 8320647 34 8320670 8320703 34 22 94.1176 0.0000 58 44.1176 55.8824 
43.7500 56.2500 0.0000 16641317 16641317 TCTCGCAGAGGACGCGGAGATCGCAGAGAAAACC 
GGTTTTCTTTGCGATCTCTGCGTCCTCTGCGAGA 
8333953 8333977 25 8333995 8334019 25 17 92.0000 0.0000 40 52.0000 48.0000 
52.1739 47.8261 0.0000 16667972 16667972 TTATCTGCGTTTATCTGCGGCCCAT 
ATGGGCCACAGATGAACGCAGATAA 
8390533 8390588 56 8390615 8390667 53 26 78.5714 5.3571 46 39.4495 60.5505 
36.3636 63.6364 0.0000 16781203 16781203 
GGCCCCCTTTCCCTCATCTCAGCTCTTTCTTCAGAACGGTGGGGATCGGTCAAGGG 
CCCTTGACCGATTCCCTCCGTTCTGGAATCTGGTACCCGAGGGAAAGGGGGCC 
8395365 8395398 34 8395402 8395435 34 3 91.1765 0.0000 53 36.7647 63.2353 
35.4839 64.5161 0.0000 16790800 16790800 TCCGAGCCGTGACCGTCAGGGAGCGGTTGGTAAT 
ATTACCGACCGCTCCCTGACGGTCGCGGCTCTGA 
8521119 8521147 29 8521184 8521212 29 36 93.1034 0.0000 48 50.0000 50.0000 
51.8519 48.1481 0.0000 17042331 17042331 ACGTTAGATCTCTATCGGAAGTGACGCGG 
CCGCGTCAGTTTCGATAGAGATCTAACGT 
8743822 8743859 38 8743861 8743898 38 1 86.8421 0.0000 51 31.5789 68 .4211 
30.3030 69.6970 0.0000 17487720 17487720 
CTCCATCCGAGCCGCGGCCGTAAGGGAGCGGTCGCTAA 
TTACCGGACGCTCCCTGACGGTCGCGGCTCGGATGGAG 
8743748 8743778 31 8743869 8743900 32 90 90.6250 3.1250 47 28.5714 71.4286 
27.5862 72.4138 0.0000 17487647 17487647 GTCCCATCCGAGCCGCGACGGTTAGGGAGCG 



CGCTCCCTGACGGTCGCGGCTCGGATGGAGAC 
8766583 8766617 35 8766678 8766712 35 60 91.4286 0.0000 55 55.7143 44.2857 
56.2500 43.7500 0.0000 17533295 17533295 
GTTTTCTTTGCGTTCTTTGCGCCTTTGCGAGACAT ATATCTAGCAAAGGCGCAAAGGACGCAAAGAAAAC 
8779504 8779547 44 8779584 8779627 44 36 93.1818 0.0000 73 56.8182 43.1818 
56.0976 43.9024 0.0000 17559131 17559131 
AAGATTTTCTTGGCGATCTTGGCGTCTTGGCGAGAAAAGCTTTT 
AAAAACATTTCTCGCCAAGACGCCAAGACCGCCAAGAAAATCTT 
8791320 8791355 36 8791407 8791442 36 51 88.8889 0.0000 52 48.6111 51.3889 
50.0000 50.0000 0.0000 17582762 17582762 
TTAGCTTTTCTTTGCGGTCTTGGCGTCTTGGCGAGA TCTCGCCAAGCCGCAAAGACCGCCAAGAAAACCTAA 
8818171 8818210 40 8818230 8818268 39 19 90.0000 2.5000 58 54.4304 45.5696 
55.5556 44.4444 0.0000 17636440 17636440 
GTTCTTTATCTGCGTTCATCTGCGTTCATCTGTGGCCCAT 
ATGGGCCGCAGATAAACGCAGATGAACACAGATAAAAAC 
8856602 8856653 52 8856681 8856735 55 27 80.0000 5.4545 49 42.0561 57.9439 
40.9091 59.0909 0.0000 17713334 17713334 
GCCCCCTTTCCCTCGGGTACCAGATTCCAGAACGGTGGGAATCCGTCAAGGG 
CCCTTGACAGATTCCCACCGTTCTGAAGAAAGAGCTGAGATGAGGGAAAGGGGGC 
8943875 8943910 36 8943922 8943957 36 11 83.3333 0.0000 42 38.8889 61.1111 
36.6667 63.3333 0.0000 17887832 17887832 
CTTGGCGTTACTCTGCGGCTCTGCGTCTTTGCGCGA TCTCGCAACGCCGCAAAGCCGCAAAGCAACGCCAAG 
8989981 8990037 57 8990047 8990100 54 9 78.9474 5.2632 48 54.0541 45.9459 
57.7778 42.2222 0.0000 17980084 17980084 
TATTCGTTCTGGCTTTTCTTGTTGGCCTTACTTTGCGGCTTTGCGGCTTTGCGATAA 
TTCTCGCAGAGTCGCAAAGCCGCAAAGTAACGATAAGAGAACCTAGGACGAATA 
9009795 9009867 73 9009868 9009942 75 0 74.0260 7.7922 42 41.8919 58.1081 
38.5965 61.4035 0.0000 18019735 18019738 
GCTAAGCTAAGTACACCGTTTCAGAAGTTCGATCGCGTATCGCGCGATCGCTTGCTGACGCGCGCGGCTCCGA 
TCAGAGCCGCGACCATTAGAGAGCGATCGCCAGCAAGTGCGACGCTGTACTTCTGAAACGGCGTACCAAGCTAGC 
9040603 9040664 62 9040780 9040841 62 115 76.1905 3.1746 47 41.1290 58.8710 
37.5000 62.5000 0.0000 18081444 18081444 
CTTTGCGTGACTCTGCGGCTCTGCGGCTTTGCGAGAAATCTGCCATCTCTCGCAACGCCGCA 
TGCGGCTCTGCGAGAAAAGCACTGTCTCTCGCAACGCCGCAAAGCCGCAAAGTATCGCCAAG 
9040759 9040794 36 9040806 9040841 36 11 86.1111 0.0000 47 40.2778 59.7222 
38.7097 61.2903 0.0000 18081600 18081600 
CTTTGCGATACTCTGCGGCTCTGCGGCTCTGCGAGA TCTCGCAACGCCGCAAAGCCGCAAAGTATCGCCAAG 
9088174 9088219 46 9088222 9088268 47 2 80.8511 2.1277 47 58.0645 41.9355 
57.8947 42.1053 0.0000 18176441 18176442 
TGGCCGCAGATGAACGCAGATAAACACAGATAAGACAAGAACAAGA 
TCTTGTTTTATGTGTTCTCAGCGTTTATCAGTGTTTATCTGCGGCCA 
9101605 9101647 43 9101652 9101694 43 4 86.0465 0.0000 56 53.4884 46.5116 
54.0541 45.9459 0 .0000 18203299 18203299 
TGGGCCGCAGATGAACACAGATAAACGCAGATAAAACAAAAGC 
GCCTTTGTCTTATCTGTGTTCATCTGCGTTTATCTGCGGCCCA 
9109130 9109176 47 9109178 9109223 46 1 87.2340 2.1277 62 54 . 8387 45.1613 



53.6585 46.3415 0.0000 18218354 18218353 
CTTATCCGCGTTTATCCGTGTTTATCCGCGGCCAAATTTTGCTTTTC 
GAAAATCAATATGGGCCACGGATGAACACGGATAAACGCGGATAAG 
9175236 9175271 36 9175284 9175320 37 12 86.4865 2.7027 47 32.8767 67.1233 
31.2500 68.7500 0.0000 18350555 18350555 
GCCCCCATCCGAGCCGCGACCGTTAGGGAGCGATCT AGATCGCTCCCTGAGGGTCGCGGCTCTGATAGAGGGC 
9212119 9212144 26 9212238 9212263 26 93 92.3077 0.0000 42 26.9231 73.0769 
25.0000 75.0000 0.0000 18424382 18424382 GAGCCGCGACCGCAAGGGAGCGATCG 
CGATCGCTCCCTCACGGTCGCGGCTC 
9244800 9244849 50 9244940 9244989 50 90 94.0000 0.0000 85 51.0000 49.0000 
51.0638 48.9362 0.0000 18489789 18489789 
GAAGGGCTCATTTCTCGCAAAGACGCAAAGCCGCAAAGTAACGCCAAGAA 
TTCTTTGCGTTCCTTTGCGGCTTTGCGTCTTTGCGAGAAATGAGCCTTTC 
9264052 9264078 27 9264112 9264138 27 33 92.5926 0.0000 44 46.2963 53.7037 
48.0000 52.0000 0.0000 18528190 18528190 TTCTTCGCGTTGCTTTGCGGCTTTGCG 
CGCAAAGCCGCAAAGTAACGCCAAGAA 
9284181 9284210 30 9284234 9284263 30 23 86.6667 0.0000 40 48.3333 51.6667 
46.1538 53.8462 0.0000 18568444 18568444 TTCTTCTTAGCGATGCTGTGCGGCTTTGCG 
CGCAAAGCCGCAAAGTAACGCCAAGAAGAA 
9284203 9284271 69 9284350 9284416 67 78 86.9565 2.8986 89 44.1176 55.8824 
43.3333 56.6667 0.0000 18568621 18568620 
GCTTTGCGAGGGCGGCTGATTCTCGCAAAGCCGCAAAGCCGCAAAGTAACGCCAAGAAGAAAGGACAAG 
CTTGTTCGTCTTCTTGGCGTTACTTTGCGGCTTTGCGGCTTTGCGAGAACCCGTAGCCTCGCAAGGC 
9336725 9336755 31 9336825 9336855 31 69 96.7742 0.0000 57 54.8387 45.1613 
53.3333 46.6667 0.0000 18673580 18673580 TTTCTTCATTGCGTTACTTTGCGGCTTTGCG 
CGCAAAGCCGCAAAGTAACGCAAAGAAGAAA 
9554413 9554443 31 9554472 9554502 31 28 93.5484 0.0000 52 33.8710 66.1290 
34.4828 65.5172 0.0000 19108915 19108915 CATTCCGGGGCGAAGCCGAACACCATTCCGG 
CCGGAACGCTGTTCGGCTTCGCCCCGGAATG 
9554338 9554394 57 9554453 9554507 55 58 77.1930 3.5088 45 41.9643 58.0357 
43.1818 56.8182 0.0000 19108847 19108846 
GAACACGATTCCGGGCTGAAGGCGAACACCATTCCGGGATGAAGCCGAACAGGGTTC 
GAACACTTTTCGGCGAACCCCGGAACGCTGTTCGGCTTCGCCCCGGAATGTTTTC 
9554368 9554465 98 9557062 9557157 96 2596 77.5510 2.0408 82 42.2680 
57.7320 40.7895 59.2105 0.0000 19111527 19111527 
ATTCCGGGATGAAGCCGAACAGGGTTCCGGGATGATTCCGAACGGCATTCCGGGGCGAAGCCGAACACCATTCCG 
GCCTGAAGCCGAACACTTTTCGG 
CCGAATGGTGTTCGGCATCATCCCGGAATGCTGTTCGGCTTCATCCCGGAATGGTGTTCGACTTCCCTCCGGAAT 
GCTGTTCGACTTCGCCGGAAT 
9554317 9554428 112 9557054 9557163 110 2625 83.0357 1.7857 125 40.5405 
59.4595 41.9355 58.0645 0.0000 19111482 19111481 
GTGCGTATTCCGGGGCAAACCGAACACGATTCCGGGCTGAAGGCGAACACCATTCCGGGATGAAGCCGAACAGGG 
TTCCGGGATGATTCCGAACGGCATTCCGGGGCGAAGC 
GCTACGCTCCGAATGGTGTTCGGCATCATCCCGGAATGCTGTTCGGCTTCATCCCGGAATGGTGTTCGACTTCCC 
TCCGGAATGCTGTTCGACTTCGCCGGAATCCGCAC 
9612981 9613009 29 9613148 9613178 31 138 90.3226 6.4516 43 36.6667 63.3333 



35.7143 64.2857 0.0000 19226157 19226158 TTCCCTGTCCTGCCCGTTGGTCTCGGCAC 
GTGCCCGAGACCAACGGGCAGAACAGGAGAA 
9630087 9630123 37 9630135 9630172 38 11 86.8421 2.6316 49 46.6667 53.3333 
45.4545 54.5455 0.0000 19260258 19260258 
TTCTTGGCGTTACTTGCGGCTTTGCGTCGTTGCGAGA 
TCTCGCAGAGACGCAAAGCCGCAGAGTTACGCTAAGAA 
9630059 9630174 116 9630302 9630419 118 127 79.8319 3.3613 110 50.0000 
50.0000 50.5263 49.4737 0.0000 19260476 19260476 
GTAAGAACGCTAATTCGTTCTTGTTGTGTTCTTGGCGTTACTTGCGGCTTTGCGTCGTTGCGAGAAAGCTGCAGT 
CTCTCGCAGAGACGCAAAGCCGCAGAGTTACGCTAAGAAGA 
TCTTCTTGGCGTTACTTTGCGGCTTTGCGTCTTTGCGAGAAAGCTGCAGTCTCTCGCAAAGACGCAGAGCCGCGG 
AGTTACGCCGAGAAGAAAAGCATAACGAAGAAACTTTGCTTAC 
9630290 9630341 52 9630353 9630404 52 11 83.0189 3.7736 57 48.0769 51.9231 
45.4545 54.5455 0.0000 19260694 19260694 
TCGTTCTTGCTCTCTTCTTGGCGTTACTTTGCGGCTTTGCGTCTTTGCGAGA 
TCTCGCAAAGACGCAGAGCCGCGGAGTTACGCCGAGAAGAAAAGCATAACGA 
9742675 9742713 39 9742730 9742768 39 16 87.1795 0.0000 53 50.0000 50.0000 
50 .0000 50.0000 0.0000 19485443 19485443 
TTCTCGCAGAGCCGCAAAGCCGCAAAGTAGCACAAAGAA 
TTCTTTGTAGTTCTTTGCGGCTCTGCGGCTTTGCGAGAA 
9752253 9752287 35 9752308 9752342 35 20 94.2857 0.0000 60 45.7143 54.2857 
45.4545 54.5455 0.0000 19504595 19504595 
TCTCGCAGAGGACGCAGAGATCGCAAAGAAAACCA TGGTTTTCTCTGCGATCTCCGCGTCCTCTGCGAGA 
9765730 9765766 37 9765807 9765843 37 40 91.8919 0.0000 59 25.6757 74.3243 
26.4706 73.5294 0.0000 19531573 19531573 
CCAACGAGCCGCGACCGTCAGGGAGCGCCGAGCCCTC GACGGCTCGACGCTCCCTCACGGTCGCGGCTCGTTGG 
9921348 9921374 27 9921395 9921421 27 20 100 .0000 0.0000 54 44.4444 55.5556 
44.4444 55.5556 0.0000 19842769 19842769 CGCAGAGCCGCAGAGTAACGCAAAGAA 
TTCTTTGCGTTACTCTGCGGCTCTGCG 
9921343 9921362 20 9921415 9921434 20 52 100.0000 0.0000 40 40.0000 60.0000 
40.0000 60.0000 0.0000 19842777 19842777 TTTCTCGCAGAGCCGCAGAG 
CTCTGCGGCTCTGCGAGAAA 
9955126 9955161 36 9955184 9955219 36 22 91.6667 0.0000 57 54 . 1667 45.8333 
54.5455 45.4545 0.0000 19910345 19910345 
CTTATCTGCGTTTATCTGCGTTTATCTGCGGCCAAT ATTGGCCGCAGATGAACACAGATGAACGCAGATAAG 

Sequence: giI94967031IrefINC_008009.11 Acidobacteria bacterium Ellin345, 
complete genome 

Parameters: 2 3 5 80 10 40 500000 10000 -d -h -t4 74 -t5 493 -t7 10000 

68737 68790 54 68894 68949 56 103 80.3571 3.5714 53 32.7273 67.2727 31.1111 
68.8889 0.0000 137684 137686 



TGGGTGCCCCGGGTCTCGCGATTTTCGAGACTTGGGAGAGAGGATGTCTGCACC 
GGTGCCGGGATTCTCGTCCGCCCAGGTCTCGAACCCCGCGAGACCCGGGGCACCCA 
143424 143470 47 143488 143534 47 17 80.8511 0.0000 49 58.5106 41.4894 
60.5263 39.4737 0.0000 286958 286958 
AAAGCCAAAATCTTTGAGCACGAAGGACACGAAGGTTTCACGAAGGA 
TCCTTTGTGGGAACTTCGTGTCCTTCGTGTTTAGAGATTTTTTCTTT 
499604 500967 1364 506610 507989 1380 5642 67.2792 6.0777 343 43.3673 
56.6327 43.1723 56.8277 0.0000 1007577 1007598 
TTGCCGCCTGCGGTGAAAAACGAGCCAACATAATCCGCGAGCCAGAGCGCTCCGAAGATGTCTACCGACGACTCG 
CCACTGTTCCACGTGATGTTCGATTCGGTAACGAACATTGGCACATCGGCAGGCAGACCGTCGTCACGCCAAACC 
TGCATGATGTGAGTCATGAGCTGCGGCTCGTCGTAAAGGCTGCTCCAATTCACCTTGCACGGTTCGAATGGATAG 
TGTTCGAACGAGAAGAAGGCGAGCTCTCGCAGACCGCCGCGGGCCCTCAAATAGTTCAGGAACCGGCGCGTCCAC 
GATGTCTGACCTTGCGCATCGGGCCACGACAAAATGTCTTCGTTCTGGCCCGTAAATACCGGCCCGCCAAGTTTC 
AGCTTCGGATCCACCTTGTGGATTGCCCTCGCCCATTGCAGGTAGAGTTCAGCGTCGTCTTCCGGAAGCGTGTAC 
TGGCCATCCGGCTCTTCGCCGAGTTCCACATAGGAGATCGGGTAGCCGCGCTTCTCGACGTACGCGATTTCAGCA 
GCGGAATCTTCGGGCGTGCCATAGAGCAACGCGGTTGGAATCATTGCCGGCAAGCCGCGTGTGTATCCGCTGCGA 
TAAAACAGATCCATGCCAACGTGTTCGTGTTGCGTCGATCCCAAGTCCGAAGGCTCGTGCCAAGGGTCAATCGAA 
GAGCAGTAAGTCGTGGTCTGATCCTGGTCGGGGGTGTGCCGCGCCACATCATGGAAGCCATTCCTGTCGGTCGTC 
CCGATGAACACCTCGCGGATTGCATAACCAACGCAATTGCGAATATCGGCCGAGCCATGTGTGTCGCAGGTATTC 
GATGGCTCCGTCATCCAGACGCGCAAGAAACGCACCGGCATCGGCGAATTCGAGAGTTGGTGGGTGACCGTCCCA 
CCCTTGCCGGCGCTTACCACGCCCGCGGGGAACGCGACCCACGATCCTTTGCTCGGTAATTTGATCGCGTCGTCG 
CCGGTCCAATACTGAATTAGGTATTGCTTGGCGTAAGGCTCTGCCCAGGCGATCCGCAAAGCGTTTATGGATTGT 
GTCGTTGCAAGATCAATCACGATCCACTGCGGATGTTCGGAATCTTCCTGGCCAGTGAAATGTTTCGTGAGATAC 
GGATTGCTCTTCCAATAGGTGTTGAGATCGCCGTCGGTCATTCTACCGAAGCCGCTCGTGTCGGTTCCATCGTTA 
CGCGTAAAGCCACGATGGGGCAAAACATATCCGTACGAATGCTTAATGATCTCCGGTCCCGGTTCGGCGCTACCG 
GTGAAGTATCCTTTGCCGCTCGGATCGCTCCACGTGCCCTGCGGATTCCAGTGCCAGGCCTCAACTGCCAACTCG 
GTGTTCTGCCGATA 
TATCGCCAGAACACTGAGCTCTTCATTCAAGCGTGGCATTGGAACCCTAAGGGCAAGTGGAGCGATCCGAGCGGC 
AAGGGCTATTTCGTCGGCGACGCCACGCCTACGAGTGAGCCGATTCGCCACTCGTTCGGATACTCGCTCCAGCAT 
CGTGGCTTTACCCGCAACGGGGGCTCCGAGTTCGACGGCTTCTCTCGTCTTGATGATGGCGACATCAAAACTTAT 
TGGAAGAGCAATCCCTACCTTACACAGACGTTCACTGGCGAACCGGATTCCGCGCATGCGCAATGGATCGTGATT 
GATTTGGAAAAGCCGCAGGACATCAACGCGATCCGCATCGCATGGGCCGAACCGTATGCGCGCGAATACAACGTG 
CAGTACTGGGAAGGTTCGGGCGACGCGATGGATGAACAGGATAAAGGCACGTGGAAGAACTTTTCATCTGGGGCT 
GTCGCGAACGGTGAGGGTGGCACTCCGACGATCAAGCTCAGCACCTCAACGGTCCAAGCGCGATACGTGCGTGTG 
CTGATGACCGGTTCCTCCAATACCTGCGACACCCACGGATCCAGTGACAAGAGAAATTGTGTTGGTTACGCCATT 
CGCGAGGTCTATCTGGGTACAGTCGATCAGAGCGGCGATTTCCACGACCTGCTCAAACACACTCCGGGACAGCAG 
CAAACATTGACGTATTGCTCCTCCGTTGATCCCTGGCATGAACCGTCCGACCTGTACGTCGCACCAGACCGGATG 
GAATCGGGAGATCAGCCCGGCTTCGACTTGTTCTTCACCAGCGGCATCACCCGCGGACTTCCTGCAATCGTACCG 
ATTGCGTTGATCTATGGAACGCCAGAAGATTCCGCGGCCCAAATGGCTTACCTCAAAGCTCGCAAATATCCGATC 
TCATACATCGAGATGGGTGAAGAGGCCGATGGTCAGTACATGCAGCCCGAGGACAACGCGGCTCTGTACATTCAG 
TGGGCGACAGCCATTCACAAGGTCGACCCCACATTCAAGCTGGGCGGCCCGTCGTTCCAGGGCGTGACTGAAGAC 
ATCAAGGCGTGGGCTGACCCGAAGGGCAGAACCTCGTGGTTCGCGCGTTTCCTTGACTACTTAAAAACCCACGGC 
CATCTCGACGATTTCGCATTCATGTCGTTCGAACACTATCCCTATGACGGATGCGAAACGCCGTGGGAGAACCTT 
TATCAGGAACCTGAGCTAATCATGCACGTTATGGATGTCTGGCGAGCGGATGGATTGCCGCCAAATATTCCGCTG 
CTCGACACCGAAACCAACGATCACGGTGGGGAAGCGGCGGTGGACATCTTCGGCGCGCTTTGGCTCGGCGATTCT 
TTCGCCGGTTTCCTTACCGCCGGCGGACAA 



865042 865073 32 865085 865117 33 11 90.9091 3.0303 49 50.7692 49.2308 
50.0000 50.0000 0.0000 1730158 1730159 AACACGAAGGGCACGAAGGAAACGAAGGTTTC 
GAAATCCTTCGTGTACTTCGTGCCCTTCGTGTT 
910438 910538 101 910931 911031 101 392 72.2772 0.0000 62 41.0891 58.9109 
39.7260 60.2740 0.0000 1821469 1821469 
GGGCCTCTCTACAACAGTTTCGATTGGGGCGGATTCTTGATCTGGTACCTGCCGCAGTATCCGGTTTCGGTCGAT 
GGCCGAAACGATCTTTACGGAGACGA 
TCATCGCCGTAGAGATTGGCTCGGCCGTCGATCGACACGGGCTGCTCCGGCAAGTACCACCGGATGAACCCTCCC 
CACTCCAGGCTGTTGAACAGTGGCCC 
1131165 1131185 21 1131186 1131206 21 0 100.0000 0.0000 42 33.3333 66.6667 
33.3333 66.6667 0.0000 2262371 2262371 GACGAGTACAAGGGGCTGCCG 
CGGCAGCCCCTTGTACTCGTC 
1162731 1162797 67 1163282 1163348 67 484 74.6269 0.0000 49 50.7463 49.2537 
52.0000 48.0000 0.0000 2326079 2326079 
AATCACTGGATCGCCTTTAAGGCAATCGGCACGAAATCAAACCGCAGCGGCATCGGAGCGAAGATTC 
GAATCCTTGTCCCAATTCCGCTGCGGTTCGATTTCGTACCCACAGTCTTGAACTTGATCCAGTTATT 
1161606 1162322 717 1163757 1164470 714 1434 67.9063 2.8926 245 40.8106 
59.1894 42.3935 57.6065 0.0000 2326079 2326076 
CTCTACCACAACAACCACGACGGCACCTTCACGGATGTCACCAAGAAGGCGAACCTCTGGCATGCAGGATGGGGC 
CAAGGCGCCTGCGTCGGCGACTACGACAACGACGGCAACGACGACCTCTTCGTCACCTACTACGGCAAGAACATC 
CTCTACCACAACAACGGAAACGGAACATTCACCGACGTTAGCGAGAAAGCTGGCGTCGCCGGCAGCGGCAAAATG 
TGGGGAACGGGCTGCGCCTTCGTCGATTACGATCGCGACGGCAAACTCGACCTCTTCGTCGCCAATTACGTGGAC 
TTCGATCTCTCTACCGCGCCAGCTCCCGGCGAGCGTCCCACGTGCATCTGGAAGGGTGCACCGGTGATGTGCGGA 
CCGCGCGGCCTGCCCTGGACTAAGAACCTGCTGTACCACAACAAGGGCGACGGCACCTTCGAAGACGTGACCGAC 
AAGGCCCGCATCGATAAGACCAATGGCCATTACTCGTTCAGCGTCTCAGTCGTTGATTACGACGACGACGGCTGG 
CCCGACATCTTCGTCGCCTGCGACAGCACCCCCGCCATCCTGTACCACAACAACCACGACGGCACGTTTACCGAC 
GTTGCTGTCACCCTCGGCGCAGCCTTCAACGAAGACGGCCGCGAGCAGGCCGGCATGGGTTCCACCGTCGCCGAT 
TATGACGGCGATGGCCGTCTCGACATCTTCAAAACCAACTTC 
GAAGTTTGTCTTCACGATGTCGAGATTGCCATCCAGATCGTAATCCGCCGTGGAAACGCCCATGCCCGCCTGCGG 
TTTGCCGTCCGGGCTGAACGCGCACCCCGCATCCACCGCAACATCCTCGAATTTCCCGTTGTGCTTGTTCTGATA 
GAGCGCACTCGGCATCGAGTCATTCGCCACGTAGATATCGGGCCAGCCATCGTTGTCAAAATCCGCCACGCACAC 
TCCGAGTCCGTAAGTCCCGACACCCTTCGTGATCCCGGCCGCCTCACTCACATCGGTAAACGTCCCGTCGCCGTT 
GTTGTGGTACAGGATGTCCGTATCGCCCTGCATCCCCGGGGGGCCGCATGCGACCATAATGCCCTTGTACAAGCA 
CGGACCCGATTCCGGCACCGGCGCGGTTTTCAAATCCAAATCAAGATAGTTCGCGACGAAGATATCCAGATGTCC 
ATCACGGTCGTAATCCACAAACGCGCATCCGGTTCCCCAGCGCGTGCGCTTACCCGCGATCCCCGCCTTCTCGCT 
GACATCGGCGAAGGTTCCATTGCCGTTGTTGTGATAGAGAACGTTCTTCCCGTAATACGTGACGAAAAGGTCGTC 
GTTGCCGTCGTTGTCGTAGTCGCCCACGCAGCAACCCTGCCCCCAGCCCGATCGTCGTAGGCCTGCCTTGTCGGT 
CACGTCTGTAAACGTACCGTCTCTATTGTTCTTGAAGAG 
1475126 1475154 29 1475176 1475204 29 21 89.6552 0.0000 43 43.1034 56.8966 
42.3077 57.6923 0.0000 2950330 2950330 ACCACGAAGGACACAAAGGACCACGAAGG 
CCTTCGTGATCCTTCGTGCCCTTCGTGGT 
1572718 1573822 1105 1582591 1583684 1094 8768 67.4956 4.7069 316 40.7003 
59.2997 41.9737 58.0263 0.0000 3156413 3156414 
CTACCAGCTTGGCATTGATGGCATCTCGTTTCTGCTGATCATCCTGACGACGTTGCTGGGTTCGATTTCGATCCT 
GTCGTCCTGGACGGCGATTGAGAACCGCGTGAAGGAATACTACGCATGGTTCCTCCTGTTGCAGACCGGCATGCT 
CGGCGTCTTCATGGCCAACGATTTCTTCCTATTCTTCGTGTTCTGGGAAGCGATGCTCGTGCCCATGTACCTGCT 



GATCGGCATTTGGGGCGGGCCGCGCAAGCTGTACGCCGCGATCAAGTTCTTCCTCTACACGCTGGCCGGCTCGGT 
GCTGATGCTGCTGGGCATCCTGTTCCTGTACTTCCACCACCACACAGTGACGGGCGTGTACACGTTCTCGCTGGA 
AGCGCTCTATGCGACGGCACCGCTGATTACGGGCAAGGCCGCGATCTTCCTGTTCTTCGCATTCTTCGTCGGCTT 
CGCGATCAAAGTGCCGATGTTCCCGTTCCACACCTGGCTGCCGGATGCGCACGTAGAAGCGCCAACGGCCGGCTC 
GGTGATCCTGGCGGGCGTTCTGTTGAAGATGGGAACGTACGGCTTGATCCGCTTCTCGCTGCCGTTTTTCCCGGC 
GGTGGCGACGATCAAATGGGTTCAGGCGTTGTTGATTACGCTGTCGCTGATCGGCATCCTCTACGGCGCGCTGGT 
TTCGCTGGTGCAGAAAGACATGAAGAAGCTGGTGGCGTATTCGTCGGTCAGCCACTTGGGCTTCTGCACCCTGGG 
CATCTTCGTGTTCACGCAGATGGGTATTGCCGGGTCGGTGATCCAACAGATTAACCACGGTATCTCGACTGGTGC 
ACTGTTCTTGATTGTCGGCATTTTGTACGAGCGGCGGCATACGCGTGAGATCTCGGAATACGGTGGGATCAGTAC 
GGTGATGCCGGTTTACGCGACGATCGCGCTGATCATGTTCATGTCGTCGATGGGCCTGCCACTGCTGAATGGGTT 
CGTCGGCGAAATGCCGATCATGATGGCGACGTTCATGGTCAACAAGACCTGGGCGATCTGGGCGATTCCGGGCGT 
AGTACTTGCCGCGGCTTATCTGCTGTGGCTCTACCAGCGGGTGTTCTTCGGGACG 
CGTCGCCGTAGAACGTCTTCTGGTAGAGCCAGAGCAGGTACCACGCGCCCCAGATTACGCCCGAGGCTGCGAGGA 
TGCCGTAGATCATCTTCGCCTGGAAGGCGCCGCTCAGGACGAGGAACTCGCCCACGAAGCCGTTGAGCAGCGGCA 
GTCCGGCGGAGGCCAGCGTGATCACCAGGAAGAAGGTGGCGAACACCGGCATCGGCGTGGCGAGGCCGCCGTACT 
GCTTGATCTCGTAAGTGTGGCGGCGTTCGTAAATCATGCCCAGCAGCATGAACAGGCCGCCGGTCGAGACGCCGT 
GGTTCAGCATCTGGTACACCGAACCGCTCACGCCCATGGCGGTGAAGCTGAAGATGCCCAACACGCAGAAGCCAA 
GGTGGCTCACCGACGAGTAGGCGACCAGCTTCTTCATGTTTGGCTGGACGAGGGCGACAAGCGCGCCGTAGATGA 
TCCCAATGATTGCCAGCGCGATGATCCAGGGTGCGTTGCGCCGCGCTGCTTCCGGGAACAGCCCGAGGTTAAAGC 
GCAGCAGGCCGTAGGTGCCCATCTTGAGGAGCACGCCGGCGAGCAGCACGGAACCCGCGGTCGGTGCTTCTACGT 
GCGCGTCGGGCAGCCATGTATGGAACGGAAAGAGTGGGACTTTCACCGCGAAGGCGATGAAGAAGCCGAGGAAGA 
GCCACTGCTGCGCGTGCGAGAAGCCAGAGACGTTTCCGAGTTGGATCGCCTGCTGGATTTCAACGAAGTCGAATG 
AGCCAGTCTTCGAATACAGCCAGAGCATCGCGGCCAGCATGAACACCGACGCGACCATGGTGTACATGAAGAACT 
TCACCGCGGCGTAGATGCGGCGCTCATGGCCGTAAATGCCGATGAGCAGCGCCATCGGGATCAGCGTGGCTTCCC 
AGAAGAAGTAGAACTGGAAGAGATCGAGCGAGACGAAGACGCCGAGCATCGCCGTCTCAAGGATGAGCATGAGGA 
TGAAGAATTCCTTCACGCGTTCCTTGATCGAAGTCCAGGAGATGAGCACGCTCAGCGGAACGAGGAACGTGGTCA 
GCACTACCAGCCAGATCGAAATGCCGTCGGCGCCGAGGTGATAG 
1600170 1600199 30 1600214 1600243 30 14 93.3333 0.0000 50 46.6667 53.3333 
46.4286 53.5714 0.0000 3200413 3200413 TTCACCACAGAGACGCAGAGGTCACAGAGA 
TCTCTGTGACCTCTGTGCCTCTGTGGTGAA 
1849826 1849868 43 1849939 1849980 42 70 81.3953 2.3256 44 54.1176 45.8824 
57.1429 42.8571 0.0000 3699807 3699806 
GAAAACCTTTCACCACGAAAGGCACAAAGGGGCACGAAGGATT 
AACCCTTTGTGTACTTTGTGTCCTTCGTGGTGAAAGCTTTTC 
1849787 1849819 33 1849947 1849979 33 127 84.8485 0.0000 41 57.5758 42.4242 
57.1429 42.8571 0.0000 3699766 3699766 AAAAGAATTAACCACGAAGGACACCAAGTGCAC 
GTGTACTTTGTGTCCTTCGTGGTGAAAGCTTTT 
1900181 1900253 73 1900721 1900793 73 467 80.0000 5.3333 67 38.3562 61.6438 
38.3333 61.6667 0 .0000 3800974 3800974 
CGCTTTGTATCAGGGCAGCGCTTCAGCGCTGCCGAACTGCCGCCCCAATATTTTCGGGGGCTTTAGCCCCTGC 
GCAGGGGCTGAAGCCCCAAACCTTTCGAGTAGCTCTCTCCGGCAGCGCTGAAGCGCTGCCCTGATACAAACCG 
1900146 1900174 29 1900760 1900788 29 585 96.5517 0.0000 53 34.4828 65.5172 
35.7143 64.2857 0.0000 3800934 3800934 TGTATCAGGCCAGCGCTTCAGCGCTGCCG 
CGGCAGCGCTGAAGCGCTGCCCTGATACA 
1900033 1900061 29 1900760 1900788 29 698 96.5517 0.0000 53 34.4828 65.5172 
35.7143 64.2857 0.0000 3800821 3800821 TGTATCAGGCCAGCGCTTCAGCGCTGCCG 



CGGCAGCGCTGAAGCGCTGCCCTGATACA 
1899993 1900021 29 1900760 1900788 29 738 93.1034 0.0000 48 32.7586 67.2414 
33.3333 66.6667 0.0000 3800781 3800781 TGTATCAGGCCAGCGCTTCAGCGCCGCCG 
CGGCAGCGCTGAAGCGCTGCCCTGATACA 
1900721 1900788 68 1900991 1901058 68 202 82.6087 2.8986 74 37.5000 62.5000 
35.087764.9123 0.0000 3801779 3801779 
GCAGGGGCTGAAGCCCCAAACCTTTCGAGTAGCTCTCTCCGGCAGCGCTGAAGCGCTGCCCTGATACA 
TGTATCAGGGCAGCGCTTCAGCGCTGCCGAACTGCCGCCCCTGATATTTTCGGGGCTTCAGCCCCTGC 
1900721 1900796 76 1901140 1901215 76 343 80.5195 2.5974 75 37.5000 62.5000 
35.4839 64.5161 0.0000 3801936 3801936 
GCAGGGGCTGAAGCCCCAAACCTTTCGAGTAGCTCTCTCCGGCAGCGCTGAAGCGCTGCCCTGATACAAACCGTC 
T 
AGCCGCTCTGTATCAGGGCAGCGCTTCAGCGCTGCCGAACTGCCGCCCCTGATATTTTCGGGGCTTCAGCCCCTG 
C 
1900721 1900796 76 1901277 1901353 77 480 78.4810 6.3291 63 36.6013 63.3987 
35.4839 64.5161 0.0000 3802073 3802073 
GCAGGGGCTGAAGCCCCAAACCTTTCGAGTAGCTCTCTCCGGCAGCGCTGAAGCGCTGCCCTGATACAAACCGTC 
T 
AGCCGCTCTGTATCAGGCCAGCGCTTCAGCGCTGCCGAGCTGCCGCCCCTGATATTTTCGGGGCTTCAGCCCCCT 
GC 
1900721 1900788 68 1901421 1901487 67 632 80.0000 7.1429 60 39.2593 60.7407 
37.5000 62.5000 0.0000 3802209 3802209 
GCAGGGGCTGAAGCCCCAAACCTTTCGAGTAGCTCTCTCCGGCAGCGCTGAAGCGCTGCCCTGATACA 
TGTATCAGGGCAGCGCTTCAGCGCTGCCGAACTGCCACCCCTGATATTTTCGGGGCTTCAACCCTGC 
1900721 1900788 68 1901555 1901622 68 766 81.1594 2.8986 69 38.2353 61.7647 
35.7143 64.2857 0.0000 3802343 3802343 
GCAGGGGCTGAAGCCCCAAACCTTTCGAGTAGCTCTCTCCGGCAGCGCTGAAGCGCTGCCCTGATACA 
TGTATCAGGGCAGCGCTTCAGCGCTGCCGAACTGCCGCCCCTGATATTTTCGGGGCTTTAGCCCCTGC 
2559712 2559752 41 2559844 2559884 41 91 85.3659 0.0000 52 51.2195 48.7805 
51.4286 48.5714 0.0000 5119596 5119596 
CAAAATCTTTAAACACGAAGGACACGAAGGGCGCCCGAAGG 
CCTTCGTGAGACCTTCGTTTCCTTCGTGTTGAAAGCTTTTG 
2698180 2698205 26 2698262 2698287 26 56 92.3077 0.0000 42 57.6923 42.3077 
58.3333 41.6667 0.0000 5396467 5396467 GGAGTTAGGTTGTTAGGAGTTAGGTT 
AACCTAATTCCTAACAACCTAACGCC 
2922271 2922312 42 2922329 2922370 42 16 83.3333 0.0000 49 60.7143 39.2857 
60.0000 40.0000 0.0000 5844641 5844641 
AAAATCTTTAAACACGAAGGGCACGAAGTACACGAAGGTTTT 
AAGACCTTCGTTTCCTTCGTGACCTTCGTGTTAAACGAATTT 
3085849 3085896 48 3086408 3086455 48 511 77.0833 0.0000 41 43.7500 56.2500 
45.9459 54.0541 0.0000 6172304 6172304 
GGTCGTTGCAATCACCTTAGTCAGCGACGCCATGTCGAAGATCGTGTC 
GAGACGATCTTCGATCTGGCATCGGTAACCAAGGCCGTTGCGACGACC 
3103548 3103625 78 3103628 3103704 77 2 77.5000 6.2500 60 52.9032 47 .0968 
53.2258 46.7742 0.0000 6207253 6207251 
CTAACTTCAAAACCTTTCACCACGAAGGACACGAAGTAAACGAAGGTGGCTTTGTGTTGCAAGATCGACGGCTTC 



GGT 
ACCGAAATCGTCAACCTAACCAACACAAACCCTTCGTGAACTTCGTGTCCTTCGTGGTTAAGGCCTTTAGCAGTT 
AG 
3661358 3661397 40 3662002 3662042 41 604 82.9268 2.4390 45 54.3210 45.6790 
52.9412 47.0588 0.0000 7323399 7323399 
GCCCGATTACTTGTGGTAAGGGGATTTACCAGCAGTAAAT 
ATTTGCTGCTGGTAACAGCCCTTACCACTAGTAAATCGTGC 
3949705 3949751 47 3949833 3949878 46 81 87.2340 2.1277 62 55.9140 44.0860 
56.0976 43.9024 0.0000 7899584 7899583 
AAAGCAAAATCTTTAACCACGAAGGGCACGAAGGGAACACGAAGGAT 
ATCCTTCGTGGTACTTCGTGTCCTTCGTGGTGAAAGTTTTTGCTTT 
4176289 4176320 32 4176339 4176370 32 18 87.5000 0.0000 44 46.8750 53.1250 
46.4286 53.5714 0.0000 8352659 8352659 TTAACCACGAAGGACACAAAGGGCCACGAAGG 
CCTTCGTGAACCCTTGTGGCCTTCGTGGTTAA 
4965518 4965555 38 4965573 4965611 39 17 84.6154 2.5641 46 55.8442 44.1558 
57.5758 42.4242 0.0000 9931128 9931129 
AAATCTTTAGACACGAAGGACACTAAGTTCACGAAGGA 
TCCTTCGTGAGACTTCGTGTCCTTCGTGGTTAAGGACTT 
5050687 5053704 3018 5062886 5065828 2943 9181 94.8133 3.0723 5083 41.0502 
58.9498 41.0105 58.9895 0.0000 10116590 10116590 
TCGACCGTGATGGATAAGAGCGCCATAGCACATACTCCTCTTTTGCCAAAGGCCTTTACTGATGAGTAACGATTT 
GGGTAGGAGCGGTGGGCGCGGGGCGAGTGGCTGGGAGGGGTAAAAGATCCGCTTAACCGATGCGGACCTATACTA 
TTGGATCATCCCCACCCCGGCGGGGGCGGAGTTGTCGCCCAAGTTGCCATTCCCTCGTGGAAGGAGCTCAAAAAA 
GGCCTGCTACCCCCCTTTTTCGTCGACCCCACTTTTGGGGCCCGTGCGATGTCTTTGGAAGCAACATTTATCTCT 
TATTTTTTAGCCTACTCGGGCTGCCAAGCCCGAGCCAGGTTCGAGGGCACCCAGCCCCGCGGCGGGCGAGAAGAG 
GGTTGATCTGCGATATCGAAATGCTTGGCCGCATGCCGCCGAACTGGAAAGAGCTGCTGCTGCAAGGCTTCTCGA 
CGCGTAAAGTCGTCGCCGCGTGGCGGGCGCGAAACCGCCCAAGAACTGCCTGACGAGATCGGTTTCGAGAAGCTC 
TCCGCAGTCGGCGGGGAGCTTTCTTTTGCTGGGAAGAACACGGCGTTCAGGAGAGGCCGGGGGCAGCGAAGACGG 
GAGCAGGCATACCCGCCTTACAAATATTTACAGGGCAAAACGTCTTCTTAACCGAGGAATTGCTATGTACCCAAA 
ATCTCCGGATAGTTGTCGCCCAAGTTGCCATTCCCCCGTGGCGAAGGGTCGAAAAAGCCTCGCTACCCCCCTTTT 
TCCTCGACCCCAATTTCGAGGCCGGCTCAGGCAGTTTTTTCCTGAGGTTCAAACGGATTTGCACACCAGTATCTG 
TAAAACGGTCACTCTGACGCCTAATGGGAGCCCAGGTTGAGGGGCGTCCAGCCCCGGCGGCGGGCGAGAGAAAGA 
GATACTGATCCCACCTACCTGCTTCAACCTAAATAAAGCCGACTCACCACCGAGGTGAGGGAGCTTTATTACTCA 
CAGCACAACCCCCGGCTCCCAACACCCCACACTCTCCGTGGAACGCCGACGACCAACCAGGAGACGCTCGGCTCG 
ATACCGAACCCTGGGCACGAAGCCCACGCTGTTGGTAACCGTGGACGACCAACCCAGAAGACTCCGGCTCCGAGC 
CTCGCCCCGAACAACAACTCTTCCGAGCCCACGCTCCTGGTCAAACCTCGACGACAACCCGGAGGCGTTCGGCTC 
GAGCTTCGGCCCCGCACGAGGATTTTTACTCGCAGCGAACTACGAACGCTGCTCCCGAGGTCCCACGGTCTTGGT 
TAACTGCGGACGACAACTCGGAGACGTTCGGCTTCGATCCTCGCCCCCGCGCGAGGATTTTTACTTTCCGCAGCG 
AACTACTAGGTCGGAAGCGAAAAAAGGGTCTCTTGCATGGAAGTTGGGCGACAGCGAGCGACGAAGGTGGCCTGC 
ATTTCCTGGACGGCATCGTCGATCGACACACCGGATCCTTCGTTGAGGATCTCGACGCCGAAGATCTTCATCGTG 
GTGGCGGAACCCTGTTCGTTCGTACCGCAGAGGGTGATGTCGAAGGGCAGGATCTGGTCGGAGTACCAGGGCTTG 
GCCTGCTCCTTGAAGCCGGAGACGAGGGTGTTCTGGATACCGGAGTGGGAAGCCTTTGGTAGATATCGCTCCTGG 
TTCTAATCTCATTCTTGACATACCGCCGACATATCGGCATATACTTACGGCCCGGCGATTATCCCGGCCGAACCA 
GGAGAGCTCTATGAAACAGAATAGATGTCGCCGCCATCTCCGTCCTCGCCCGTCCCGTTCACAGATCAACCAGCA 
GGTGGGGCGTGTATGCTCTGCCATCCAGGCCCTGCAGCTTGAGGCCTTGATCGAACTCCAGAAGCCGGCGCCGAG 
CCTGCCACGCCTCCAGTTCCTGAACCGCATGATCGACCTGGCCAAGGACGAGGTTGTCAGCCTGGAGAAGTTCTA 



ATGAAACGCGCCGCGATTTACTTGCGGGTGTCCACGCTCGACCAACACCCCGAAACCCAACTCTACGACCTTGAA 
GAACTGGCGCGACAGCGCCAGTTCGAGATCGTCGCAACCTATGAAGACCGGATCAGCGGCGCGAAGGCGCGCCGC 
CCGGGGCTCGATCAGATGATGAAGGACGCCCGTCGCCACCACTTCGATGTGGTGGTCGTGTGGGCATGTGACCGC 
CTGGCGCGATCGGTGAAGCACTTCTTAGAAACGTTAGATGAGTTGACTCATCTCAACATCGAGTTCGTAAGCTTC 
CGCGAACAGCTCGACACCGCCGGCGCGTTGGGCCGCGCCGTCGTGACCATCATCAGTGTTGTCG(CGAACTGGAA 
CGCTCTCTCATCATCGAGCGGGTGCGTGCCGGCATGCGCCGCGCAAAGTTAGAGGGCACCCACATCGGCCGCAAA 
CCGCTCGATATCGATCGCCAAGCGGTGCTGCGGCACCGTGCTCACGGTCAGTCGCTGACCCAGATCGCCAAGACC 
TTCAGCATCGGAAGAGCGACTGTCTCCCGCATCATTAAAGAAGAACGCCAGGCCCTTCCTCTGGCTGTTGGCGAA 
GCGTAATGGTGAACGTCTCCGATACGCTGCGCGACTATCGTCGCTGCCTGCGGAAACGCCGCTATCAGACGCGGG 
AAGCGGCCGAGCAGAAGGCACGCAAAGCGAGCACACGAACCGGTGAGGTGATCCACTCCTACCACTGCGGTCTAT 
GCGGACTGTGGCATATCGGAAAGCAACGTCCCCCGAAGGGGCAAACGATCGAAGTTCCGGGTGGCCGGTTGTGCT 
GGTTGTGCGGCGATCCGATCCCCCGTGAGCGTCTGGAGAAATCGTCTCATGCACATCCGACGTTTACCTGCTCGC 
CTCGCTGCAGCAAGCTCAGAAAAAGGTTCCTCGCCAAGCAGCGTCGCATGAAGAAGGCACGGGAAGACCTTGGCC 
CAAAAGGGTCTTCCGGAACCTCGTCCTAACTTAAACAAAACAGGGCGCCGGAAACGGCGCCCTTCACTAGCCCAC 
AAGGAGTGGGTTTCGGGC 
GCCCGAAACCCACTCCTTGTGGGCTAGTGAAGGGCGCCGTTTCCGGCGCCCTGTTTTGTTTAAGTTAGGACGAGG 
TTCCGGAAGACCCTTTTGGGCCAAGGTCTTCCCGTGCCTTCTTCATGCGACGCTGCTTGGCGAGGAACCTTTTTC 
TGAGCTTGCTGCAGCGAGGCGAGCAGGTAAACGTCGGATGTGCATGAGACGATTTCTCCAGACGCTCACGGGGGA 
TCGGATCGCCGCACAACCAGCACAACCGGCCACCCGGAACTTCGATCGTTTGCCCCTTCGGGGGACGTTGCTTTC 
CGATATGCCACAGTCCGCATAGACCGCAGTGGTAGGAGTGGATCACCTCACCGGTTCGTGTGCTCGCTTTGCGTG 
CCTTCTGCTCGGCCGCTTCCCGCGTCTGATAGCGGCGTTTCCGCAGGCAGCGACGATAGTCGCGCAGCGTATCGG 
AGACGTTCACCATTACGCTTCGCCAACAGCCAGAGGAAGGGCCTGGCGTTCTTCTTTAATGATGCGGGAGACAGT 
CGCTCTTCCGATGCTGAAGGTCTTGGCGATCTGGGTCAGCGACTGACCGTGAGCACGGTGCCGCAGCACCGCTTG 
GCGATCGATATCGAGCGGTTTGCGGCCGATGTGGGTGCCCTCTAACTTTGCGCGGCGCATGCCGGCACGCACCCG 
CTCGATGATGAGAGAGCGTTCCAGTTCGGCGACAACACTGATGATGGTCACGACGGCGCGGCCCAACGCGCCGGC 
GGTGTCGAGCTGTTCGCGGAAGCTTACGAACTCGATGTTGAGATGAGTCAACTCATCTAACGTTTCTAAGAAGTG 
CTTCACCGATCGCGCCAGGCGGTCACATGCCCACACGACCACCACATCGAAGTGGTGGCGACGGGCGTCCTTCAT 
CATCTGATCGAGCCCCGGGCGGCGCGCCTTCGCGCCGCTGATCCGGTCTTCATAGGTTGCGACGATCTCGAACTG 
GCGCTGTCGCGCCAGTTCTTCAAGGTCGTAGAGTTGGGTTTCGGGGTGTTGGTCGAGCGTGGACACCCGCAAGTA 
AATCGCGGCGCGTTTCATTAGAACTTCTCCAGGCTGACAACCTCGTCCTTGGCCAGGTCGATCATGCGGTTCAGG 
AACTGGAGGCGTGGCAGGCTCGGCGCCGGCTTCTGGAGTTCGATCAAGGCCTCAAGCTGCAGGGCCTGGATGGCA 
GAGCATACACGCCCCACCTGCTGGTTGATCTGTGAACGGGACGGGCGAGGACGGAGATGGCGGCGACATCTATTC 
TGTTTCATAGAGCTCTCCTGGTTCGGCCGGGATAATCGCCGGGCCGTAAGTATATGCCGATATGTCGGCGGTATG 
TCAAGAATGAGATTAGAACCAGGAGCGATATCTACCAAAGGCTTCCCACTCCGGTATCCAGAACACCCTCGTCTC 
CGGCTTCAAGGAGCAGGCCAAGCCCTGGTACTCCGACCAGATCCTGCCCTTCGACATCACCCTCTGCGGTACGAA 
CGAACAGGGTTCCGCCACCACGATGAAGATCTTCGGCGTCGAGATCCTCAACGAAGGATCCGGTGTGTCGATCGA 
CGATGCCGTCCAGGAAATGCAGGCCACCTTCGTCGCTCGCTGTCGCCCAACTTCCATGCAAGAGACCCTTTTTTC 
GCTTCCGACCTAGTAGTTCGCTGCGGAAAGTAAAAATCCTCGCGCGGGGGCGAGGATCGAAGCCGAACGTCTCCG 
AGTTGTCGTCCGCAGTTAACCAAGACCGTGGGACCTCGGGAGCAGCGTTCGTAGTTCGCTGCGAGTAAAAATCCT 
CGTGCGGGGCCGAAGCTCGAGCCGAACGCCTCCGGGTTGTCGTCGAGGTTTGACCAGGAGCGTGGGCTCGGAAGA 
GTTGTTGTTCGGGGCGAGGCTCGGAGCCGGAGTCTTCTGGGTTGGTCGTCCACGGTTACCAACAGCGTGGGCTTC 
GTGCCCAGGGTTCGGTATCGAGCCGAGCGTCTCCTGGTTGGTCGTCGGCGTTCCACGGAGAGTGTGGGGTGTTGG 
GAGCCGGGGGTTGTGCTGTGAGTAATAAAGCTCCCTCACCTCGGTGGTGAGTCGGCTTTATTTAGGTTGAAGCAG 
GTAGGTGGGATCAGTATCTCTTTCTCTCGCCCGCCGCCGGGGCTGGACGCCCCTCAACCTGGGCTCCCATTAGGC 
GTCAGAGTGACCGTTTTACAGATACTGGTGTGCAAATCCGTTTGAACCTCAGGAAAAAACTGCCTGAGCCGGCCT 
CGAAATTGGGGTCGAGGAAAAAGGGGGGTAGCGAGGCTTTTTCGACCCTTCGCCACGGGGGAATGGCAACTTGGG 



CGACAACTATCCGGAGATTTTGGGTACATAGCAATTCCTCGGTTAAGAAGACGTTTTGCCCTGTAAATATTTGTA 
AGGCGGGTATGCCTGCTCCCGTCTTCGCTGCCCCCGGCCTCTCCTGAACGCCGTGTTCTTCCCAGCAAAAGAAAG 
CTCCCCGCCGACTGCGGAGAGCTTCTCGAAACCGATCTCGTCAGGCAGTTAGGTCCGCAATGACTTAGGAGATGG 
GGCTGGTACTATCATCCCTCTTCTCGCCCGCCGCCGGGGCTGGACGCCCCTCAACCTGGCTCCCATTAGGCGTCA 
GAGTGGGCTAAAAGTAGGAGGCAAATGTTGTCTCCCGAGGCATTGCCCCGGCCTGAGAATGGGGGTAGAGGAAAA 
AGGGGGATAGCGAGGTTTTTTCGACCCTTCGCCACGAGGGAATGGCAACTTGGGCGACAACTCCACCCCCAGCCG 
GGGAGGGGATGATCCAATAGTATAGAGTCGCATCGATTAAGCGGACCTTTTGCCCCTACCATCCACTCTCTCCCC 
GTCTGACGCGCATACCCAAATCGTTACTCATCAGTACACGCCTTTGGCTCACATACGTCGCTGTGCTAGGTGCGC 
TCTCACCATTGCGGTCGA 
5305712 5305747 36 5305771 5305806 36 23 83.7838 5.4054 40 55.5556 44.4444 
54.8387 45.1613 0.0000 10611518 10611518 
TCTTTAAACACGAAGGACACTGAGGAAGCACGAAGG CCTTCGTGATGCCTTCATGTCTTTCGTGTTTTAAGA 
5484048 5484097 50 5484300 5484350 51 202 82.6923 5.7692 53 50.4950 49.5050 
51.1628 48.83720.0000 10968397 10968397 
TTCACCACGAAGGACACGAAGGGGCACGAAGGTTTTTAGGAATTAGGTAT 
ATCCCCAACTTCCAAATACCTTCGTGGGCCTTCGTGTCCTCCGTGGTTGAA 



Table S5. Repeats 
Program 
repeat-match 
exact-tandems 
Tandem Repeats Finder 
Inverted Repeats Finder 

No. in Ellin 6076 (size range) 
63,764 (20 - 3027) 
31 (3 - 261) 
302 (3 - 417) 
120 (23 - 4436) 

No. in Ellin 345 (size range) 
7294 (20 - 2525) 
19 (7 - 100) 
154 (6 - 279) 
34 (21 - 3018) 





Table S6. Ellin6076 mobile elements 

Tn~e Locus ta~ Domains from NCBI Conserved Domain Search Identity ~rouE 
phage integrase family protein Acid 0347 INT XerDC none 

COG4974 - Site-specific recombinase XerD 
phage integrase family protein Acid 0629 INT Inti 5 
phage integrase family protein Acid 0630 INT-IJAEI 9 

Phage integrase, N-terminal SAM-like domain. 
COG4974 - Site-specific recombinase XerD 

phage integrase family protein Acid 0632 INT SG5 10 
COG4974 - Site-specific recombinase XerD 

phage integrase family protein Acid 0633 INT-IJAEI none 
COG4974 - Site-specific recombinase XerD 

transposase IS311S911 family Acid 0634 COG2963 
protein 
integrase catalytic region Acid 0635 pfam00665 rye 
Transposase, Acid 0644 COG3464 none 
IS20411S 1 00 IllS 109611S 1165 
family 
integrase catalytic region Acid 0719 pfam00665 rye 6 

HTH 7 
integrase catalytic region Acid 0819 pfam00665 rye 6 

pfam08281 Sigma70J4_2 
integrase catalytic region Acid 0942 pfam00665 2 

rYe 
transposase IS311S911 family Acid 0943 pfarriO 1527 transposase _8 2 
integrase catalytic region Acid 1129 pfam00665 rye 6 

HTH 7 
transposase Acid 1319 pfam01548 Transposase_9 pfam02371 7 



IS 1161lS 11 0llS902 family trans po sase _IS 1 16/1 S 1 1 011 S 902 
integrase catalytic region Acid 1329 pfam00665 rye 6 

HTH 7 
transposase IS31lS911 family Acid 1503 PfamO 1527 transposase 8 3 
integrase catalytic region Acid 1504 pfam00665 rYe 3 
integrase catalytic region Acid 1623 pfam00665 rye none 
transposase IS3IIS911 family Acid 1624 COG2963 
integrase catalytic region Acid 1625 pfam00665 

rye 
putative transposase protein Acid 1944 no domains defined 8 
Y4bF 
putative transposase protein Acid 1955 100% identical to Acid 1944 8 
Y4bF no domains defined 
integrase catalytic region Acid 2150 pfam00665 rye 6 

HTH 7 
transposase Acid 2198 Pfam02371 Transposase IS116/ISII0llS902 family 11 
IS 1 16/IS 11 0llS902 family 
integrase catalytic region Acid 2230 pfam00665 rYe 6 

HTH 7 
integrase catalytic region Acid 2273 pfam00665 rye 2 
transposase IS31lS911 family Acid 2274 PfamO 1527 transposase _ 8 2 
integrase catalytic region Acid 2459 pfam00665 rYe 2 
transposase IS31lS91I family Acid 2460 PfamO 1527 transposase _ 8 2 
phage integrase family Acid 2520 lNT-IJAEI none 
phage integrase family Acid 2521 lNT SG4 none 

COG4974 - Site-specific recombinase XerD 
phage integrase family Acid 2522 lNT SG5 none 

COG4974 - Site-specific recombinase XerD 
transposase IS66 Acid 2528 pfam03050 none 
transposase IS31lS911 family Acid 2592 PfamO 1527 transposase _8 3 
integrase catalytic region Acid 2593 pfam00665 3 



rve 
transposase Acid 2663 pfamO 1548 Transposase _9 pfam02371 7 
IS 116/1S 11 0lIS902 family Transposase _ 20 

transposase _IS 116IIS 11 0lIS902 
transposase Acid 2712 pfamO 1548 Transposase _9 pfam02371 7 
IS116IISII0lIS902 family Transposase _20 

transposase _IS 116/1S 11 0lIS902 
phage integrase family protein Acid 2776 INT IntI 4 

COG4974 - Site-specific recombinase XerD 
putative transposase Acid 2778 pfam04986 - Transposase_32 4 

IPR007069 Transposase, IS801IIS 1294 
transposase Acid 2878 pfamO 1548 Transposase _9 pfam023 71 7 
IS 116/IS 11 0lIS902 family Transposase_20 

transposase _IS 116IIS 11 0lIS902 
phage integrase family protein Acid 2897 INT .-J)hiLC3 _ C none 

Pfam01935 DUF87 
Pfam00589? 

transposase IS66 Acid 2942 pfam03050 Transposase IS66 family 12 
phage integrase family protein Acid 2943 INT SG5 none 

COG4974 - Site-specific recombinase XerD 
phage integrase family protein Acid 2945 INT.-J)AEI none 

COG4974 - Site-specific recombinase XerD 
transposase IS66 Acid 2946 no conserved domains none 
transposase IS3IIS911 family Acid 3155 PfamO 1527 transposase _ 8 2 
integrase catalytic region Acid 3156 pfam00665 2 

rve 
transposase Acid 3180 pfam02371 Transposase_20 13 
IS I 1611S 11 0lIS902 family transposase _IS 11611S 11 0lIS902 
putative transposase protein Acid 3260 no domains defined 8 
Y4bF 100% identical to the other Y 4bF genes 
putati ve transposase Acid 3308 pfam04986 - Transposase_32 4 



IPR007069 Transposase, IS80IlIS 1294 
phage integrase family protein Acid 3310 INTyAEI 9 

Phage integrase, N-terminal SAM-like domain. 
COG4974 - Site-specific recombinase XerD 

phage integrase family protein Acid 3311 INT SG4 14 
COG4974 - Site-specific recombinase XerD 

phage integrase family protein Acid 3312 INT SG5 10 
COG4974 - Site-specific recombinase XerD 

phage integrase family protein Acid 3313 INT IntI 4 
COG4974 - Site-specific recombinase XerD 

integrase catalytic region Acid 3574 pfam00665 rYe 2 
transposase IS3/IS911 family Acid 3575 PfamO 1527 transposase _ 8 2 
integrase catalytic region Acid 3877 pfam00665 rye 6 

HTH 7 
transposase Acid 3943 pfamO 1548 Transposase _9 pfam02371 7 
IS 116/IS II 0lIS902 family Transposase _ 20 

transposase _IS 116IIS II 0lIS902 
transposase Acid 3955 pfamO 1548 Transposase _9 pfam02371 7 
ISI16IISI1OIIS902 family Transposase_20 

transposase_ISl16lISll0lIS902 
transposase Acid 4031 pfamO 1548 Transposase _9 pfam02371 7 
IS 116IIS II 0lIS902 family Transposase _ 20 

transposase _IS 116IIS 11 0lIS902 
transposase Acid 4465 pfamO 1548 Transposase _9 pfam02371 13 
IS 116IIS II 0lIS902 family Transposase _ 20 

transposase _IS 116IIS II 0lIS902 
integrase catalytic region Acid 4625 pfam00665 rye 6 

HTH 7 
phage integrase family Acid 4695 !NT P4 none 
integrase catalytic region Acid 4733 pfam00665 rye 3 
transposase IS3IIS911 family Acid 4734 PfamOl527 transposase_8 3 



transposase Acid 4746 COG5659 FOG: Transposase none 
putative transposase Acid 4751 pfam04986 Putative transposase 4 
phage integrase family Acid 4752 TNT IntI 4 

COG4974 - Site-specific recombinase XerD 
transposase IS3IIS911 family Acid 5157 COG2963 Transposase and inactivated derivatives 

pfam01527 - Transposase_8 
integrase catalytic region Acid 5158 pfam00665 rve 1 
integrase catalytic region Acid 5161 pfam00665 rve 2 
transposase IS3IIS911 family Acid 5162 pfam01527 - Transposase_8 2 
integrase catalytic region Acid 5236 pfam00665 rve 6 

HTH 7 
transposase Acid 5320 pfam01548 Transposase_9 pfam02371 7 
IS 116IIS 11 0lIS902 family Transposase _ 20 

transposase_ISl16/lSll0lIS902 
transposase Acid 5341 pfam02371 Transposase_20 II 
IS 116IIS 11 0lIS902 family transposase _IS 116IIS 11 0lIS902 
integrase catalytic region Acid 5347 pfam00665 rve 6 

HTH 7 
transposase Acid 5398 pfamO 1548 Transposase _9 pfam02371 7 
IS 116IIS 11 0lIS902 family Transposase _ 20 

transposase _IS 116IIS 11 0lIS902 
putative transposase protein Acid 5588 no domains defined 8 
Y4bF 
transposase Acid 5784 pfamOl548 Transposase_9 pfam0237I 7 
IS I 16IIS II 0lIS902 family Transposase _ 20 

transposase_ISl16lISll0lIS902 
transposase Acid 5830 pfamO 1548 Transposase _9 pfam02371 7 
IS 116/IS II 0lIS902 family Transposase _ 20 

transposase_IS ll6/IS llO/IS902 
phage integrase family Acid 5994 TNT yhiLC3 _ C none 

COG4974 - Site-specific recombinase XerD 



transposase IS66 Acid 6003 pfam03050 - Transposase _ 25 none 
COG2251 - Predicted nuclease (RecB family) 

integrase catalytic region Acid 6059 pfam00665 rye 15 
integrase catalytic region Acid 6069 pfam00665 rye 2 
transposase IS3IIS911 family Acid 6070 pfam01527 - Transposase 8 2 
transposase Acid 6101 no domains, fragment? 5 
phage integrase family protein Acid 6102 TNT IntI 5 

COG4974 - Site-specific recombinase XerD 
putative transposase Acid 6119 pfam04986 Putative transposase none 
putative transposase Acid 6124 no domains 12 
transposase Acid 6356 pfamO 1548 Transposase _9 pfam023 71 7 
IS116IIS110lIS902 family Transposase _ 20 

transposase_ISl16lIS110lIS902 
transposase Acid 6476 pfamO 1548 Transposase _9 pfam02371 7 
IS116IIS11OIIS902 family Transposase_20 

transposase _IS 116IIS 11 OlIS902 
integrase catalytic region Acid 6521 pfam00665 rye 6 
transposase Acid 6688 pfam01548 Transposase_9 pfam02371 7 
IS 116IIS 11 0lIS902 family Transposase _ 20 

transposase _IS 116/IS 11OIIS902 
transposase Acid 6781 no domains, fragment? none 
phage integrase family Acid 6791 INT XerDC none 

COG4974 - Site-specific recombinase XerD 
phage integrase family Acid 6799 TNT SG5 none 

COG4974 - Site-specific recombinase XerD 
phage integrase family Acid 6800 TNT SG4 none 

COG4974 - Site-specific recombinase XerD 
integrase catalytic region Acid 6803 COG3316 16 
integrase catalytic region Acid 6807 pfam00665 rye none 
integrase catalytic region Acid 6822 pfam00665 rye 1 
transposase IS3IIS911 family Acid 6823 pfamO 1527 - Transposase _ 8 



transposase Acid 6843 no domains none. 
putative transposase Acid 6844 no domains none 
transposase IS3/IS911 family Acid 6861 pfamO 1527 - Transposase _8 
integrase catalytic region Acid 6862 pfam00665 rve 
transposase Acid 6867 no domains none 
transposase Acid 6898 COG3464 Transposase and inactivated derivatives none 
IS204/IS 1 00 lfIS 1 096/IS 1165 pfamO 161 0 - Transposase _12 
family 
transposase Acid 7041 pfam01548 Transposase_9 pfam02371 7 
IS 116/IS 11 0/IS902 family Transposase _ 20 

transposase_ISI16/ISI10IlS902 
integrase catalytic region Acid 7104 pfam00665 rYe 6 

HTH 7 
transposase-like Acid 7107 KEGG: mxa:MXAN_0516 transposase, IS630 family none 

pfam01371 :Trp repressor protein. This protein binds 
to tryptophan and represses transcription of the Trp 
operon. 

integrase catalytic region Acid 7211 pfam00665 rve 6 
HTH 7 

transposase Acid 7233 pfamO 1548 Transposase _9 pfam02371 7 
IS 1161lS 11 0llS902 family Transposase_20 

trans po sase _IS 1161l S 1 I Oil S 902 
transposase IS31lS911 family Acid 7255 pfamO 1527 - Transposase _ 8 3 
integrase catalytic region Acid 7256 pfam00665 rve 3 
integrase catalytic region Acid 7608 pfam00665 rve 16 
integrase catalytic region Acid 7618 pfam00665 rYe 15 
integrase catalytic region Acid 7626 pfam00665 rYe 16 
phage integrase family protein Acid 7640 DNA-BRE-C 5 
phage integrase family protein Acid 7641 DNA-BRE-C, Site-specific recombinase XerD 10 



phage integrase family protein 

phage integrase family protein 

putative transposase 
integrase catalytic region 

Acid 7642 

Acid 7643 

Acid 7645 
Acid 7942 

Int_SG4, DNA-BRE-C, site-specific tyrosine 
recombinase XerC 
pAEl, DNA-BRE-C, XerC 

pfam04986 Putative transposase 
pfam01527 - Transposase_8 
pfam00665 rYe 

14 

9 

5 
3 



Table S7. Candidate genomic islands in the Ellin 6076 genome 
Region size/coords tRNA mobile elements/phage/plasmid GC content dinucleotide bias 

location genes in the region 
I. Acid 0037- 57495- Acid ROO02 no variable variable 
Acid 0155 199752 on + strand 

between phage Tail Collar domain in 
Acid 0139 Acid 0149 
and Acid 0150 
Acid 0143 Acid 0151 

II. Acid 0208 273165- Acid ROO03 phage integrase family protein variable variable -
- Acid 0379 480673 on - strand Acid 0347 

between 
Acid 0243 
and 
Acid 0230 

III. Acid 0607 745512 - Acid ROO07 phage integrase family proteins mostly below yes -
- Acid 0665 832975 on + strand Acid 0629 average 

between Acid 0630 
Good Acid 0604 Acid 0632 
candidate and Acid 0633 

Acid 0608 Acid 0635 
transposase IS31lS911 family 
Acid 0634 
transposase 
IS2041lS 1 00 IllS I 0961lS 1165 
family Acid_0644 

plasmid maintenance system 



killer 
Acid 0688 
plasmid maintenance system 
antidote 
Acid 0689 
plasmid pRiA4b ORF-3 family 
protein 
Acid 0696 

. IV. Acid 0819 1017689- Acid ROO09 integrase catalytic region variable yes 
- Acid 1054 1194647 on + strand Acid 0819 

between integrase catalytic region 
Acid 0970 Acid 0942 
and transposase IS3/IS911 family 
Acid 0974 Acid 0943 

Acid R0011 plasmid stabilization system 
and Acid 1015 
Acid ROO12 
in an rRNA 
operon 
between 
Acid 1004 
and 
Acid 1007 

v. 1365753- Acid ROO15 integrase catalytic region variable variable 
Acid 1110- 1431894 on - strand Acid 1129 -
Acid 1160 between 

Acid 1158 
and 



Acid 1161 

VI. 1500998- Acid ROO16 transposase IS I 16/IS11 0/IS902 variable variable -
Acid 1216 - 1858185 on - strand family -
Acid-1514 between Acid 1319 

Acid 1369 integrase catalytic region 
and Acid- Acid 1329 
1370 

transposase IS3/IS911 family 
Acid ROO17 Acid 1503 
on + strand integrase catalytic region 
between Acid 1504 
Acid 1372 
and 
Acid 1373 

Acid ROOl8 
on + strand 
between 
Acid 1475 
and 
Acid 1477 

VII. 1974941- Acid R0020 integrase catalytic region variable variable 
Acid 1602 - 2200453 and Acid 1623 -
Acid 1770 Acid R0021 Acid 1625 

on + strand transposase IS3/IS911 family 
in an rRNA Acid 1624 
operon 
between Putative bacteriophage-related 
Acid 1601 Acid 1678 



and Acid-
1602 plasmid-related protein 

Acid 1609 
Acid R0024 
on + strand 
between 
Acid 1607 
and 
Acid 1609 

Acid R0025 
on + strand 
between 
Acid 1665 
and 
Acid 1669 

Acid R0026 
on + strand 
between 
Acid 1770 
and 
Acid 1771 

VIII. 2282350- Acid R0027 putative trans po sase protein, variable - variable 
Acid 1830- 2752528 on + strand Y4bF 
Acid 2150 between Acid 1944 

Acid 1923 Acid 1955 
and 
Acid 1928 integrase catalytic region 

Acid 2150 



Acid R0028 
on - strand 
between 
Acid 2113 
and 
Acid 2114 

IX. Acid 2196 2814111- Acid R0029 transposase IS 116IIS 11 0lIS902 variable variable 
-Acid 3156 3999816 on - strand family 

between Acid 2198 
Acid 2346 IS3IIS911 family 
and Acid 2274 
Acid 2348 Acid 2460 

IS66 
Acid R0030 Acid 2528 
on - strand Acid 2529 
between IS3IIS911 family 
Acid 2688 Acid 2592 
and IS 116IIS llO/IS902 family 
Acid 2691 Acid 2663 

Acid 2712 
Acid R0031 putative transposase -
on + strand Acid 2778 
between IS66 
Acid 2749 Acid 2940 
and Acid 2942 
Acid 2752 Acid 2946 

IS3IIS911 family 
Acid R0032 Acid 3155 
on + strand 
between Integrase catalytic region 



Acid 2829 
and 
Acid 2833 

Acid R0033 
on + strand 
between 
Acid 2895 
and 
Acid 2898 

Acid 2230 
Acid 2273 
Acid 2459 
phage integrase family 
Acid 2520 
Acid 2521 
Acid 2522 
integrase catalytic region 
Acid 2593 
phage integrase family 
Acid 2776 
Acid 2943 
Acid 2945 
integrase catalytic region 
Acid 3156 

plasmid maintenance system 
antidote protein 
Acid 2330 
plasmid maintenance system 
killer 
Acid 2331 

phage SPOl DNA polymerase­
related protein 
Acid 2350 

phage shock protein A 
Acid 2384 



X. Acid 3253 4117534- phage shock protein C variable variable 
- Acid 4625 5850429 Acid 4337 
a lot of mobile phage shock protein A 
elements, Acid 4570 
tRNA genes 
and small areas 
of dinucleotide 
bias - may 
have been an 
island at one 
time, but 
subsequent 
rearrangements 
obscured the 
boundaries? 

XI. Acid 4625 5850429- Acid R0043 Integrase catalytic region mostly below yes 
- Acid 4695 5944933 on - strand Acid 4625 average 

between 
Good Acid 4694 
candidate and 

Acid 4696 

XII. 5945173- bacteriophage N4 receptor variable variable 
Acid 4696- 7519982 Acid 5606 
Acid 5994 
a lot of mobile 
elements, 
tRNA genes 
and small areas 
of dinucleotide 



bias - may 
have been an 
island at one 
time, but 
subsequent 
rearrangements 
obscured the 
boundaries? 

XIII. 
Acid 5980-
Acid 6176 

Good 
candidate 

XIV. 
Acid 6243-
Acid 6638 
hard to find 

7502911-
7745505 

7825707-
8326556 

Acid R0050 
on + strand 
between 
Acid 5992 
and 
Acid 5997 

Acid R0051 
on + strand 
between 
Acid 6067 
and 
Acid 6072 

Transposase IS66 variable 
Acid 6003 
transposase 
Acid 6101 
putati ve transposase 
Acid 6119 
IS66 
Acid 6121 
putative transposase 
Acid 6124 

Integrase catalytic region 
Acid 6059 
Acid 6069 
phage integrase family 
Acid 6102 

phage Gp37Gp68 family protein variable 
Acid 6594 

plamid stabilization system 

variable 

variable 



any boundaries 
here 

xv. 
Acid 6758-
Acid 6949 

Good 
candidate 

8469801-
8733305 

Acid R0057 
on + strand 
between 
Acid 6765 
and 
Acid 6770 

Acid 6411 

transposase 
Acid 6781 
IS31lS911 
Acid 6823 

transposase 
Acid 6843 
putative transposase 
Acid 6844 
IS31lS911 
Acid 6861 
transposase 
Acid 6867 

IS2041lS 100 IllS 10961lS 1165 
family 
Acid 6898 

phage integrase family 
Acid 6791 
Acid 6799 
Acid 6800 
integrase catalytic region 
Acid 6803 
Acid 6807 
Acid 6822 
Acid 6862 

mostly below 
average 

yes 



XVI. 
Acid 7211-
Acid 7657 

9059709-
9616304 

Acid R0058 
on - strand 
between 
Acid 7657 
and 
Acid 7658 

integrase catalytic region 
Acid 7211 
transposase IS 116IIS 11 0lIS902 
family 
Acid 7233 
transposase IS3IIS911 family 
Acid 7255 
integrase catalytic region 
Acid 7256 
Acid 7608 
Acid 7618 
Acid 7626 

phage integrase family protein 
Acid 7640 
Acid 7641 
Acid 7642 
Acid 7643 
putative transposase 
Acid 7645 

plasmid-encoded RepA protein 
Acid 7603 
plasmid-related protein 
Acid 7627 

variable variable 



Table S8. Distribution of Benes in COG cateBories for Acidobacteria strains Ellin 6076 and Ellin 345, comEared to other larBe-small Benome Eairs. 
COG Category 6076 345 MLOT BNCI MC2155 MLEP HCHE MED92 REU RSO 
Information storage and ~rocessing 
A. RNA processing and modification 0 1 0 0 3 1 2 I I 5 
B. Chromatin structure and dynamics 3 2 5 I I 0 3 I 3 2 
1. Translation, ribosomal structure and 183 164 198 169 177 123 191 182 207 155 
biogenesis 
K. Transcription 471 295 569 289 525 74 397 251 604 314 
L. ReQlication, recombination and reQair 328 158 294 164 193 65 212 126 192 212 
Cellular ~rocesses and signaling 
D. Cell cycle, cell division, chromosome 26 25 34 35 28 21 40 32 37 29 
partitioning 
M. Cell wall/membrane/envelope biogenesis 443 257 313 228 170 69 269 168 301 242 
N. Cell motility 101 82 67 51 6 6 185 121 113 129 
O. Posttranslational modification, protein 183 134 205 163 136 62 201 143 219 151 
turnover, chaperones 
T. Signal transduction mechanisms 421 316 254 135 190 39 474 380 302 212 
U. Intracellular trafficking, secretion and 172 108 141 140 24 20 142 84 144 167 
vesicular transport 
V. Defense mechanisms 236 116 67 40 49 12 69 34 65 46 
W. Extracellular structures 0 0 1 0 0 0 0 0 0 1 
Y. Nuclear structure 0 0 0 0 0 0 0 0 0 0 
z. C~toskeleton 0 0 0 0 0 0 0 0 0 
Metabolism 
C. Energy production and conversion 344 223 328 268 504 78 215 214 506 235 
E. Amino acid transport and metabolism 392 268 740 508 485 129 421 304 520 364 
F. Nucleotide transport and metabolism 93 68 91 86 103 55 88 67 97 72 
G. Carbohydrate transport and metabolism 427 213 524 247 416 72 234 101 275 188 
H. Coenzyme transport and metabolism 191 131 233 166 205 87 191 156 197 168 
1. Lipid transport and metabolism 182 111 269 168 498 91 169 114 415 169 



P. Inorganic ion transport and metabolism 
Q. Secondary metabolites biosynthesis, 
transport and catabolism 
Poorly characterized 
R. General function prediction only 
S. Function unknown 

SUS: "Solibacter usitatus ", strain Ellin 6076 
345: "Koreobacter versatiUs ", strain Ellin 345 
MLOT: Mesorhizobium loti MAFF303099 
BNC 1: Mesorhizobium sp. BNC 1 

179 118 286 
148 70 202 

833 473 772 
477 308 643 

MC2 155: Mycobacterium smegmatis MC2 155 
MLEP: Mycobacterium leprae TN 
HCHE: Hahella chejuensis KCTC 2396 
MED92: Oceanospirillum sp. MED92 
REU: Ralstonia eutropha H 16 
RSO: Ralstonia solanacearum UW551 

NOTE: Some genes are present in more than one COG category 

239 
123 

462 
420 

282 
403 

821 
347 

49 
57 

127 
81 

205 
130 

544 
418 

143 
63 

334 
278 

303 
258 

697 
617 

186 
100 

418 
348 



Table S9. Distribution of genes in COG categories for Acidobacteria strains Ellin 6076 and Ellin 
345. Only categories with pronounced differences are shown. Shaded categories depict at least a 
two-fold increase in gene content. The complete list of COG categories and comparisons can be 
obtained through the Integrated Microbial Genomes system (http://img.jgi.doe.gov/cgi­
binlpub/main.cgi). 
COG CATEGORY Strain Ellin 6076 Strain Ellin 345 Fold Increase+ 
Information storage and processing 

(A) RNA processing and modification 
(B) Chromatin structure and dynamics 
(J) Translation 

Asp-tRNAAsn/Glu-tRNAGln amidotransferase A subunit and related 
(K) Transcription 

Serine/threonine protein kinase 
DNA-directed RNA polymerase, sigma 24 homolog 
Transcriptional regulators 
Response regulators 

(L) Replication, recombination, repair 
Serine/threonine protein kinase 
Site-specific recombinase XerO 
Transposase and inactivated derivatives 

Cellular processes 
(D) Cell cycle control, mitosis, meiosis 
(M) Cell wall/membrane biogenesis 

Glycosyltransferase 
4-amino-4-deoxy-L-arabinose transferase and related 
Glycosyltransferases involved in cell wall biogenesis 
L-alanine-DL-g'lutamate epimerase and! related 
Outer membrane protein 
Nuc1eoside-diphosphate-sugar epimerases 
ABC-type transport system, involved in lipoprotein release, permease 
Membrane-fusion protein 
Periplasmic protease 
Endopolygalacturonase 
Oihydropicolinate synthaselN-acetylneuraminate lyase 
Cell division protein Ftsl/penicillin-binding protein 2 
Outer membrane protein/protective antigen OMA87 
ABC-type polysaccharide/polyol phosphate export system, permease 
ABC-type polysaccharide/polyol phosphate export system, ATPase 
Periplasmic protein TonB 
Solubl.e lytic murein transglycolase and related regulatory proteins 
AOP-heptosc:LPS heptosyltransferasc 
Membrane proteins related to metalloendopeptidases 
Small-conductance mechanosensitive channel 
Sortase 
Lipid A core-O-antigen ligase and related 

(N) Cell motility 
Up pilus assembly protein PilF 
Type II secretory pathway, pseudopilin PulG 
Type 11 secretory pathway, component PulD 
Methyl-accepting chemotaxis protein 
Pip pilus assembly protein TadC 
Predicted periplasmic or secreted lipoprotein 

(0) Posttranslational modification, protein turnover, chaperones 
Perirredoxin 
Protein disulfide isomerase 
A TPases with chaperone activity, A TP-binding subunit 
Trypsin-like serine proteases, typically periplasmic, C-terminal POZ 
Peptidyl-prolyl cis-trans isomerase (rotamase) - cyclophilin family 
Molecular chaperone 

(T) SignallTansduction mechanisms 
Serine/threonine protein kinase 
Response regulators 
Signal transduction histidine kinase 
Antirepressor regulating drug resistance, signal transduction compo 
Bacteriophytochrome 
DnaK suppressor protein 

(U) Intracellular trafficking, secretion 

0 
3 

183 
13 

471 
79 
70 
114 
141 
328 
79 
32 
64 

26 
444 
36 
26 
36 
25 
40 
29 
17 
14 
13 
II 
9 
7 
6 
6 
6 
6 
6 
5 
5 
5 
6 
4 

101 
26 
5 
4 
4 
3 
3 

183 
21 
8 
8 
8 
7 
10 

421 
79 
141 
88 
12 
9 
7 

174 

I 0 
2 1.5 

164 1.1 
6 2.2 

295 1.6 
30 2.6 
28 2.5 
53 2.2 
119 1.2 
158 2.1 
30 2.6 
6 5.3 
10 6.4 

25 1.0 
257 1.7 
15 2.4 
7 3.7 
15 2.4 
4 6.3 
17 2.4 
20 1.5 
II 1.6 
8 1.8 
2 6.5 
0 > 11 .0 
2 4.5 
4 1.8 
3 2.0 
0 > 6.0 
0 > 6.0 
II NA 
4 1.5 
2 2.5 
1 5.0 
2 2.5 
I 6.0 
2 2.0 

84 1.2 
10 2.6 
9 NA 
2 2.0 
3 1.3 
0 > 3.0 
0 > 3.0 

134 1.4 
9 2.3 
4 2.0 
3 2.7 
4 2.0 
2 3.5 
5 2.0 

316 1.3 
30 2.6 
119 1.2 
58 1.5 
3 4.0 
2 4.5 
2 3.5 

110 1.6 



Tfp pilus assembly protein PilF 26 10 2.6 
Outer membram: protein 25 10 2.5 
Periplasmic component of To I biopolymer transport system 18 7 2.6 
Flp pilus assembly protein TadD 17 9 1.9 
Flp pilus assembly protein, ATPase CpaE 4 0 > 4.0 
Flp pilus assembly protein, ATPase CpaF 4 0 > 4.0 
Type II secretory pathway, component PulD 4 2 2.0 
Signal peptidase [ 4 3 I.J 
Flp pilus assembly protein TadB 3 0 > 3.0 
Flp pilus assembly protein CpaB 3 0 > 3.0 
Flp pilus assembly protein TadC 3 0 > 3.0 
Flp pilus assembly protein, secretin CpaC 2 0 > 2.0 
Flp pilus assembly protein TadG 2 0 > 2.0 
Flp pilus assembly protein, pilin Flp 2 0 > 2.0 
Flp pilus assembly protein, protease CpaA I 0 > 1.0 

(V) Defense m~hanisms 236 116 2.0 
ABC-type antimicrobial peptide transport system 124 54 2.6 
ABC-type multidrug transport system 44 21 2.1 
Beta-Iactamase class C and other penicillin binding proteins 23 13 1.8 
Multidrug resistance eftlux pump [8 9 2.0 
Cationlmultidrug eftlux pump 19 8 2.4 
Lantibiotic modirying enzyme 2 0 > 2.0 

(W) Extracellular stTuctures 0 0 0 
(Z) Cytoskeleton 0 0 0 

Metabolism 
(C) Energy production, conversion 344 223 1.5 

Predicted oxidoreductases 20 8 2.5 
Aerobic-type carbon monoxide dehydrogenase, small subunit 9 3 3.0 
Aerobic-type carbon monoxide dehydrogenase, large subunit 8 3 2.7 
Glycosyltransferases, re tated to UDP-glucuronosyltranslerase 8 3 2.7 
FAD/FMN-containing dehydrogenases 8 2 4.0 
Carbon dioxide conc. mechanisrnlcarboxysome shell proteins 9 0 > 9.0 
FOG:HEA T repeat 6 0 > 6.0 
Rieske Fe-S protein 5 0 > 5.0 
Predicted acetamidase/formamidase 4 0 > 4.0 
Cytochrome b suhun.it 4 0 > 4.0 
Cytochrome c2 3 0 > 3.0 

(E) Amino acid transport, metabolism 392 268 1.5 
Dipeptidyl arninopeptidases/acylaminoacylpeptidases 25 10 2.5 
Acetylornithine deacetylase and related 17 5 3.4 
Lysophospholipase L I and related esterases 16 I 16.0 
Threonine dehydrogenase and related Zn-dependent dehydrogenases 12 5 2.4 
Aspartate/tyrosine/aromatic aminotransferase 9 6 1.5 
Dihydropieolinate synthaselN-acetylneuraminate lyase 9 2 4.5 
Choliine dehydrogenase and related 8 2 4.0 
Xaa-Pro aminopeptidase 7 3 3.5 
Histidinol phosphate/aromatic aminotranslerase 6 3 2.0 
Thiamine pyrophosphate-requiring enzymes 6 3 2.0 
Threonine dehydratase 5 2 2.5 
Spermidine synthase 5 0 > 5.0 
Asparagine synthase (glutamate hydrolyzing) 4 0 > 4.0 
ABC-type spremidine/pulrescine tTansport systems, ATPase 3 I 3.0 
Predicted ornithine cyclodeaminase 3 0 > 3.0 
Methionine synthase II (cobalamin-independent) 3 0 > 3.0 

(F) Nucleotide transport, metabolism 93 68 U 
ADP-ribose pyrophosphatase 6 2 3.0 
[nosine-uridine nucleoside N-rihohydro[ase 3 0 > 3.0 
5' -nucleotidasel2' ,3' -cyclic phosphodiesterase and related esterases 2 0 > 2.0 

(G) Carbohydrate transport, metabolism 427 2[3 2.0 

Sugar phosphate isomerases/epimerases 41 6 6.8 

Arabinose eftlux permease 27 12 2.3 

Glucose dehydrogenase 26 0 > 26.0 

Nucleoside-diphosphate-sugar epimerases 29 20 1.5 

Sugar phosphate permease 16 6 2.7 

Gluconolactonase 13 2 6.5 

Sugar kinases, ribokinase family 10 3 3.3 

Beta-galactosidaselbeta-glucuronidase 9 4 2.3 

Alpha-L-arabinofuranosidase 8 2 4.0 

Glycosyltransferases, related to UDP-g[ucuronosyltransterase 8 3 2.7 

A Ipha-L-fucos idase 7 7.0 



Glucose/sorbosone dehydrogenases 6 I 6.0 
ABC-type polysaccharide/polyol phosphate export system, permease 6 0 > 6.0 
ABC-type polysaccharide/polyol phosphate export system, ATPase 6 0 > 6.0 
Fucose permease 6 3 2.0 
Predicted xylanase/chitin deacetylase 6 5 1.2 
2,4-dihydroxyhept-2-ene-I,7-dioic acid aldolase 5 0 > 5.0 
Beta-glucosidase and related glycosidases 5 8 NA 
Mannose-6-phosphate isomerase 5 3 1.7 

Ribulose-5-phosphate 4-epimerase and related 5 3 1.7 
Beta-xylosidase 4 0 > 4.0 
Beta-galactosidase 4 I 4.0 
Beta-I, 4-xy lanase 3 0 > 3.0 
Hydroxypyruvate isomerase 3 0 >3.0 
D-mannonate dehydratase 3 0 > 3.0 
Ribose/xylose/arabinose/galactoside ABC-type transport, permease 3 0 > 3.0 

(H) Coenzyme transport, metabolism 191 131 1.5 
Methylase involved in ubiquinone/menaquinone biosynthesis 37 19 2.0 
2-polypreny 1-3-methyl-5-hydroxy-6-metoxy-I, 4-benzOQuinol 
methylase 18 4 4.5 
Mg-chelatase subunit ChiD 8 4 2.0 
Demethylmenaquinone methyltransferase 7 0 > 7.0 

(I) Lipid transport, metabolism 182 110 1.7 
Dehydrogenases with ditTerent specificities 39 15 2.6 
Esterase/lipase II 5 2.2 
Carboxylesterase type B 9 0 > 9.0 
Acyl-CoA synthetases (AMP-forming) 8 4 2.0 

(P) Inorganic ion transport, metabolism 179 118 1.5 
Arylsulfatase A and related enzymes 18 0 > 18.0 
Enterochelin esterase and related enzymes 16 2 8.0 
Outer membrane receptor for ferrienterochelin and colic ins 7 3 2.3 
Mn2+ and Fe2+ transporters of the NRAMP family 6 3 3.0 
Cytochrome c peroxidase 6 0 > 6.0 
Putative silver efflux pump 3 I 3.0 

(Q) Secondary metabolites 148 70 2.1 
Dehydrogenases with different specificities 39 15 2.6 
Imidazoloneproprionase and related amidohydrolases 21 II 1.9 
Dienelactone hydrolase and related enzymes 8 I 8.0 
Acyl-CoA synthetases (AMP-forming) 8 4 2.0 
Carbon dioxide conc. mechanism/carboxysome shell proteins 9 0 > 9.0 
N-acyl-D-aspartatelD-glutamate deacylase 5 2 2.5 
Acyl carrier protein 5 3 1.7 
Protein involved in biosynthesis of mitomycin antibiotics/fumonisin 4 0 >4.0 
Predicted enzyme involved in methoxymalonyl-ACP biodynthesis 4 I 4.0 
3-oxoacy 1-( acy I-carrier -protein) synthase 4 2 2.0 
Polyketide synthase modules and related 3 3.0 

Poorly characterized 
(R) General function prediction 833 472 1.8 
(S) Function unknown 477 308 1.5 
(.) Not assigned 2943 1612 1.8 

+ Not normalized for genome size 





Table S10. Functional categories in Ellin 6076 
Category Fold increase in EIlin6076 

compared to EUin345 

Greater than 4-fold increase 
Replication, recombination, repair 
Transposase and inactivated derivatives 
Site-specific recombinase XerD 
Total IS elements 

CeU wall/membrane 
4-amino-4-deoxy-L-ara binose transferase 
and related 
Glycosyl transferase family 39 

L-alanine-DL-glutamate epimerase and related 
enzymes 
Mandelate racemase/muconate lactonizing 
enzyme 
Peri plasmic protease 

peptidase S41 
Endopolygalacturonase 

Glycoside hydrolase family 28 

Dihydropicolinate synthase (DHDPS)/N­
acetylneuraminate lyase (NAL) family 

(# genes) 

6.4 
5.3 
(123 in 6076 
29 in 345) 

3.7 
(26 in 6076 
7 in 345) 

6.3 
(25 in 6076 
4 in 345) 

6.5 
(14 in 6076 
2 in 345) 
> 11.0 
(11 in 6076) 

4.5 
(9 in 6076 

Possible functions 

Movement of DNA within or between genomes 
DNA recombination (1) 

Defense mechanisms: 
Final step in the polymyxin-resistance pathway 
(2,3) 

Aromatic acid catabolism (4) 

Protein/peptide degradation (5) 

Polygalacturonase (pectinase) catalyses the 
random hydrolysis of 1,4-alpha-D­
galactosiduronic linkages in pectate and other 
galacturonans (6). Important for bacterial 
invasion of plants (7). 
In bacteria, NAL is involved in the 
regulation of intracellular sialic acid, where it 



4.2 .1.52 Dihydropicolinate synthase 

ABCtype polysacch.jpolyol phosphate 
export system, permease 
ABC-2 type transporter 

ABC_type polysacch./polyol phosphate 
export system, ATPase 
Membrane proteins related to 
metalloendopeptidases 

peptidase M23B 
Sortase 

Signal Transduction 
Antirepressor regulating drug resistance, 
signal transduction compo 
Peptidase M56, BlaR1 
Bacteriophytochrome 

multi-sensor signal transduction histidine 
kinase 

2 in 345) 

>6.0 
(6 in 6076) 

>6.0 
(6 in 6076) 
5.0 

(5 in 6076 
I in 345) 
6.0 
(6 in 6076 
1 in 345) 
4 genes in 6076 are not found in 
345: "LPXTG-site 
transpeptidase (sortase) family 
protein". The rest are "GCN5-
related N -acety ltransferase" 

4.0 
(12 in 6076 
3 in 345) 
4.5 
(9 in 6076 
2 in 345) 

catalyzes the cleavage ofN-acetylneuraminate 
to produce pyruvate and N-acetyl-D­
mannosamine (8). DHDPS catalyzes the first 
step in the biosynthesis of lysine via the 
diaminopimelate pathway (9). 
Exopolysaccharides participate bacterial 
interactions with plants, protect against 
dessication, and promote adhesion and biofilm 
formation (10). 

Proteolysis 

Sortase is a surface protein transpeptidase that 
acts on surface proteins and anchors them to the 
cell wall (Mazmanian et aI, 1999). 

Defense mechanisms: Drug resistance 
(Brakstad and Maeland, 1997) 

Bacteriophytochromes are phytochrome-like 
proteins that mediate photo sensory responses in 
various bacteria according to their light 
enviroru11ent (Jaubert et ai, 2007). 



Intracellular trafficking, secretion 
Flp pilus assembly protein ATPase CpaE 

Flp pilus assembly protein ATPase CpaF 
Energy production, conversion 
FAD/FMN-containing dehydrogenases 

FAD linked oxidase 
Carbon dioxide conc. mechanismlcarboxysome 
shell proteins 

3 annotated as Ethanolamine utilization protein 
EutN/carboxysome structural protein Ccml 

6 annotated as microcompartments protein 

FOG:HEAT repeat protein 
PBS lyase HEAT domain protein repeat­
containing protein 

Rieske Fe-S protein 

Rieske (2Fe-2S) domain protein 

Predicted acetamidase/formamidase 
Cytochrome b subunit 

>4.0 

>4.0 

4.0 
(8 in 6076 
2 in 345) 
> 9.0 

> 6.0 
6 in 6076 

> 5.0 
5 in 6076 

>4.0 
>4.0 

Not obvious why having extras of these would 
be beneficial 
See above 

General metabolism 

Some non-autotrophic organisms form 
polyhedral organelles resembling carboxysomes 
found in autotrophs. Polyhedral organelles in 
non-autotrophic organisms are involved in 
coenzyme B 12-dependent 1,2-propanediol 
utilization and ethanolamine utilization 
(11, 12). Ellin 6076 did have homo logs of S. 
enterica PduJ (propanediol utilization protein) 
and PduP (putative CoA-dependent 
proprionaldehyde dehydrogenase). 
FOG:HEAT repeat proteins include the lyase 
enzymes that specifically attach particular 
phycobilins to apophycobiliprotein subunits 
(13, 14). 
Rieske iron-sulfur proteins are subunits of 
cytochrome bc-type complexes or oxygenases, 
and may allow an organism's electron transfer 
chains to adapt to changing environmental 
conditions (15). 
Amide metabolism (16). 
Part of the cytochrome bc 1 complex, composed 
of membrane proteins that catalyze the 



Cytochrome b/b6 

Amino acid transport, metabolism 
Lysophospholipase L I and related esterases 

lipolytic enzyme, G-D-S-L family 
Dihydropicolinate synthase IN­
acetylneuraminate lyase 

16.0 
(16 in 6076 
I in 345) 
4.5 

(9 in 6076 
Annotated as dihydrodipicolinate synthetase 2 in 345) 

Choline dehydrogenase and related 
Most annotated as glucose-methanol-choline 
oxidoreductase 
Spermidine synthase 

Asparagine synthase 
(glutamine-hydrolyzing) ( EC:6.3.5.4 ) 

Carbohydrate transport, metabolism 
Sugar phosphate isomerases/epimerases 
Xylose isomerase domain protein TIM barrel 

Glucose . dehy drogenase 
Quinoprotein glucose dehydrogenase 
(EC:1.1.5 .2 ) 

4.0 
(8 in 6076 
2 in 345) 
> 5.0 

>4.0 

6.8 
(41 in 6076 
6 in 345) 

> 26.0 
26 in 6076 
none in 345 

oxidation of ubihydroquinone and the reduction 
of cytochrome c in bacterial photosynthetic and 
respiratory chains (17). 

Lipid metabolism 

See above 

Metabolism (18) 

Involved in the fifth (last) step in the 
biosynthesis of spermidine from arginine and 
methionine (19). 
The enzyme asparagine synthetase produces 
asparagine, AMP, glutamate, and . 
pyrophosphate from aspartate, glutamine, and 
ATP (20). 

This TIM alpha/beta barrel structure is found in 
xylose isomerase, endonuclease IV, and 
bacterial myo-inositol catabolism proteins (21, 
22). 
Quinoprotein glucose dehydrogenase (pyrrolo­
quinoline quinone) functions in glucose and 
glucose-I-phosphate degradation (23-25). 



01 uconolactonase (EC 3.1 . I . I 7) 

Al pha-L-fucosidase 
glycoside hydrolase, family 29 (alpha-L­
fucosidase) ( EC:3.2.1.S1 ) 
Olucose/sorbosone dehydrogenases 

ABC_type polysacch.jpolyol phosphate 
export system, permease 
ABC-type polysaccharide/polyol phosphate 
export system, permease and ATPase 
2,4-dihydroxyhept-2-ene-l, 7 -dioic acid aldolase 
HpcHlHpaI aldolase ( EC:4.1.2.20 ) 
glycoside hydrolase, family 43 (endo-I ,S-
al pha-L-arabinosidase) 

glycoside hydrolase family 39 (beta­
xylosidase) 

Beta-galactosidase (3.2.1.23) 

Coenzyme transport, metabolism 

6.S 
(13 in 6076 
2 in 34S) 

7.0 
(7 in 6076 
I in 34S) 
6.0 
(6 in 6076 
1 in 34S) 
>6.0 

> 6.0 

> S.O 

6.0 
(6 in 6076 
I in 34S) 
4 genes in 6076 encode endo-
1 ,S-alpha-L-arabinosidase, the 
rest encode beta-xylosidases 
4.0 

2-polyprenyl-3-methyl-S-hydroxy-6-metoxy- 4.S 
l,4-benzoquinol methylase (20 in 6076 

4 in 34S) 
annotated as 
Methyltransferase type 12 

Acts in the pathways: 
6-phosphogluconate synthesis via gluconate 
Nonphosphorylated Entner-Doudoroff pathway 
Semi phosphory lated Entner-Doudoroff pathway 
(26). 
Hydrolyzes the alpha-l ,6-linked fucose at the 
reducing-end N-acetylglucosamine in the 
carbohydrate parts of glycoproteins (27) . 
Oxidizes glucose to gluconolactone and uses 
PQQ as a cofactor (24, 2S). 

See above 

See above 

Part of homoprotocatechuate pathway (28). 

Arabinose degradation 
Xylan degradation 
(29) 

Hydrolysis of terminal non-reducing beta-D­
galactose residues in beta-D-galactosides (29) 

UbiO 
Last step in CoQ (ubiquinone) biosynthesis. 
Ubiquinone functions in the respiratory electron 
transport chain of prokaryotes (30). 



Methyltransferase type 11 
Demethylmenaquinone methyltransferase 

Lipid transport, metabolism 
Carboxylesterase type B 

Inorganic ion transport, metabolism 
Arylsulfatase A and related enzymes 

Enterochelin esterase and related enzymes 

Cytochrome c peroxidase 

Secondary metabolites 
Dienelactone hydrolase and related enzymes 
Carboxymethylenebutenolidase ( EC:3.1.1.45 ) 
dienelactone hydrolase ( EC:3.1.1.45 ) 
Carboxysome shell proteins 
Protein involved in biosynthesis of 
mitomycin antibiotics/fumonisin 

Phytanoyl-CoA dioxygenase 
Predicted enzyme involved in 
methoxymalonyl-ACP biosynthesis 

> 7.0 
7 in 6076 

> 9.0 
9 in 6076 

> 18.0 
18 in 6076 
8.0 
(16 in 6076 
2 in 345) 
> 6.0 
6 in 6076 

8.0 
(8 in 6076 
1 in 345) 
See above 
>4.0 
4 in 6076 

4.0 

(4 in 6076 

Demethy Imenaquinone methy ltransferases 
convert dimethylmenaquinone to menaquinone 
in the final step of menaquinone biosynthesis. 
Menaquinone functions in the electron transport 
chain (31 ). 

Ester hydrolysis (32) 

Sulfur metabolism. Sulphatases are enzymes 
that hydrolyze various sulphate esters (33). 
Ester hydrolysis (32) 

Bacterial cytochrome c peroxidases reduce 
hydrogen peroxide without the need to generate 
semi-stable free radicals (34). 

Dienelactone hydro lases playa crucial role in 
chlorocatechol degradation via the modified 
ortho cleavage pathway (35). 
See above 
This family is made up of several eukaryotic 
phytanoyl-CoA dioxygenase (PhyH) proteins, 
ectoine hydroxy lases and a number of bacterial 
deoxygenases (36). 
Secondary metabolism - antibiotic biosynthesis 



FkbH like protein 
Less than 4-fold increase 
Regulation 
Sigma-24 (sigmaE) ECF (74 genes in 6076) 

Anti-sigma factors (14 in 6076) 

Two-component systems 

In 6076: 
109 histidine kinase 
68 response regulator receiver 

in 345: 
70 histidine kinase 
63 response regulator 

Serine/threonine protein kinases (some are 
potential anti-sigma factors) 

35 in 345 
82 in 6076 

1 in 345) 

2.6 

1.75 

Adaptation to environmental conditions (37); 
Survival under nutrient deprivation and 
resistance to oxidative stress (38); 
Carotenoid biosynthesis (39); 
Cell envelope stress tolerance and response (40-
43); 
Response to deleterious environmental 
conditions, ie, from glucose to secondary 
carbon sources (44) 

Cell envelope stress tolerance and response (40) 

Serine/threonine protein kinases (EC 2.7.11.1) 
phosphorylate the OH group of serine or 
threonine (which have similar sidechains), and 
playa role in various cellular processes (45). 



TPR repeat proteins 

122 in 6076 
75 in 345 
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Table Sl1. Metabolic enzymes 
Category # genes in ElIin6076 
Oxidoreductase 128 
Transferase 427 
Hydrolase 198 
Lyase 22 
Isomerase 89 
Ligase 39 

# genes in Ellin345 
64 
267 
123 
16 
39 
32 



Table S12. Central and peripheral aromatic pathways from other large genomes 
(Burkholderia xenovorans LB400 and Rhodococcus sp. RHA1) 
Pathway Ellin 6076 Ellin 345 
Protocatechuate conversion to TCA cycle yes no 
intermediates* 
Vanillate conversion to protocatechuate no no 
3-hydroxyphenylacetate conversion to no no 
protocatechuate 
Catechol conversion to beta-ketoadipate enol- no no 
lactone 
Benzoate conversion to catechol 
Benzoate conversion to Benzoyl-eoA 
Phthalate catabolism 
Terephthalate catabolism 
L-phenylalanine degradation via homogentisate 
L-tyrosine degradation via homogentisate 

no no 
no no 
no no 
no no 
yes yes 
yes yes 

Phenol conversion to catechol no no 
*Genes involved in procatechuate catabolism are homologs of the Rhodococcus RHA 1 
genes. Gene order and orientation in Ellin 6076 were different from RHAl, but some of 
the flanking genes were also in common. The 6076 gene cluster was flanked by tRNA­
Met genes on either side (Acid_R0003 and Acid_R0004). 


