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Cautionary Tales of Next-generation Sequencing 
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1 :  Buchnera aphidicola str Cc
2 :  Buchnera aphidicola str APS
3 :  Buchnera aphidicola str Bp
4 :  Buchnera aphidicola str Sg
5 :  Buchnera aphidicola str Tuc7
6 :  Buchnera aphidicola str 5A
7 :  Escherichia coli BL21(DE3 AU)
8 :  Escherichia coli BL21(DE3 DOE)
9 :  Escherichia coli BL21(DE3 Korea)
10 :  Escherichia coli B str REL606
11 :  Escherichia coli K 12 MG1655
12 :  Escherichia coli K 12 W3110
13 :  Escherichia coli K 12 DH10B
14 :  Escherichia coli DH1
15 :  Escherichia coli BW2952
16 :  Escherichia coli ATCC 8739
17 :  Escherichia_coli HS
18 :  Escherichia coli E24377A
19 :  Escherichia coli 536
20 :  Escherichia coli UTI89
21 :  Escherichia coli APEC O1
22 :  Escherichia coli SE11
23 :  Escherichia coli SE15
24 :  Escherichia coli SMS 3 5
25 :  Escherichia coli 042
26 :  Escherichia coli CFT073
27 :  Escherichia coli IAI1
28 :  Escherichia coli S88
29 :  Escherichia coli ED1a
30 :  Escherichia coli IAI39
31 :  Escherichia coli 55989
32 :  Escherichia coli UMN026
33 :  Escherichia coli O26:H11 str. 11368
34 :  Escherichia coli O103:H2 str. 12009
35 :  Escherichia coli O111:H  str. 11128
36 :  Escherichia coli O127:H6 str. E2348/69
37 :  Escherichia coli O157:H7 str. Sakai
38 :  Escherichia coli O157:H7 str. EDL933
39 :  Escherichia coli O157:H7 str EC4115
40 :  Escherichia coli O157:H7 str. TW14359
41 :  Escherichia fergusonii ATCC 35469
42 :  Yersinia enterocolitica subsp enterocolitica 8081
43 :  Yersinia pestis Angola
44 :  Yersinia pestis Antiqua 
45 :  Yersinia pestis CO92
46 :  Yersinia pestis D106004
47 :  Yersinia pestis D182038
48 :  Yersinia pestis KIM 10 
49 :  Yersinia pestis Nepal516
50 :  Yersinia pestis Pestoides F 
51 :  Yersinia pestis biovar Microtus str 91001
52 :  Yersinia pseudotuberculosis IP 31758 
53 :  Yersinia pseudotuberculosis IP 32953
54 :  Yersinia pseudotuberculosis PB1/+ 
55 :  Yersinia pseudotuberculosis YPIII 
56 :  Shigella boydii CDC 3083 94 
57 :  Shigella boydii Sb227
58 :  Shigella dysenteriae Sd197 
59 :  Shigella flexneri 2002017 
60 :  Shigella flexneri 2a str 2457T 
61 :  Shigella flexneri 2a str 301 
62 :  Shigella flexneri 5 str. 8401
63 :  Shigella sonnei Ss046 
64 :  Erwinia amylovora ATCC 49946
65 :  Erwinia pyrifoliae DSM 12163
66 :  Erwinia pyrifoliae Ep1/96 
67 :  Erwinia tasmaniensis Et1/99 
68 :  Salmonella enterica subsp. arizonae serovar 62:z4 z23:
69 :  Salmonella enterica serovar Paratyphi A str ATCC 9150
70 :  Salmonella enterica serovar Newport str. SL254
71 :  Salmonella enterica serovar Schwarzengrund str CVM19633
72 :  Salmonella enterica serovar Dublin str CT_02021853
73 :  Salmonella enterica serovar Heidelberg str SL476
74 :  Salmonella enterica serovar Agona str SL483
75 :  Salmonella enterica serovar Paratyphi C strain RKS4594
76 :  Salmonella enterica serovar Typhi str CT18 
77 :  Salmonella enterica serovar Typhimurium str LT2
78 :  Salmonella enterica serovar Paratyphi B str SPB7
79 :  Salmonella enterica serovar Enteritidis str P125109
80 :  Salmonella enterica serovar Gallinarum str 287/91
81 :  Salmonella enterica serovar Paratyphi A str AKU_12601
82 :  Salmonella enterica serovar Typhimurium str 14028S
83 :  Salmonella enterica serovar Typhi str Ty2 
84 :  Salmonella enterica serovar Typhimurium
85 :  Salmonella enterica serovar Choleraesuis str SC B67
86 :  Klebsiella pneumoniae subsp pneumoniae MGH 78578 
87 :  Klebsiella pneumoniae NTUH K2044 
88 :  Klebsiella pneumoniae 342
89 :  Klebsiella variicola At 22 
90 :  Proteus mirabilis HI4320 
91 :  Proteus mirabilis ATCC 29906
92 :  Proteus penneri ATCC 35198
93 :  Citrobacter koseri ATCC BAA 895
94 :  Citrobacter rodentium ICC168
95 :  Citrobacter youngae ATCC 29220
96 :  Cronobacter turicensis
97 :  Cronobacter sakazakii ATCC BAA 894
98 :  Candidatus Blochmannia floridanus
99 :  Candidatus Blochmannia pennsylvanicus str BPEN
100 :  Candidatus Hamiltonella defensa 5AT
101 :  Candidatus Pelagibacter ubique HTCC1002
102 :  Dickeya zeae Ech1591
103 :  Dickeya dadantii Ech703
104 :  Dickeya dadantii Ech586
105 :  Edwardsiella tarda EIB202
106 :  Edwardsiella ictaluri 93 146
107 :  Enterobacter cancerogenus ATCC 35316
108 :  Enterobacter sp 638
109 :  Pectobacterium carotovorum subsp carotovorum PC1
110 :  Pectobacterium wasabiae WPP163
111 :  Pectobacterium atrosepticum SCRI1043
112 :  Photorhabdus asymbiotica
113 :  Photorhabdus luminescens subsp laumondii TTO1
114 :  Sodalis glossinidius str morsitans 
115 :  Serratia proteamaculans 568
116 :  Wigglesworthia glossinidia endosymbiont of Glossina brevipalpis
117 :  Xenorhabdus bovienii SS 2004

Comparative Genomics

Dave Ussery
UiO course #MBV-INF 4410 
Bioinformatics for Molecular Biology

Comparative Genomics lecture
Friday, 10 September, 2010



2



10 September, 2010Bioinformatics for Molecular Biology - MBV-INF 4410 course, Biotechnology Centre of Oslo  CBS, Department of Systems Biology

Outline

• The problem - too much data!
• A brief history - The speed of sequencing
• Cautionary tales
• Some approaches to handle this....
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Technology

The data deluge
Businesses, governments and society are only starting to tap its vast potential
Feb 25th 2010 | From The Economist print edition

EIGHTEEN months ago, Li & Fung, a firm that manages supply chains for retailers, saw 100 gigabytes of information flow through its network each 

day. Now the amount has increased tenfold. During 2009, American drone aircraft flying over Iraq and Afghanistan sent back around 24 years’ 

worth of video footage. New models being deployed this year will produce ten times as many data streams as their predecessors, and those in 

2011 will produce 30 times as many.

Everywhere you look, the quantity of information in the world is soaring. According to one estimate, mankind created 150 exabytes (billion 

gigabytes) of data in 2005. This year, it will create 1,200 exabytes. Merely keeping up with this flood, and storing the bits that might be useful, is 

difficult enough. Analysing it, to spot patterns and extract useful information, is harder still. Even so, the data deluge is already starting to 

transform business, government, science and everyday life (see our special report in this issue). It has great potential for good—as long as 

consumers, companies and governments make the right choices about when to restrict the flow of data, and when to encourage it.

1. The problem - too much data!

http://www.economist.com/opinion/displaystory.cfm?story_id=15557443
http://www.economist.com/opinion/displaystory.cfm?story_id=15557443
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1. The problem - too much data!

27 February, 2010 | From The Economist print edition
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Is this everybody’s future? Probably not. But as the torrent of information increases, it is not 

surprising that people feel overwhelmed. “There is an immense risk of cognitive overload,” explains 

Carl Pabo, a molecular biologist who studies cognition. The mind can handle seven pieces of 

information in its short-term memory and can generally deal with only four concepts or relationships 

at once. If there is more information to process, or it is especially complex, people become confused.

Moreover, knowledge has become so specialised that it is impossible for any individual to grasp the 

whole picture. A true understanding of climate change, for instance, requires a knowledge of 

meteorology, chemistry, economics and law, among many other things. And whereas doctors a 

century ago were expected to keep up with the entire field of medicine, now they would need to be 

familiar with about 10,000 diseases, 3,000 drugs and more than 1,000 lab tests. A study in 2004 

suggested that in epidemiology alone it would take 21 hours of work a day just to stay current. And 

as more people around the world become more educated, the flow of knowledge will increase even 

further. The number of peer-reviewed scientific papers in China alone has increased 14-fold since 

1990 (see chart 3).

“What information consumes is rather obvious: it consumes the attention of its recipients,” wrote 

Herbert Simon, an economist, in 1971. “Hence a wealth of information creates a poverty of 

attention.” But just as it is machines that are generating most of the data deluge, so they can also be 

put to work to deal with it. That highlights the role of “information intermediaries”. People rarely deal 

with raw data but consume them in processed form, once they have been aggregated or winnowed 

by computers. Indeed, many of the technologies described in this report, from business analytics to 

recursive machine-learning to visualisation software, exist to make data more digestible for humans

1. The problem - too much data!

27 February, 2010 | From The Economist print edition
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How to visualize lots of data....

In Nature this week, features and opinion pieces on one of the most daunting challenges facing modern 
science: how to cope with the flood of data now being generated.  A petabyte is a lot of memory, however 
you say it - a quadrillion, 1015, or tens of thousands of trillions of bytes. But that is the currency of 'big data'. 
We visited the Sanger Institute's supercomputing centre, and its petabyte of capacity. [News Feature p. 16]

Nature podcast

Volume 455 Number 7209 pp1-136

4 September, 2008

1. The problem - too much data!

8
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Three Current “next-generation” technologies:

1. The problem - too much data!

1. illumina (aka “Solexa”) - 500 million reads (100 bp )

9
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1. The problem - too much data!
Three Current “next-generation” technologies:

2. Roche 454

1. illumina (aka “Solexa”) - 500 million reads (100 bp )

10
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Applied 
Biosystems® 
SOLiD™ 4 System

SPECIFICATION SHEET

See the Difference
The SOLiD™ 4 System enables you to obtain 
more high-quality sequence at a lower 
cost per run. New optimized reagents and 
algorithms provide more uniform coverage 
across the genome and result in higher 
throughput and accuracy for all applications. 
Accelerate your time to results with 
automated workflows, intelligent barcoding 
designs, and the broadest portfolio of 
application-specific kits and analysis tools.  
With the SOLID™ 4 System, you have the 
throughput and accuracy to cost-effectively 
discover causative variation—you have the 
Quality Genome.

Key Benefits

Higher accuracy—detection of 
causative variation enabled at lower 
coverage and cost per sample

Scalable throughput on a single 
platform—80–100 GB of mappable 
sequence per run

Automated workflow—80% reduction 
in hands-on time and increased  
reproducibility in yield allow for  
significant time and labor savings 

True paired-end sequencing—
bidirectional sequencing facilitates 
detection of genetic alterations as well 
as splice variants and fusion  
transcripts with lower sample input 

Robust multiplexing kits—intelligent 
barcode strategy enables accurate  
assignment without introduction of bias 

Sample-to-results application  
support—additional application-
specific kits and flexible analysis 
framework for optimized end-to-end  
application-specific workflows 

Unrivaled support—over 800 dedicated 
service and support specialists as well 
as a catalog of in-depth chemistry and 
bioinformatics courses available

Experience Peace of Mind 
The SOLiD™ System’s open slide format 
and flexible bead densities continue to 
yield increases in throughput on the same 
platform with minor upgrades. The SOLiD™ 
4 System can generate up to 100 Gb 
of mappable sequence or greater than 
1.4 billion reads per run. Discover the peace 
of mind provided by the confidence that you 
will benefit from future technology advances 
without the purchase of a new system. 

SOLiD™ 4
S Y S T E M  S E Q U E N C I N G

1. The problem - too much data!
Three Current “next-generation” technologies:

2. Roche 454 - > 1 million reads (1000 bp)

1. illumina (aka “Solexa”) - 500 million reads (100 bp )

3. ABI SOLiD

~100 Gbp per run!

35 bp reads

11
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Genome Research, Jan 2009The new paradigm of flow cell sequencing
Robert A. Holt1 and Steven J.M. Jones
British Columbia Cancer Agency, Genome Sciences Centre, Vancouver, British Columbia V5Z 4E6, Canada

DNA sequencing is in a period of rapid change, in which capillary sequencing is no longer the technology of choice
for most ultra-high-throughput applications. A new generation of instruments that utilize primed synthesis in flow
cells to obtain, simultaneously, the sequence of millions of different DNA templates has changed the field. We
compare and contrast these new sequencing platforms in terms of stage of development, instrument configuration,
template format, sequencing chemistry, throughput capability, operating cost, data handling issues, and error
models. While these platforms outperform capillary instruments in terms of bases per day and cost per base, the
short length of sequence reads obtained from most instruments and the limited number of samples that can be run
simultaneously imposes some practical constraints on sequencing applications. However, recently developed methods
for paired-end sequencing and for array-based direct selection of desired templates from complex mixtures extend
the utility of these platforms for genome analysis. Given the ever increasing demand for DNA sequence information,
we can expect continuous improvement of this new generation of instruments and their eventual replacement by
even more powerful technology.

Since the establishment of DNA as hereditary material and the
elucidation of its structure, there has been insatiable demand for
sequence information and remarkable innovation in the meth-
ods used to obtain it. Like many technologies, DNA sequencing
has advanced by punctuated equilibrium, where a new approach
to sequencing is introduced, adopted, and improved upon incre-
mentally for some period of time, then replaced by the next
wave. The very earliest sequencing techniques involved varia-
tions on the theme of cleavage of short polynucleotides and sub-
sequent identification by their migration characteristics using
two-dimensional paper chromatography. Using this approach it
was possible to infer short sequences, such as that of the Esche-
richia coli lac operon (Gilbert and Maxam 1973), and it was fea-
sible at the time to report the data from an entire sequencing
project in a paper’s abstract. A transition of major significance
was spearheaded by the Sanger group in the mid 1970s, when
they introduced the notion of using primed template replication
by polymerase and separation of the extension products by gel
electrophoresis (Sanger and Coulson 1975) to obtain DNA se-
quence information. Modifying this approach to allow base-
specific chain termination by di-deoxy nucleotides (Sanger et al.
1977) laid the foundation for sequencing for the next 30 yr.
Further incremental improvements during this time included us-
ing fluorescent rather than radiolabeled terminators, separation
on acrylamide matrices in capillaries rather than slab gels, and,
ultimately, the deployment of mechanized production lines for
template preparation and devices for automated generation and
reading of sequence ladders. This industrial approach to sequenc-
ing spawned the modern era of genomics and has provided an
archive of complete reference genome sequences. Yet demand for
DNA sequence is undiminished and we find ourselves in a new
period of rapid change. If the hallmark of the past paradigm was
electrophoretic separation of terminated DNA chains, then the
hallmark of new paradigm is flow cell sequencing, with stepwise
determination of DNA sequence by iterative cycles of nucleotide
extensions done in parallel on massive numbers of clonally am-
plified template molecules. If one takes the broad view of a flow

cell as a reaction chamber that contains template tethered to a
solid support, to which nucleotides and ancillary reagents are
iteratively applied and washed away, then the new instruments
on the market (the Roche GS-FLX, the Illumina 1G analyzer, and
the Applied Biosystems SOLiD) are all flow cell sequencers (as are
instruments anticipated in the near future such as the Helicos
HeliScope and the Danaher Polonator). Massively parallel ap-
proaches using flow cells allow DNA to be sequenced markedly
faster and cheaper than ever before. This means that lines of
scientific inquiry that once were prohibitively expensive are now
feasible, and this is good because there is much to explore. For
example, human genome sequences have been compiled but rep-
resent a miniscule proportion of the ∼100 million kilograms of
human DNA that is on the planet on any given day. It is certain
that novel template from the biosphere will continue to drive
consecutive waves of innovation in sequencing technology for
some time to come.

The technology

Templates and sequencing chemistries

While all of the latest commercial sequencing instruments use
flow cells and massive parallelization to increase sequencing ca-
pacity, the specifics of template preparation, sequencing chem-
istry, and flow cell configuration differ among the platforms.
There is often a misconception that the new generation of se-
quencers perform sequencing on single molecules. In fact, all
currently available platforms (the Roche GS-FLX, Illumina 1G
analyzer, and the Applied Biosystems SOLiD) require PCR-based
amplification of fragmented template DNA to obtain sufficient
signal for base calling. However, these methods utilize a single
DNA molecule as the initial substrate for amplification allowing
each sequenced molecule to represent a single haplotype. This
has proven to be useful for robust polymorphism detection par-
ticularly in cancer-derived material, where associated normal tis-
sue may obscure heterozygote calls using traditional Sanger se-
quencing of PCR products. As discussed further below, the in-
strument being developed by Helicos stays with the single
molecule throughout analysis.

1Corresponding author.
E-mail rholt@bcgsc.ca; fax (604) 877-6085.
Article is online at http://www.genome.org/cgi/doi/10.1101/gr.073262.107.

Next-Generation DNA Sequencing/Review

18:839–846 ©2008 by Cold Spring Harbor Laboratory Press; ISSN 1088-9051/08; www.genome.org Genome Research 839
www.genome.org

 Cold Spring Harbor Laboratory Press on January 3, 2009 - Published by genome.cshlp.orgDownloaded from 

 "Indeed, any of these new machines running at full capacity for a 
year will generate more sequence than existed in the whole of NCBI 
at the beginning of 2008. Analysis of the sequence data has rapidly 
become the limiting step and will likely become the most expensive 
part. The sheer volume of data will provide challenges in processing, 
networking, storage, and analysis of the flow-cell images just to 
provide the initial base calling."     after Holt & Jones, 2009

Sanger Center has 37 Solexa machines, 
8 ABI Solids, 2 Roche 454 machines

>10,000 teraBytes per month!

1. The problem - too much data!
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Screen shot from Foker Meyer’s talk at the GSC 9 meeting. (held at the J. Craig Venter Institute, Rockville, Maryland, USA, 28-30 April, 2010).
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What is a genome?

2. A brief history - The speed of sequencing

14
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The Human Genome Project  

Started more than 20 years ago (~1985)  

The U.S. government agreed to invest 
$200,000,000 U.S. per year for 20 years. 

One base per second = 216 years!

~3,400,000,000 bp per haploid genome  
~6,800,000,000 bp per diploid genome  

2. A brief history - The speed of sequencing

15
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year # genes 
mapped #years to sequence human genome

1970 none not possible

1980 3 ~4,000,000 years

1990 12 ~1000 years

2000 ~25,000 draft

2010 43,887 a few hours (!)

~40 genomes sequenced (so far!)
plans for 1000 genomes

SCIENTIST AT WORK: GEORGE M. CHURCH

On a Mission to Sequence the Genomes of 100,000 People

Traditionally, biology is about taking apart things like cells to better understand them. For the 

geneticist George M. Church, the main objective is to put the pieces back together.

By DAVID EWING DUNCAN
Published in The New York Times, on 7 June 2010

16
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1. “First Human Genome”
$3,000,000,000 + 15 years

2. Celera genome (a.k.a. J. Craig Venter)
$100,000,000 + 0.75 years (9 months)

3. Jim Watson’s genome
      $900,000 + 0.17 years (2 months)

4. Jens Jensen's genome
         $1,000 + 0.0002 years (0.1 day)

5. "next next-generation" machines

•Helicos Biosystems machine can sequence human genome in 1 hour (2009).

•Pacific Biosciences machine can sequence human genome in 4 minutes (2010).

•Omni Molecular Recognizer Application - human genome less than $1, <1 minute.

2. A brief history - The speed of sequencing

18
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At the time of the announcement of the first drafts of the 
human genome in 2000, there were 8 billion base pairs of 
sequence in the three main databases for ‘finished’ sequence: 
GenBank, run by the US National Center for Biotechnology 

Information; the DNA Databank of Japan; and the European Molecu-
lar Biology Laboratory (EMBL) Nucleotide Sequence Database. The 
databases share their data regularly as part of the International Nucle-
otide Sequence Database Collaboration (INSDC). In the subsequent 
first post-genome decade, they have added another 270 billion bases 
to the collection of finished sequence, doubling the size of the database 
roughly every 18 months. But this number is dwarfed by the amount of 
raw sequence that has been created and stored by researchers around 
the world in the Trace archive and Sequence Read Archive (SRA). 
See Editorial, page 649, and human genome special 
at www.nature.com/humangenome

1. Venter, J. C. et al. Science 291, 1304–1351 (2001). 
2. International Human Genome Sequencing 

Consortium Nature 409, 860–921 (2001). 
3. International Human Genome Sequencing 

Consortium Nature 431, 931–945 (2004).
4. Levy, S. et al. PLoS Biol. 5, e254 (2007). 
5. Wheeler, D. A. et al. Nature 452, 872–876 (2008).
6. Ley, T. J. et al. Nature 456, 66–72 (2008). 
7. Bentley, D. R. et al. Nature 456, 53–59 (2008). 
8. Wang, J. et al. Nature 456, 60–65 (2008).

9. Ahn, S.-M. et al. Genome Res. 19, 1622–1629 
(2009). 

10. Kim, J.-I. et al. Nature 460, 1011–1015 (2009). 
11. Pushkarev, D., Neff, N. F. & Quake, S. R. Nature 

Biotechnol. 27, 847–850 (2009). 
12. Mardis, E. R. et al. N. Engl. J. Med. 10, 1058–1066 

(2009).
13. Drmanac, R. et al. Science 327, 78–81 (2009).
14. McKernan, K. J. et al. Genome Res. 19, 1527–1541 

(2009). 

15. Pleasance, E. D. et al. Nature 463, 191–196 (2010). 
16. Pleasance, E. D. et al. Nature 463, 184–190 (2010). 
17. Clark, M. J. et al. PLoS Genet. 6, e1000832 (2010).
18. Rasmussen, M. et al. Nature 463, 757–762 (2010).
19. Schuster, S. C. et al. Nature 463, 943–947 (2010). 
20. Lupski, J. R. et al. N. Engl. J. Med. doi:10.1056/

NEJMoa0908094 (2010). 
21. Roach, J. C. et al. Science doi:10.1126/

science.1186802 (2010).

The graphic shows all published, fully sequenced hu-
man genomes since 2000, including nine from the first 
quarter of 2010. Some are resequencing e!orts on the 
same person and the list does not include unpublished 
completed genomes.

HOW MANY 
HUMAN GENOMES?

THE SEQUENCE EXPLOSION

670

Vol 464|1 April 2010

670

NATURE|Vol 464|1 April 2010

671

Vol 464|1 April 2010

671

NATURE|Vol 464|1 April 2010 HUMAN GENOME AT TEN NEWS FEATURENEWS FEATURE HUMAN GENOME AT TEN

© 20  Macmillan Publishers Limited. All rights reserved10
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omes from eight different strains.
Acetobacter species have been used
historically for making vinegar and
are known to be quite variable in
terms of their genome content, due to
a large number of transposons
(Azuma et al., 2009). Although the
eight A. pasteurianus strains are also
present in DDBJ and GenBank, only
one sequence is found in the ‘complete
genomes’ list on the NCBI web pages,
and the other seven genomes,
although finished to one contiguous
piece, are listed as ‘in progress’ more
than 6 months after being deposited in
the International Nucleotide Sequence
Database.

Finally, we have listed (Table 1) a set
of seven genomes deposited in
GenBank around the same time. At
one stage, Vibrio sp. isolate Ex25, was
listed as the 1000th genome on the
NCBI pages, although with time, as
some older genomes have been
removed and the lists have been
updated, the 1000th position has
moved a bit, so a range of genomes
is given. Of the seven genomes in the
list, five have at least one publication
associated with them at the time of
writing; Vibrio sp. Ex25 (CP001805)
and Staphylococcus aureus ED98
(CP001781) genomes have not been
described in a publication. Three of
the genomes are from the GEBA
project (Wu et al., 2009):

Rhodothermus marinus strain R-10T
is a member of the phylum
Bacteroidetes and was isolated from
hot springs off the coast of Iceland
(Nolan et al., 2009); Gordonia bronch-
ialis DSM 43247 is a member of the
phylum Actinobacteria, isolated from
the sputum of a woman with diseased
lungs; and Haliangium ochraceum
DSM 14365 is a halophilic deltapro-
teobacterium isolated from coastal
sand in Japan. The Blattabacterium
genome sequenced, which is from a
cockroach endosymbiotic strain,
belongs to the class Flavobacteria in
the phylum Bacteroidetes; the newly
sequenced genome shows evolutionary
convergence with gammaproteobac-
terium endosymbionts (López-
Sánchez et al., 2009). Finally,
Comamonas testosteroni strain CNB-2
was isolated from soil contaminated
with 4-chloronitrobenzene and can
grow on this pollutant using it as its
sole carbon and nitrogen source (Ma
et al., 2009). This betaproteobacterium
is a member of the order Burk-
holderiales, and was given its name
from its ability to metabolize testo-
sterone.

Of the 1000 prokaryotic genomes
sequenced so far, only 7% are archaea,
with the rest (93%) being bacteria.
Whether this ratio is truly reflective of
the relative proportions in the envir-
onment is doubtful. Within the bac-

teria, members of the phyla
Proteobacteria and Firmicutes make
up the majority of the completed
genome sequences, and many of the
new genomes sequenced each year are
found within these two phyla.
Together, these account for 72% (of
930) of bacterial genomes, with 489
(52%) proteobacteria and 187 (20%)
firmicute genomes (GOLD data). A
similar skewed distribution is
observed for the archaeal genomes,
where the majority are from the
phylum Euryarchaeota (63%); with
nearly all the rest coming from the
phylum Crenarchaeota (31%). The
phylum Nanoarchaoeta has only a
single sequenced genome. Such an
uneven distribution in available
sequences has consequences for the
chance that a particular query
sequence will identify similarities in
the database: when a query sequence
from a proteobacterial genome is used
to search the microbial database using
BLAST, the chance is much higher that a
hit will be found than, for instance,
searching with a nanoarchaoeta
sequence. Since the E-value reported
by BLAST is based on the expected
background noise, and is based on the
assumption that the sequences within
the database are random (which
obviously is not true in this case),
the results should be interpreted with
caution when the ‘best hit’ of a

Fig. 1. Increase in the number of genomes completed per year separated by bacterial phylum. Data source: NCBI, complete
genomes (http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi).
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4. Approaches to handle lots of data
Statistics
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The “C-value paradox”
The genome size of an organism is defined as the amount of 
haploid DNA in a genomic set (e.g., an egg or sperm nucleus). 
This is also referred to as the "C-value"; the "C" means 
"constant" or "characteristic", since the size of a genome is 
usually constant for a given species. 

The large difference in genome sizes without any seeming 
relation to an organism’s complexity, is called the C-value 
paradox. 
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What does all this DNA do?

90%

50%

2%
<1%
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The approximate size and characteristics of genomes was 
characterised in the 1960s, in a classic study of the kinetics 
of DNA reassociation by Britten and Kohne (1968).  

1. foldback DNA

2. highly repetitive DNA

 3. middle-repetitive DNA

 4. single-copy DNA

The repetitive DNA can either be localised to discrete regions, or dispersed. 

They found that the DNA could be divided into four fractions: 
 

Britten,R.J., Kohne,D.E., "Repeated sequences in DNA", Science, 161:529-540, (1968).  

DNA repeats
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Highly repetitive DNA
Dispersed - e.g., Alu family 

   • about 300 bp long 

   • 500,000 copies in humans 

   • (about 5% of the human genome) 

   • dispersed throughout the chromosomes

Localised highly repetitive sequences 

    • about 2-10 bp long 

    • present in millions of copies, often in large blocks 

    • (about 6% of the human genome) 

    • associated with heterochromatin 

    • usually very high A+T content
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Often, satellite DNA consists of long tandem arrays of 
repeated sequences, all localised to one or a few discrete 
regions in the chromosomes.  For example, in the kangaroo rat 
(Dipodomys ordii), more than 50% of the genome consists of 
three families of repeated sequences: 

(AAG)n, where n = ~2.24 x 109

(TTAGGG)n, where n = ~2.2 x 109

(ACACAGCGGG)n, where n = ~1.2 x 109

	

Localised repetitive DNA 
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Middle repetitive DNA 
   • makes up more than 40% of the human genome 

   • position varies due to transposable elements 

   •  Includes the following types of sequences:
  - Dinucleotide repeats

	

 - microsatellite DNA

	

 - TRInucleotide repeats

  - associated with many diseases 

  - (e.g., Fragile X, muscular distrophy)
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Letter

Mobile elements create structural variation: Analysis
of a complete human genome
Jinchuan Xing,1 Yuhua Zhang,1 Kyudong Han,2 Abdel Halim Salem,2,3,5

Shurjo K. Sen,2,6 Chad D. Huff,1 Qiong Zhou,1 Ewen F. Kirkness,4 Samuel Levy,4

Mark A. Batzer,2 and Lynn B. Jorde1,7

1Department of Human Genetics, Eccles Institute of Human Genetics, University of Utah, Salt Lake City, Utah 84109, USA;
2Department of Biological Sciences, Louisiana State University, Baton Rouge, Louisiana 70803, USA; 3Department of Anatomy,

Faculty of Medicine, Suez Canal University, Ismailia 41111, Egypt; 4J. Craig Venter Institute, Rockville, Maryland 20850, USA

Structural variants (SVs) are common in the human genome. Because approximately half of the human genome consists of
repetitive, transposable DNA sequences, it is plausible that these elements play an important role in generating SVs in
humans. Sequencing of the diploid genome of one individual human (HuRef) affords us the opportunity to assess, for the
first time, the impact of mobile elements on SVs in an individual in a thorough and unbiased fashion. In this study, we
systematically evaluated more than 8000 SVs to identify mobile element-associated SVs as small as 100 bp and specific to
the HuRef genome. Combining computational and experimental analyses, we identified and validated 706 mobile element
insertion events (including Alu, L1, SVA elements, and nonclassical insertions), which added more than 305 kb of new
DNA sequence to the HuRef genome compared with the Human Genome Project (HGP) reference sequence (hg18). We
also identified 140 mobile element-associated deletions, which removed ;126 kb of sequence from the HuRef genome.
Overall,;10% of the HuRef-specific indels larger than 100 bp are caused by mobile element-associated events. More than
one-third of the insertion/deletion events occurred in genic regions, and new Alu insertions occurred in exons of three
human genes. Based on the number of insertions and the estimated time to the most recent common ancestor of HuRef
and the HGP reference genome, we estimated the Alu, L1, and SVA retrotransposition rates to be one in 21 births, 212
births, and 916 births, respectively. This study presents the first comprehensive analysis of mobile element-related
structural variants in the complete DNA sequence of an individual and demonstrates that mobile elements play an
important role in generating inter-individual structural variation.

[Supplemental material is available online at http://www.genome.org. The sequence data from this study have been
submitted to GenBank (http://www.ncbi.nlm.nih.gov/Genbank/) under accession nos. FI569689–FI569698.]

Structural variants (SVs) in the human genome have been the
subject of much recent research because of their ubiquity, their
evolutionary significance, and their roles in diseases (Redon et al.
2006; Eichler et al. 2007; Lee et al. 2007b; McCarroll and Altshuler
2007). It is now recognized that SVs are common in human
genomes, and most of them are, like single nucleotide poly-
morphisms (SNPs), selectively neutral residents of the genome
(Jakobsson et al. 2008; McCarroll et al. 2008). Insertion/deletion
polymorphisms, or indels, are the most common types of SVs, and
the vast majority of them are relatively small in size (e.g., <10 kb)
(Levy et al. 2007; Wheeler et al. 2008). Although indels have been
characterized at the whole-genome level in multiple individual
human genomes, most studies of indels to date have focused on
relatively large events (usually >5 kb in size) using fosmid paired-
end sequencing (FPES) (Tuzun et al. 2005; Kidd et al. 2008), paired-
end mapping (PEM) (Korbel et al. 2007), array comparative
genomic hybridization, or other microarray-based approaches

(Sharp et al. 2005; Redon et al. 2006; Wong et al. 2007; Perry et al.
2008).

Mobile elements comprise approximately half of the human
and primate genomes and have been amajor factor in creating SVs
and shaping the genome (for reviews, see Xing et al. 2007;
Belancio et al. 2008; Goodier and Kazazian 2008). For example,
mobile element insertions have contributed to a 15%–20% ex-
pansion of the human genome compared with strepsirrhine
genomes (Liu et al. 2003). Several studies also suggest a correlation
between mobile elements and the breakpoints of segmental
duplications and SVs in the human genome (Bailey et al. 2003;
Zhou and Mishra 2005; Kim et al. 2008; Lee et al. 2008). Although
most mobile element-associated structural variants (MASVs) are
thought to be selectively neutral, occasionally MASVs can cause
human diseases. Since the first report of a Hemophilia A case
caused by a de novo L1 insertion (Kazazian et al. 1988), more than
100 cases of documented MASVs have led to human diseases, in-
cluding cases of Pelizaeus-Merzbacher disease, Lesch-Nyhan syn-
drome, Tay-Sachs disease, familial hypercholesterolemia, and
Hunter syndrome (for reviews, see Deininger and Batzer 1999;
Callinan and Batzer 2006; Chen et al. 2006).

Among all mobile element families, only retrotransposons,
such as long interspersed element-1 (LINE-1, or L1), Alu element,
SVA element (named after its main components, SINE-R, VNTR,
and Alu), and endogenous retrovirus (ERV) are actively mobiliz-
ing in the human and primate genomes (Lander et al. 2001;
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genomes, and most of them are, like single nucleotide poly-
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cluding cases of Pelizaeus-Merzbacher disease, Lesch-Nyhan syn-
drome, Tay-Sachs disease, familial hypercholesterolemia, and
Hunter syndrome (for reviews, see Deininger and Batzer 1999;
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Alu repeats - 1 in 21 births => 6.8 billion people/21 = 323 MILLION variants! 

L1 repeats - 1 in 180 births => 6.8 billion people/180 = 37 MILLION variants! 

SCA repeats - 1 in 916 births => 6.8 billion people/916 =  7 MILLION variants! 

  People are different!

Conclusion (part 1):
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       gagttttatc gcttccatga cgcagaagtt aacactttcg gatatttctg atgagtcgaa aaattatctt gataaagcag gaattactac tgcttgttta cgaattaaat 
cgaagtggac tgctggcgga aaatgagaaa attcgaccta tccttgcgca gctcgagaag ctcttacttt gcgacctttc gccatcaact aacgattctg tcaaaaactg 
acgcgttgga tgaggagaag tggcttaata tgcttggcac gttcgtcaag gactggttta gatatgagtc acattttgtt catggtagag attctcttgt tgacatttta 
aaagagcgtg gattactatc tgagtccgat gctgttcaac cactaatagg taagaaatca tgagtcaagt tactgaacaa tccgtacgtt tccagaccgc tttggcctct 
attaagctca ttcaggcttc tgccgttttg gatttaaccg aagatgattt cgattttctg acgagtaaca aagtttggat tgctactgac cgctctcgtg ctcgtcgctg 
cgttgaggct tgcgtttatg gtacgctgga ctttgtggga taccctcgct ttcctgctcc tgttgagttt attgctgccg tcattgctta ttatgttcat cccgtcaaca 
ttcaaacggc ctgtctcatc atggaaggcg ctgaatttac ggaaaacatt attaatggcg tcgagcgtcc ggttaaagcc gctgaattgt tcgcgtttac cttgcgtgta 
cgcgcaggaa acactgacgt tcttactgac gcagaagaaa acgtgcgtca aaaattacgt gcggaaggag tgatgtaatg tctaaaggta aaaaacgttc tggcgctcgc 
cctggtcgtc cgcagccgtt gcgaggtact aaaggcaagc gtaaaggcgc tcgtctttgg tatgtaggtg gtcaacaatt ttaattgcag gggcttcggc cccttacttg 
aggataaatt atgtctaata ttcaaactgg cgccgagcgt atgccgcatg acctttccca tcttggcttc cttgctggtc agattggtcg tcttattacc atttcaacta 
ctccggttat cgctggcgac tccttcgaga tggacgccgt tggcgctctc cgtctttctc cattgcgtcg tggccttgct attgactcta ctgtagacat ttttactttt 
tatgtccctc atcgtcacgt ttatggtgaa cagtggatta agttcatgaa ggatggtgtt aatgccactc ctctcccgac tgttaacact actggttata ttgaccatgc 
cgcttttctt ggcacgatta accctgatac caataaaatc cctaagcatt tgtttcaggg ttatttgaat atctataaca actattttaa agcgccgtgg atgcctgacc 
gtaccgaggc taaccctaat gagcttaatc aagatgatgc tcgttatggt ttccgttgct gccatctcaa aaacatttgg actgctccgc ttcctcctga gactgagctt 
tctcgccaaa tgacgacttc taccacatct attgacatta tgggtctgca agctgcttat gctaatttgc atactgacca agaacgtgat tacttcatgc agcgttacca 
tgatgttatt tcttcatttg gaggtaaaac ctcttatgac gctgacaacc gtcctttact tgtcatgcgc tctaatctct gggcatctgg ctatgatgtt gatggaactg 
accaaacgtc gttaggccag ttttctggtc gtgttcaaca gacctataaa cattctgtgc cgcgtttctt tgttcctgag catggcacta tgtttactct tgcgcttgtt 
cgttttccgc ctactgcgac taaagagatt cagtacctta acgctaaagg tgctttgact tataccgata ttgctggcga ccctgttttg tatggcaact tgccgccgcg 
tgaaatttct atgaaggatg ttttccgttc tggtgattcg tctaagaagt ttaagattgc tgagggtcag tggtatcgtt atgcgccttc gtatgtttct cctgcttatc 
accttcttga aggcttccca ttcattcagg aaccgccttc tggtgatttg caagaacgcg tacttattcg ccaccatgat tatgaccagt gtttccagtc cgttcagttg 
ttgcagtgga atagtcaggt taaatttaat gtgaccgttt atcgcaatct gccgaccact cgcgattcaa tcatgacttc gtgataaaag attgagtgtg aggttataac 
gccgaagcgg taaaaatttt aatttttgcc gctgaggggt tgaccaagcg aagcgcggta ggttttctgc ttaggagttt aatcatgttt cagactttta tttctcgcca 
taattcaaac tttttttctg ataagctggt tctcacttct gttactccag cttcttcggc acctgtttta cagacaccta aagctacatc gtcaacgtta tattttgata 
gtttgacggt taatgctggt aatggtggtt ttcttcattg cattcagatg gatacatctg tcaacgccgc taatcaggtt gtttctgttg gtgctgatat tgcttttgat 
gccgacccta aattttttgc ctgtttggtt cgctttgagt cttcttcggt tccgactacc ctcccgactg cctatgatgt ttatcctttg aatggtcgcc atgatggtgg 
ttattatacc gtcaaggact gtgtgactat tgacgtcctt ccccgtacgc cgggcaataa cgtttatgtt ggtttcatgg tttggtctaa ctttaccgct actaaatgcc 
gcggattggt ttcgctgaat aagagattat ttgtctccag ccacttaagt gaggtgattt atgtttggtg ctattgctgg cggtattgct tctgctcttg ctggtggcgc 
catgtctaaa ttgtttggag gcggtcaaaa agccgcctcc ggtggcattc aaggtgatgt gcttgctacc gataacaata ctgtaggcat gggtgatgct ggtattaaat 
ctgccattca aggctctaat gttcctaacc ctgatgaggc cgcccctagt tttgtttctg gtgctatggc taaagctggt aaaggacttc ttgaaggtac gttgcaggct 
ggcacttctg ccgtttctga taagttgctt gatttggttg gacttggtgg caagtctgcc gctgataaag gaaaggatac tcgtgattat cttgctgctg catttcctga 
gcttaatgct tgggagcgtg ctggtgctga tgcttcctct gctggtatgg ttgacgccgg atttgagaat caaaaagagc ttactaaaat gcaactggac aatcagaaag 
agattgccga gatgcaaaat gagactcaaa aagagattgc tggcattcag tcggcgactt cacgccagaa tacgaaagac caggtatatg cacaaaatga gatgcttgct 
tatcaacaga aggagtctac tgctcgcgtt gcgtctatta tggaaaacac caatctttcc aagcaacagc aggtttccga gattatgcgc caaatgctta ctcaagctca 
aacggctggt cagtatttta ccaatgacca aatcaaagaa atgactcgca aggttagtgc tgaggttgac ttagttcatc agcaaacgca gaatcagcgg tatggctctt 
ctcatattgg cgctactgca aaggatattt ctaatgtcgt cactgatgct gcttctggtg tggttgatat ttttcatggt attgataaag ctgttgccga tacttggaac 
aatttctgga aagacggtaa agctgatggt attggctcta atttgtctag gaaataaccg tcaggattga caccctccca attgtatgtt ttcatgcctc caaatcttgg 
aggctttttt atggttcgtt cttattaccc ttctgaatgt cacgctgatt attttgactt tgagcgtatc gaggctctta aacctgctat tgaggcttgt ggcatttcta 
ctctttctca atccccaatg cttggcttcc ataagcagat ggataaccgc atcaagctct tggaagagat tctgtctttt cgtatgcagg gcgttgagtt cgataatggt 
gatatgtatg ttgacggcca taaggctgct tctgacgttc gtgatgagtt tgtatctgtt actgagaagt taatggatga attggcacaa tgctacaatg tgctccccca 
acttgatatt aataacacta tagaccaccg ccccgaaggg gacgaaaaat ggtttttaga gaacgagaag acggttacgc agttttgccg caagctggct gctgaacgcc 
ctcttaagga tattcgcgat gagtataatt accccaaaaa gaaaggtatt aaggatgagt gttcaagatt gctggaggcc tccactatga aatcgcgtag aggctttgct 
attcagcgtt tgatgaatgc aatgcgacag gctcatgctg atggttggtt tatcgttttt gacactctca cgttggctga cgaccgatta gaggcgtttt atgataatcc 
caatgctttg cgtgactatt ttcgtgatat tggtcgtatg gttcttgctg ccgagggtcg caaggctaat gattcacacg ccgactgcta tcagtatttt tgtgtgcctg 
agtatggtac agctaatggc cgtcttcatt tccatgcggt gcactttatg cggacacttc ctacaggtag cgttgaccct aattttggtc gtcgggtacg caatcgccgc 
cagttaaata gcttgcaaaa tacgtggcct tatggttaca gtatgcccat cgcagttcgc tacacgcagg acgctttttc acgttctggt tggttgtggc ctgttgatgc 
taaaggtgag ccgcttaaag ctaccagtta tatggctgtt ggtttctatg tggctaaata cgttaacaaa aagtcagata tggaccttgc tgctaaaggt ctaggagcta 
aagaatggaa caactcacta aaaaccaagc tgtcgctact tcccaagaag ctgttcagaa tcagaatgag ccgcaacttc gggatgaaaa tgctcacaat gacaaatctg 
tccacggagt gcttaatcca acttaccaag ctgggttacg acgcgacgcc gttcaaccag atattgaagc agaacgcaaa aagagagatg agattgaggc tgggaaaagt 
tactgtagcc gacgttttgg cggcgcaacc tgtgacgaca aatctgctca aatttatgcg cgcttcgata aaaatgattg gcgtatccaa cctgca 
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Base Atlases to Visualize Base Composition Features

Figure 3.3 is an ‘absolute’ Base Atlas, or a graphical representation of the entire ϕX174 
DNA sequence plotted on a single figure (for the positive strand, the one represented 
in Fig. 3.11). Since we are interested in base composition analysis, the densities of the 
four bases are plotted by color intensity (the four outer circles). It is obvious that this 
DNA is quite T-rich, as there is far more red (T’s) than green (A’s), turquoise (G’s), or 
violet (C’s). It would be a challenge to see this at one glance from Fig. 3.1.

Continuing to read this plot from outside to inside, the coding sequences are 
plotted next, and since they are all on one strand only one color is needed here (in 
case there are coding sequences on the strand complementary to the strand that is 
published, we color them red). The next circle is called AT skew, and is a measure of 
the bias of A’s towards one strand (and T’s towards the other). As will be discussed 
in Chapter 7, for some bacteria, the A’s are biased towards the replication leading 
strand, but in other bacterial chromosomes, including E. coli, which this phage nor-
mally infects, the T’s are biased towards the leading strand. The strong red color in 
this lane means that T’s are biased towards the strand represented by the sequence, 
implying that this is the leading replication strand. The next circle shows the GC 
skew, and since the scale is the same as that of the AT skew (+/− 0.20), the absence 
of dark colors indicates that the bias of G’s towards one strand or the other is not as 

1 Phage ϕX174 is a virus that packs its DNA as single strand DNA (ssDNA) in viroid particles, so 
it only contains this positive strand in viroid form.
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Fig. 3.2 Two views of the nucleotide sequence of the ϕX174 genome. The left view shows a 
selection of the restriction enzyme recognition sites originally described in the paper (the unique 
PstI site is red), and the right view shows all 11 protein encoding genes, along with their predicted 
transcripts. The origin of replication is indicated by an arrow
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strong as for the A’s in the previous circle. AT and GC skew are further explained 
in Chapter 7. Finally, the deviation of AT content from the chromosomal average 
percentage AT is plotted, ranging from 40% to 60% AT, with 50% AT in the middle; 
thus bright red regions contain lots of A’s or T’s, and the blue regions are GC-rich. 
There are four dark red regions in the innermost circle that are much more AT-rich 
than the rest of the chromosome.

The plot of Fig. 3.4 shows the same data as in Fig. 3.3, but now as a ‘relative’ Base 
Atlas: the data are normalized to the genomic average for the values in each lane; 
only values greater than three standard deviations above the average are colored. 
At first sight, this is a rather bleached version of the previous figure, but it does 
reveal different information. For instance, there is a region where A’s are highly 
overrepresented compared to the global A content (around 3.5 k), and a relatively 
small stretch where G’s are overrepresented (around 1 k). This isn't obvious from 
the previous, absolute Base Atlas because that is too colourful. Atlas figures can 
display lanes as either absolute ranges, or show regions that deviate by more than 
three standard deviations from the chromosomal average, or a combination of fixed 
and average lanes. The way to tell the scale is to look at the legend, which is always 
oriented with the outermost circle on the top, going towards the innermost circle 
at the bottom. At the right of each scale in the legend, ‘fix’ indicates a fixed range, 
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Fig. 3.3 Absolute DNA Base Atlas of the nucleotide sequence of the ϕX174 genome. The legend 
to the right explains what is represented from the outer to the inner circle. Shown are the fraction 
of each nucleotide along the genome (first four circles counting inwards), the coding sequences on 
the positive (clockwise) strand, the AT and GC skew, and the percent AT. In an ‘absolute’ Atlas all 
lanes are plotted with a fixed range
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while ‘dev’ means that the average is in the middle value (usually light gray) and the 
extreme ends represent plus or minus three standard deviations from the average.

Genome Atlases to Visualize Chromosomes

The analysis of DNA base composition is interesting in itself, but a Base Atlas dis-
plays only a fraction of the type of information a genomic atlas can provide. The 
next step is to combine this with the presence of genes, and to also indicate regions 
containing repeats in DNA sequences. Structural features of the DNA can also be 
plotted. That way, we start to produce what we call a Genome Atlas, providing a 
quick overview of some of the most important and informative features in a microbial 
chromosome, plasmid, or phage. Figure 3.5 represents a Genome Atlas of the ϕX174 
genome.

Of the circles of the Base Atlas of Fig. 3.4 we have chosen to represent only 
AT skew (as a fixed average) and percent AT (as deviation). Three outer circles 
have been added to the atlas, representing DNA structural properties: intrinsic DNA 
curvature in the outermost, followed by stacking energy and position preference. 
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Fig. 3.4 Relative Base Atlas of the ϕX174 genome. In this Atlas the colors represent the regions 
where the base density varies more than three standard deviations from the genomic average. To 
the right of each scale is indicated whether fixed average or three standard deviations are plotted. 
The numbers below the scales indicate how color intensity was chosen. This relative Base Atlas 
(and not the absolute version of Fig. 3.3) is the default Base Atlas used in the remainder of the 
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1,834 / 6,129

29.7 %
1,922 / 6,470

26.5 %
1,781 / 6,719

24.1 %
1,796 / 7,455

26.7 %
1,794 / 6,727

2.8 %
101 / 3,556

30.1 %
1,755 / 5,834

29.4 %
1,764 / 5,994

31.7 %
1,910 / 6,027

33.4 %
1,913 / 5,726

30.4 %
1,777 / 5,851

31.0 %
1,878 / 6,064

34.3 %
1,953 / 5,693

32.0 %
1,860 / 5,806

30.9 %
1,867 / 6,049

31.1 %
1,863 / 5,998

29.1 %
1,829 / 6,289

31.2 %
1,915 / 6,137

30.7 %
1,797 / 5,846

33.9 %
1,946 / 5,744

28.3 %
1,988 / 7,025

31.9 %
1,917 / 6,017

34.0 %
1,954 / 5,744

27.8 %
1,995 / 7,182

31.0 %
1,863 / 6,006

28.8 %
1,801 / 6,261

29.8 %
1,805 / 6,066

25.0 %
1,620 / 6,482

31.4 %
2,028 / 6,455

28.4 %
1,901 / 6,689

25.4 %
1,894 / 7,444

29.3 %
1,956 / 6,684

3.1 %
118 / 3,785

56.8 %
2,820 / 4,964

33.3 %
2,026 / 6,079

35.2 %
2,031 / 5,776

32.2 %
1,907 / 5,924

32.5 %
2,001 / 6,153

37.3 %
2,117 / 5,678

32.5 %
1,911 / 5,875

31.0 %
1,927 / 6,219

32.0 %
1,946 / 6,081

29.9 %
1,908 / 6,373

31.8 %
1,969 / 6,191

29.5 %
1,886 / 6,394

35.0 %
2,023 / 5,787

28.5 %
2,037 / 7,146

33.1 %
2,006 / 6,066

34.0 %
1,989 / 5,858

27.4 %
2,004 / 7,317

37.4 %
2,162 / 5,781

34.0 %
2,072 / 6,094

46.9 %
2,515 / 5,357

25.1 %
1,649 / 6,577

35.4 %
2,261 / 6,380

33.7 %
2,191 / 6,492

31.3 %
2,244 / 7,165

31.4 %
2,086 / 6,647

3.7 %
146 / 3,904

33.9 %
2,099 / 6,190

35.7 %
2,102 / 5,885

32.4 %
1,955 / 6,034

33.0 %
2,063 / 6,244

36.8 %
2,147 / 5,842

32.0 %
1,944 / 6,080

30.3 %
1,948 / 6,431

31.3 %
1,970 / 6,296

29.4 %
1,937 / 6,591

31.3 %
2,006 / 6,406

30.3 %
1,908 / 6,300

34.3 %
2,049 / 5,973

28.5 %
2,084 / 7,313

32.7 %
2,041 / 6,233

33.0 %
2,002 / 6,063

26.9 %
2,025 / 7,517

37.8 %
2,234 / 5,903

34.0 %
2,124 / 6,250

49.4 %
2,665 / 5,394

25.7 %
1,710 / 6,664

35.5 %
2,310 / 6,501

34.2 %
2,269 / 6,636

31.3 %
2,294 / 7,331

31.4 %
2,140 / 6,814

2.4 %
101 / 4,159

73.8 %
3,423 / 4,636

66.4 %
3,187 / 4,802

69.7 %
3,416 / 4,903

50.1 %
2,723 / 5,433

32.7 %
2,030 / 6,200

31.3 %
2,046 / 6,539

31.6 %
2,031 / 6,429

29.7 %
1,995 / 6,712

31.7 %
2,075 / 6,541

29.4 %
1,967 / 6,701

34.6 %
2,117 / 6,112

29.2 %
2,169 / 7,435

33.5 %
2,124 / 6,348

34.0 %
2,086 / 6,137

28.6 %
2,160 / 7,544

35.4 %
2,189 / 6,176

32.8 %
2,112 / 6,445

35.8 %
2,209 / 6,162

28.7 %
1,907 / 6,649

38.6 %
2,502 / 6,481

32.8 %
2,243 / 6,838

29.6 %
2,245 / 7,573

31.7 %
2,208 / 6,957

3.2 %
124 / 3,858

70.3 %
3,142 / 4,472

79.1 %
3,469 / 4,385

54.1 %
2,762 / 5,109

34.2 %
2,027 / 5,919

32.7 %
2,044 / 6,248

33.6 %
2,049 / 6,105

31.2 %
2,003 / 6,416

33.5 %
2,083 / 6,222

30.8 %
1,974 / 6,399

36.4 %
2,118 / 5,824

31.0 %
2,197 / 7,097

35.2 %
2,131 / 6,054

36.5 %
2,119 / 5,806

28.9 %
2,113 / 7,318

37.5 %
2,199 / 5,869

34.5 %
2,125 / 6,156

38.3 %
2,232 / 5,828

30.0 %
1,907 / 6,351

39.6 %
2,475 / 6,256

34.6 %
2,261 / 6,536

30.9 %
2,251 / 7,292

33.4 %
2,220 / 6,649

2.3 %
86 / 3,699

76.4 %
3,330 / 4,358

48.8 %
2,559 / 5,244

31.4 %
1,901 / 6,059

30.4 %
1,923 / 6,323

30.8 %
1,913 / 6,206

29.2 %
1,884 / 6,456

31.7 %
1,956 / 6,164

29.4 %
1,860 / 6,337

33.2 %
1,982 / 5,976

27.9 %
2,029 / 7,279

32.0 %
1,988 / 6,216

33.0 %
1,952 / 5,910

27.0 %
1,986 / 7,360

33.7 %
2,045 / 6,068

31.4 %
1,982 / 6,311

34.2 %
2,065 / 6,046

27.4 %
1,786 / 6,512

35.6 %
2,296 / 6,446

31.9 %
2,117 / 6,628

28.4 %
2,116 / 7,448

30.4 %
2,072 / 6,808

2.6 %
104 / 3,965

50.0 %
2,713 / 5,423

32.4 %
2,004 / 6,187

31.7 %
2,023 / 6,375

32.5 %
2,014 / 6,201

30.6 %
1,973 / 6,458

32.6 %
2,065 / 6,330

31.7 %
1,948 / 6,142

33.8 %
2,088 / 6,186

28.6 %
2,145 / 7,488

32.8 %
2,103 / 6,410

33.6 %
2,064 / 6,148

27.7 %
2,099 / 7,586

34.3 %
2,152 / 6,267

32.2 %
2,100 / 6,515

34.9 %
2,180 / 6,239

28.5 %
1,903 / 6,680

37.0 %
2,429 / 6,572

32.9 %
2,225 / 6,753

29.0 %
2,217 / 7,641

31.3 %
2,189 / 6,996

3.1 %
121 / 3,856

37.1 %
2,124 / 5,730

35.1 %
2,136 / 6,081

36.0 %
2,137 / 5,931

33.3 %
2,087 / 6,270

36.5 %
2,208 / 6,052

33.0 %
2,067 / 6,260

39.6 %
2,244 / 5,667

32.8 %
2,296 / 6,997

38.6 %
2,262 / 5,860

39.6 %
2,248 / 5,672

32.5 %
2,303 / 7,096

41.7 %
2,367 / 5,682

36.4 %
2,203 / 6,053

39.6 %
2,282 / 5,758

30.0 %
1,916 / 6,388

44.6 %
2,677 / 6,002

37.9 %
2,408 / 6,358

33.7 %
2,395 / 7,102

37.1 %
2,386 / 6,439

4.0 %
138 / 3,449

84.5 %
3,283 / 3,886

63.7 %
2,813 / 4,413

58.4 %
2,733 / 4,677

66.0 %
2,921 / 4,428

59.9 %
2,635 / 4,396

67.1 %
3,027 / 4,511

51.9 %
2,991 / 5,767

53.8 %
2,755 / 5,124

48.4 %
2,578 / 5,326

39.3 %
2,646 / 6,740

44.7 %
2,487 / 5,567

39.7 %
2,350 / 5,916

33.0 %
2,005 / 6,077

24.7 %
1,647 / 6,676

34.7 %
2,251 / 6,482

40.2 %
2,516 / 6,260

36.0 %
2,520 / 6,998

42.4 %
2,626 / 6,200

5.1 %
187 / 3,663

65.0 %
2,884 / 4,436

60.8 %
2,856 / 4,696

67.7 %
3,051 / 4,508

61.1 %
2,758 / 4,512

63.7 %
3,065 / 4,814

51.5 %
3,068 / 5,962

51.7 %
2,797 / 5,408

46.1 %
2,608 / 5,656

38.0 %
2,683 / 7,059

42.5 %
2,509 / 5,902

37.9 %
2,368 / 6,253

31.2 %
2,012 / 6,439

23.4 %
1,651 / 7,053

33.2 %
2,265 / 6,832

38.6 %
2,543 / 6,595

34.7 %
2,544 / 7,335

40.6 %
2,651 / 6,536

3.6 %
126 / 3,474

68.5 %
2,981 / 4,352

68.0 %
3,011 / 4,428

57.9 %
2,698 / 4,658

62.6 %
3,015 / 4,819

52.2 %
3,036 / 5,814

51.6 %
2,768 / 5,366

47.2 %
2,616 / 5,538

38.1 %
2,654 / 6,974

43.3 %
2,508 / 5,794

38.0 %
2,344 / 6,166

32.9 %
2,058 / 6,249

23.9 %
1,652 / 6,903

33.9 %
2,273 / 6,713

39.3 %
2,542 / 6,463

35.2 %
2,536 / 7,204

41.6 %
2,663 / 6,398

4.5 %
168 / 3,700

61.6 %
2,951 / 4,791

53.8 %
2,692 / 5,007

56.8 %
2,912 / 5,130

51.1 %
3,027 / 5,918

47.5 %
2,702 / 5,686

43.5 %
2,550 / 5,868

36.2 %
2,626 / 7,264

40.6 %
2,470 / 6,089

36.3 %
2,335 / 6,435

30.7 %
2,011 / 6,554

22.4 %
1,619 / 7,213

31.7 %
2,226 / 7,026

37.0 %
2,507 / 6,767

33.3 %
2,502 / 7,512

39.2 %
2,625 / 6,702

4.6 %
171 / 3,727

61.9 %
2,837 / 4,581

67.2 %
3,191 / 4,749

55.0 %
3,192 / 5,801

54.3 %
2,915 / 5,371

47.9 %
2,691 / 5,621

39.7 %
2,781 / 7,007

44.4 %
2,605 / 5,861

39.0 %
2,430 / 6,233

32.6 %
2,081 / 6,383

24.0 %
1,688 / 7,037

34.2 %
2,330 / 6,822

40.6 %
2,645 / 6,520

36.3 %
2,639 / 7,260

43.1 %
2,778 / 6,445

3.4 %
115 / 3,371

54.3 %
2,797 / 5,155

44.8 %
2,865 / 6,398

46.2 %
2,618 / 5,672

41.7 %
2,471 / 5,923

34.8 %
2,545 / 7,321

39.4 %
2,414 / 6,133

34.6 %
2,248 / 6,503

29.9 %
1,973 / 6,595

22.1 %
1,594 / 7,211

30.7 %
2,167 / 7,062

36.4 %
2,469 / 6,786

32.6 %
2,457 / 7,540

37.7 %
2,552 / 6,763

4.7 %
180 / 3,817

61.5 %
3,387 / 5,503

62.6 %
3,109 / 4,963

55.6 %
2,819 / 5,067

45.4 %
2,921 / 6,431

51.4 %
2,725 / 5,300

44.1 %
2,528 / 5,731

35.9 %
2,136 / 5,944

25.7 %
1,707 / 6,646

38.4 %
2,420 / 6,304

46.8 %
2,789 / 5,955

41.6 %
2,781 / 6,690

49.2 %
2,903 / 5,902

7.4 %
348 / 4,686

50.0 %
3,105 / 6,216

43.8 %
2,826 / 6,446

37.9 %
2,942 / 7,760

42.8 %
2,803 / 6,552

36.2 %
2,549 / 7,038

29.9 %
2,171 / 7,273

21.8 %
1,741 / 7,987

31.6 %
2,426 / 7,684

38.1 %
2,796 / 7,337

35.1 %
2,818 / 8,022

40.8 %
2,948 / 7,218

3.7 %
151 / 4,136

52.0 %
2,782 / 5,350

43.1 %
2,894 / 6,707

48.6 %
2,715 / 5,584

42.4 %
2,529 / 5,971

34.3 %
2,127 / 6,210

25.0 %
1,717 / 6,872

36.1 %
2,382 / 6,605

44.3 %
2,753 / 6,215

40.3 %
2,785 / 6,912

45.4 %
2,831 / 6,231

3.1 %
123 / 3,936

61.6 %
3,565 / 5,787

48.9 %
2,651 / 5,425

42.3 %
2,463 / 5,817

34.6 %
2,081 / 6,017

26.2 %
1,740 / 6,640

36.1 %
2,325 / 6,449

44.9 %
2,715 / 6,045

39.6 %
2,688 / 6,791

47.0 %
2,829 / 6,014

3.2 %
174 / 5,358

40.5 %
2,759 / 6,808

35.0 %
2,532 / 7,230

28.1 %
2,102 / 7,487

21.8 %
1,766 / 8,096

30.8 %
2,404 / 7,808

38.3 %
2,833 / 7,404

34.5 %
2,808 / 8,142

40.4 %
2,965 / 7,341

3.5 %
144 / 4,059

49.9 %
2,791 / 5,597

39.7 %
2,328 / 5,859

25.6 %
1,735 / 6,768

40.3 %
2,550 / 6,326

49.9 %
2,960 / 5,926

45.3 %
2,996 / 6,608

48.7 %
2,939 / 6,033

2.7 %
117 / 4,263

35.2 %
2,189 / 6,225

23.9 %
1,681 / 7,023

37.0 %
2,450 / 6,629

42.1 %
2,699 / 6,415

38.2 %
2,719 / 7,123

40.4 %
2,643 / 6,540

3.5 %
140 / 4,038

26.1 %
1,755 / 6,734

37.0 %
2,400 / 6,495

35.1 %
2,325 / 6,626

32.5 %
2,372 / 7,305

33.5 %
2,256 / 6,738

6.5 %
249 / 3,856

27.2 %
1,956 / 7,195

23.5 %
1,752 / 7,466

21.5 %
1,763 / 8,207

23.4 %
1,763 / 7,534

4.6 %
214 / 4,637

40.5 %
2,752 / 6,800

36.9 %
2,768 / 7,507

35.3 %
2,521 / 7,141

3.8 %
181 / 4,741

68.4 %
4,131 / 6,038

44.1 %
2,952 / 6,696

5.3 %
285 / 5,394

39.5 %
2,943 / 7,455

3.5 %
171 / 4,818

Carsonella ruddii
strain PV

182 proteins, 182 fam
ilies

Buchnera aphidicola

endosym
biont of Cinara cedri

362 proteins, 362 fam
ilies

Buchnera aphidicola

strain A
PS (endosym

biont of A
cyrthosiphon pisum

)

567 proteins, 565 fam
ilies

Blochm
annia floridanus

endosym
biont of Cam

ponotus floridanus

583 proteins, 583 fam
ilies

Blochm
annia pennsylvanicus

strain BPEN
 endosym

biont of Cam
ponotus pennsylvanicus

610 proteins, 610 fam
ilies

W
igglesworthia glossinidia

endosym
biont of G

lossina brevipalpis

617 proteins, 617 fam
ilies

H
am

iltonella defensa

strain 5A
T (endosym

biont of A
cyrthosiphon pisum

)

2,148 proteins, 1,886 fam
ilies

Sodalis glossinidius

strain m
orsitans

2,516 proteins, 2,318 fam
ilies

Erwinia tasm
aniensis

strain Et1/99

3,622 proteins, 3,515 fam
ilies

Erwinia carotovora

subspecies atroseptica strain SCRI1043

4,472 proteins, 4,227 fam
ilies

Proteus m
irabilis

strain H
I4320

3,662 proteins, 3,522 fam
ilies

Edwardsiella ictaluri

strain 93-146

3,783 proteins, 3,556 fam
ilies

D
ickeya dadantii

strain Ech703

3,970 proteins, 3,785 fam
ilies

D
ickeya zeae

strain Ech1591

4,164 proteins, 3,904 fam
ilies

Yersinia pseudotuberculosis 

strain IP 31758

4,324 proteins, 4,159 fam
ilies

Yersinia pseudotuberculosis

strain IP 32953

4,038 proteins, 3,858 fam
ilies

Yersinia pestis

strain A
ngola

4,040 proteins, 3,699 fam
ilies

Yersinia pestis

strain A
ntiqua

4,364 proteins, 3,965 fam
ilies

/Yersinia enterocolitica

subsp. enterocolitica 8081

4,051 proteins, 3,856 fam
ilies

Shigella flexneri

2a strain 2457T

4,061 proteins, 3,449 fam
ilies

Shigella flexneri

2a strain 301

4,440 proteins, 3,663 fam
ilies

Shigella boydii
strain Sb227

4,284 proteins, 3,474 fam
ilies

Shigella boydii

strain CD
C 3083-94

4,557 proteins, 3,700 fam
ilies

Shigella sonnei
strain Ss046

4,471 proteins, 3,727 fam
ilies

Shigella dysenteriae
strain Sd197

4,502 proteins, 3,371 fam
ilies

Escherichia coli

strain BW
2952

4,084 proteins, 3,817 fam
ilies

Escherichia coli

serotype O
157:H

7 strain EC4115

5,477 proteins, 4,686 fam
ilies

Escherichia fergusonii

strain A
TCC 35469

4,321 proteins, 4,136 fam
ilies

Salm
onella_entericastrain  

4,093 proteins, 3,936 fam
ilies

Salm
onella enterica

subsp. enterica serovar Paratyphi B str. SPB7

5,592 proteins, 5,358 fam
ilies

Enterobacter species
strain 638

4,240 proteins, 4,059 fam
ilies

Enterobacter sakazakii

strain A
TCC BA

A
-894

4,420 proteins, 4,263 fam
ilies

Pectobacterium
 carotovorum

strain PC1

4,246 proteins, 4,038 fam
ilies

Photorhabdus asym
biotica

strain A
TCC 43949 (sym

biont of H
eterorhabditis indica)

4,417 proteins, 3,856 fam
ilies

Serratia proteam
aculans
strain 568

4,942 proteins, 4,637 fam
ilies

Klebsiella pneum
oniae 

strain N
TU

H
-K2044

4,992 proteins, 4,741 fam
ilies

Klebsiella pneum
oniae

strain 342

5,768 proteins, 5,394 fam
ilies

Citrobacter koseri

strain A
TCC BA

A
-895

5,031 proteins, 4,818 fam
ilies
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2,209 / 6,162

28.7 %
1,907 / 6,649

38.6 %
2,502 / 6,481

32.8 %
2,243 / 6,838

29.6 %
2,245 / 7,573

31.7 %
2,208 / 6,957

3.2 %
124 / 3,858

70.3 %
3,142 / 4,472

79.1 %
3,469 / 4,385

54.1 %
2,762 / 5,109

34.2 %
2,027 / 5,919

32.7 %
2,044 / 6,248

33.6 %
2,049 / 6,105

31.2 %
2,003 / 6,416

33.5 %
2,083 / 6,222

30.8 %
1,974 / 6,399

36.4 %
2,118 / 5,824

31.0 %
2,197 / 7,097

35.2 %
2,131 / 6,054

36.5 %
2,119 / 5,806

28.9 %
2,113 / 7,318

37.5 %
2,199 / 5,869

34.5 %
2,125 / 6,156

38.3 %
2,232 / 5,828

30.0 %
1,907 / 6,351

39.6 %
2,475 / 6,256

34.6 %
2,261 / 6,536

30.9 %
2,251 / 7,292

33.4 %
2,220 / 6,649

2.3 %
86 / 3,699

76.4 %
3,330 / 4,358

48.8 %
2,559 / 5,244

31.4 %
1,901 / 6,059

30.4 %
1,923 / 6,323

30.8 %
1,913 / 6,206

29.2 %
1,884 / 6,456

31.7 %
1,956 / 6,164

29.4 %
1,860 / 6,337

33.2 %
1,982 / 5,976

27.9 %
2,029 / 7,279

32.0 %
1,988 / 6,216

33.0 %
1,952 / 5,910

27.0 %
1,986 / 7,360

33.7 %
2,045 / 6,068

31.4 %
1,982 / 6,311

34.2 %
2,065 / 6,046

27.4 %
1,786 / 6,512

35.6 %
2,296 / 6,446

31.9 %
2,117 / 6,628

28.4 %
2,116 / 7,448

30.4 %
2,072 / 6,808

2.6 %
104 / 3,965

50.0 %
2,713 / 5,423

32.4 %
2,004 / 6,187

31.7 %
2,023 / 6,375

32.5 %
2,014 / 6,201

30.6 %
1,973 / 6,458

32.6 %
2,065 / 6,330

31.7 %
1,948 / 6,142

33.8 %
2,088 / 6,186

28.6 %
2,145 / 7,488

32.8 %
2,103 / 6,410

33.6 %
2,064 / 6,148

27.7 %
2,099 / 7,586

34.3 %
2,152 / 6,267

32.2 %
2,100 / 6,515

34.9 %
2,180 / 6,239

28.5 %
1,903 / 6,680

37.0 %
2,429 / 6,572

32.9 %
2,225 / 6,753

29.0 %
2,217 / 7,641

31.3 %
2,189 / 6,996

3.1 %
121 / 3,856

37.1 %
2,124 / 5,730

35.1 %
2,136 / 6,081

36.0 %
2,137 / 5,931

33.3 %
2,087 / 6,270

36.5 %
2,208 / 6,052

33.0 %
2,067 / 6,260

39.6 %
2,244 / 5,667

32.8 %
2,296 / 6,997

38.6 %
2,262 / 5,860

39.6 %
2,248 / 5,672

32.5 %
2,303 / 7,096

41.7 %
2,367 / 5,682

36.4 %
2,203 / 6,053

39.6 %
2,282 / 5,758

30.0 %
1,916 / 6,388

44.6 %
2,677 / 6,002

37.9 %
2,408 / 6,358

33.7 %
2,395 / 7,102

37.1 %
2,386 / 6,439

4.0 %
138 / 3,449

84.5 %
3,283 / 3,886

63.7 %
2,813 / 4,413

58.4 %
2,733 / 4,677

66.0 %
2,921 / 4,428

59.9 %
2,635 / 4,396

67.1 %
3,027 / 4,511

51.9 %
2,991 / 5,767

53.8 %
2,755 / 5,124

48.4 %
2,578 / 5,326

39.3 %
2,646 / 6,740

44.7 %
2,487 / 5,567

39.7 %
2,350 / 5,916

33.0 %
2,005 / 6,077

24.7 %
1,647 / 6,676

34.7 %
2,251 / 6,482

40.2 %
2,516 / 6,260

36.0 %
2,520 / 6,998

42.4 %
2,626 / 6,200

5.1 %
187 / 3,663

65.0 %
2,884 / 4,436

60.8 %
2,856 / 4,696

67.7 %
3,051 / 4,508

61.1 %
2,758 / 4,512

63.7 %
3,065 / 4,814

51.5 %
3,068 / 5,962

51.7 %
2,797 / 5,408

46.1 %
2,608 / 5,656

38.0 %
2,683 / 7,059

42.5 %
2,509 / 5,902

37.9 %
2,368 / 6,253

31.2 %
2,012 / 6,439

23.4 %
1,651 / 7,053

33.2 %
2,265 / 6,832

38.6 %
2,543 / 6,595

34.7 %
2,544 / 7,335

40.6 %
2,651 / 6,536

3.6 %
126 / 3,474

68.5 %
2,981 / 4,352

68.0 %
3,011 / 4,428

57.9 %
2,698 / 4,658

62.6 %
3,015 / 4,819

52.2 %
3,036 / 5,814

51.6 %
2,768 / 5,366

47.2 %
2,616 / 5,538

38.1 %
2,654 / 6,974

43.3 %
2,508 / 5,794

38.0 %
2,344 / 6,166

32.9 %
2,058 / 6,249

23.9 %
1,652 / 6,903

33.9 %
2,273 / 6,713

39.3 %
2,542 / 6,463

35.2 %
2,536 / 7,204

41.6 %
2,663 / 6,398

4.5 %
168 / 3,700

61.6 %
2,951 / 4,791

53.8 %
2,692 / 5,007

56.8 %
2,912 / 5,130

51.1 %
3,027 / 5,918

47.5 %
2,702 / 5,686

43.5 %
2,550 / 5,868

36.2 %
2,626 / 7,264

40.6 %
2,470 / 6,089

36.3 %
2,335 / 6,435

30.7 %
2,011 / 6,554

22.4 %
1,619 / 7,213

31.7 %
2,226 / 7,026

37.0 %
2,507 / 6,767

33.3 %
2,502 / 7,512

39.2 %
2,625 / 6,702

4.6 %
171 / 3,727

61.9 %
2,837 / 4,581

67.2 %
3,191 / 4,749

55.0 %
3,192 / 5,801

54.3 %
2,915 / 5,371

47.9 %
2,691 / 5,621

39.7 %
2,781 / 7,007

44.4 %
2,605 / 5,861

39.0 %
2,430 / 6,233

32.6 %
2,081 / 6,383

24.0 %
1,688 / 7,037

34.2 %
2,330 / 6,822

40.6 %
2,645 / 6,520

36.3 %
2,639 / 7,260

43.1 %
2,778 / 6,445

3.4 %
115 / 3,371

54.3 %
2,797 / 5,155

44.8 %
2,865 / 6,398

46.2 %
2,618 / 5,672

41.7 %
2,471 / 5,923

34.8 %
2,545 / 7,321

39.4 %
2,414 / 6,133

34.6 %
2,248 / 6,503

29.9 %
1,973 / 6,595

22.1 %
1,594 / 7,211

30.7 %
2,167 / 7,062

36.4 %
2,469 / 6,786

32.6 %
2,457 / 7,540

37.7 %
2,552 / 6,763

4.7 %
180 / 3,817

61.5 %
3,387 / 5,503

62.6 %
3,109 / 4,963

55.6 %
2,819 / 5,067

45.4 %
2,921 / 6,431

51.4 %
2,725 / 5,300

44.1 %
2,528 / 5,731

35.9 %
2,136 / 5,944

25.7 %
1,707 / 6,646

38.4 %
2,420 / 6,304

46.8 %
2,789 / 5,955

41.6 %
2,781 / 6,690

49.2 %
2,903 / 5,902

7.4 %
348 / 4,686

50.0 %
3,105 / 6,216

43.8 %
2,826 / 6,446

37.9 %
2,942 / 7,760

42.8 %
2,803 / 6,552

36.2 %
2,549 / 7,038

29.9 %
2,171 / 7,273

21.8 %
1,741 / 7,987

31.6 %
2,426 / 7,684

38.1 %
2,796 / 7,337

35.1 %
2,818 / 8,022

40.8 %
2,948 / 7,218

3.7 %
151 / 4,136

52.0 %
2,782 / 5,350

43.1 %
2,894 / 6,707

48.6 %
2,715 / 5,584

42.4 %
2,529 / 5,971

34.3 %
2,127 / 6,210

25.0 %
1,717 / 6,872

36.1 %
2,382 / 6,605

44.3 %
2,753 / 6,215

40.3 %
2,785 / 6,912

45.4 %
2,831 / 6,231

3.1 %
123 / 3,936

61.6 %
3,565 / 5,787

48.9 %
2,651 / 5,425

42.3 %
2,463 / 5,817

34.6 %
2,081 / 6,017

26.2 %
1,740 / 6,640

36.1 %
2,325 / 6,449

44.9 %
2,715 / 6,045

39.6 %
2,688 / 6,791

47.0 %
2,829 / 6,014

3.2 %
174 / 5,358

40.5 %
2,759 / 6,808

35.0 %
2,532 / 7,230

28.1 %
2,102 / 7,487

21.8 %
1,766 / 8,096

30.8 %
2,404 / 7,808

38.3 %
2,833 / 7,404

34.5 %
2,808 / 8,142

40.4 %
2,965 / 7,341

3.5 %
144 / 4,059

49.9 %
2,791 / 5,597

39.7 %
2,328 / 5,859

25.6 %
1,735 / 6,768

40.3 %
2,550 / 6,326

49.9 %
2,960 / 5,926

45.3 %
2,996 / 6,608

48.7 %
2,939 / 6,033

2.7 %
117 / 4,263

35.2 %
2,189 / 6,225

23.9 %
1,681 / 7,023

37.0 %
2,450 / 6,629

42.1 %
2,699 / 6,415

38.2 %
2,719 / 7,123

40.4 %
2,643 / 6,540

3.5 %
140 / 4,038

26.1 %
1,755 / 6,734

37.0 %
2,400 / 6,495

35.1 %
2,325 / 6,626

32.5 %
2,372 / 7,305

33.5 %
2,256 / 6,738

6.5 %
249 / 3,856

27.2 %
1,956 / 7,195

23.5 %
1,752 / 7,466

21.5 %
1,763 / 8,207

23.4 %
1,763 / 7,534

4.6 %
214 / 4,637

40.5 %
2,752 / 6,800

36.9 %
2,768 / 7,507

35.3 %
2,521 / 7,141

3.8 %
181 / 4,741

68.4 %
4,131 / 6,038

44.1 %
2,952 / 6,696

5.3 %
285 / 5,394

39.5 %
2,943 / 7,455

3.5 %
171 / 4,818

Carsonella ruddii
strain PV

182 proteins, 182 fam
ilies

Buchnera aphidicola

endosym
biont of Cinara cedri

362 proteins, 362 fam
ilies

Buchnera aphidicola

strain A
PS (endosym

biont of A
cyrthosiphon pisum

)

567 proteins, 565 fam
ilies

Blochm
annia floridanus

endosym
biont of Cam

ponotus floridanus

583 proteins, 583 fam
ilies

Blochm
annia pennsylvanicus

strain BPEN
 endosym

biont of Cam
ponotus pennsylvanicus

610 proteins, 610 fam
ilies

W
igglesworthia glossinidia

endosym
biont of G

lossina brevipalpis

617 proteins, 617 fam
ilies

H
am

iltonella defensa

strain 5A
T (endosym

biont of A
cyrthosiphon pisum

)

2,148 proteins, 1,886 fam
ilies

Sodalis glossinidius

strain m
orsitans

2,516 proteins, 2,318 fam
ilies

Erwinia tasm
aniensis

strain Et1/99

3,622 proteins, 3,515 fam
ilies

Erwinia carotovora

subspecies atroseptica strain SCRI1043

4,472 proteins, 4,227 fam
ilies

Proteus m
irabilis

strain H
I4320

3,662 proteins, 3,522 fam
ilies

Edwardsiella ictaluri

strain 93-146

3,783 proteins, 3,556 fam
ilies

D
ickeya dadantii

strain Ech703

3,970 proteins, 3,785 fam
ilies

D
ickeya zeae

strain Ech1591

4,164 proteins, 3,904 fam
ilies

Yersinia pseudotuberculosis 

strain IP 31758

4,324 proteins, 4,159 fam
ilies

Yersinia pseudotuberculosis

strain IP 32953

4,038 proteins, 3,858 fam
ilies

Yersinia pestis

strain A
ngola

4,040 proteins, 3,699 fam
ilies

Yersinia pestis

strain A
ntiqua

4,364 proteins, 3,965 fam
ilies

/Yersinia enterocolitica

subsp. enterocolitica 8081

4,051 proteins, 3,856 fam
ilies

Shigella flexneri

2a strain 2457T

4,061 proteins, 3,449 fam
ilies

Shigella flexneri

2a strain 301

4,440 proteins, 3,663 fam
ilies

Shigella boydii
strain Sb227

4,284 proteins, 3,474 fam
ilies

Shigella boydii

strain CD
C 3083-94

4,557 proteins, 3,700 fam
ilies

Shigella sonnei
strain Ss046

4,471 proteins, 3,727 fam
ilies

Shigella dysenteriae
strain Sd197

4,502 proteins, 3,371 fam
ilies

Escherichia coli

strain BW
2952

4,084 proteins, 3,817 fam
ilies

Escherichia coli

serotype O
157:H

7 strain EC4115

5,477 proteins, 4,686 fam
ilies

Escherichia fergusonii

strain A
TCC 35469

4,321 proteins, 4,136 fam
ilies

Salm
onella_entericastrain  

4,093 proteins, 3,936 fam
ilies

Salm
onella enterica

subsp. enterica serovar Paratyphi B str. SPB7

5,592 proteins, 5,358 fam
ilies

Enterobacter species
strain 638

4,240 proteins, 4,059 fam
ilies

Enterobacter sakazakii

strain A
TCC BA

A
-894

4,420 proteins, 4,263 fam
ilies

Pectobacterium
 carotovorum

strain PC1

4,246 proteins, 4,038 fam
ilies

Photorhabdus asym
biotica

strain A
TCC 43949 (sym

biont of H
eterorhabditis indica)

4,417 proteins, 3,856 fam
ilies

Serratia proteam
aculans
strain 568

4,942 proteins, 4,637 fam
ilies

Klebsiella pneum
oniae 

strain N
TU

H
-K2044

4,992 proteins, 4,741 fam
ilies

Klebsiella pneum
oniae

strain 342

5,768 proteins, 5,394 fam
ilies

Citrobacter koseri

strain A
TCC BA

A
-895

5,031 proteins, 4,818 fam
ilies
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Homology within proteomes

20.0 %0.0 %

Homology between proteomes

100.0 %0.0 %

0.0 %
0 / 182

2.3 %
12 / 532

2.0 %
15 / 733

0.0 %
0 / 765

1.5 %
12 / 780

2.3 %
18 / 781

0.5 %
12 / 2,316

0.4 %
11 / 2,684

0.0 %
0 / 3,804

0.2 %
11 / 4,639

0.0 %
0 / 3,844

0.3 %
11 / 3,949

0.3 %
12 / 4,136

0.3 %
11 / 4,331

0.2 %
11 / 4,489

0.3 %
11 / 4,201

0.3 %
11 / 4,206

0.2 %
11 / 4,528

0.3 %
11 / 4,213

0.2 %
10 / 4,228

0.0 %
0 / 4,622

0.2 %
11 / 4,450

0.2 %
11 / 4,723

0.2 %
11 / 4,637

0.2 %
10 / 4,670

0.3 %
11 / 4,248

0.2 %
10 / 5,644

0.2 %
11 / 4,486

0.3 %
11 / 4,259

0.2 %
10 / 5,759

0.2 %
11 / 4,404

0.2 %
10 / 4,587

0.2 %
11 / 4,413

0.2 %
11 / 4,583

0.2 %
11 / 5,106

0.0 %
0 / 5,174

0.2 %
10 / 5,935

0.2 %
10 / 5,199

0.0 %
0 / 362

32.8 %
229 / 699

0.0 %
0 / 945

18.0 %
148 / 824

17.0 %
142 / 837

6.2 %
147 / 2,360

5.7 %
154 / 2,719

0.0 %
0 / 3,984

3.4 %
160 / 4,667

4.2 %
161 / 3,856

3.9 %
154 / 3,986

3.9 %
163 / 4,162

3.7 %
160 / 4,361

3.5 %
159 / 4,519

3.8 %
162 / 4,228

3.6 %
154 / 4,241

3.5 %
161 / 4,556

3.8 %
162 / 4,239

3.8 %
161 / 4,254

0.0 %
0 / 4,802

3.6 %
162 / 4,478

3.4 %
162 / 4,749

3.5 %
164 / 4,661

3.4 %
162 / 4,697

3.8 %
164 / 4,272

2.9 %
163 / 5,667

3.6 %
162 / 4,511

3.9 %
167 / 4,280

2.8 %
164 / 5,781

3.6 %
158 / 4,433

3.6 %
165 / 4,608

3.6 %
161 / 4,440

3.6 %
168 / 4,604

3.1 %
161 / 5,130

0.0 %
0 / 5,354

2.7 %
161 / 5,957

3.1 %
161 / 5,224

0.4 %
2 / 565

27.4 %
247 / 901

29.4 %
267 / 908

22.6 %
218 / 965

12.6 %
304 / 2,405

13.1 %
356 / 2,717

10.4 %
394 / 3,782

8.2 %
382 / 4,642

9.6 %
371 / 3,846

8.8 %
350 / 3,989

9.2 %
383 / 4,141

8.9 %
385 / 4,336

8.5 %
383 / 4,492

9.2 %
386 / 4,202

8.8 %
370 / 4,222

8.5 %
385 / 4,530

9.4 %
394 / 4,204

9.2 %
387 / 4,229

8.3 %
384 / 4,610

8.7 %
388 / 4,453

8.1 %
383 / 4,729

8.4 %
390 / 4,634

8.1 %
381 / 4,679

9.3 %
395 / 4,239

7.0 %
392 / 5,637

8.9 %
397 / 4,474

9.2 %
390 / 4,256

6.7 %
385 / 5,758

8.8 %
387 / 4,403

8.3 %
381 / 4,590

8.7 %
383 / 4,417

8.4 %
387 / 4,585

7.6 %
386 / 5,101

7.3 %
377 / 5,165

6.3 %
374 / 5,941

7.3 %
381 / 5,201

0.0 %
0 / 583

84.7 %
547 / 646

21.1 %
209 / 991

11.6 %
284 / 2,444

15.4 %
414 / 2,681

9.5 %
365 / 3,832

8.2 %
381 / 4,665

9.4 %
363 / 3,872

8.8 %
351 / 4,010

9.1 %
381 / 4,166

8.6 %
377 / 4,365

8.6 %
388 / 4,510

9.3 %
391 / 4,219

8.8 %
372 / 4,240

8.6 %
389 / 4,548

9.2 %
390 / 4,227

8.6 %
369 / 4,267

7.9 %
365 / 4,649

8.3 %
373 / 4,486

7.8 %
370 / 4,761

8.1 %
376 / 4,668

7.9 %
370 / 4,709

8.8 %
375 / 4,281

6.7 %
378 / 5,671

8.2 %
372 / 4,517

8.7 %
373 / 4,294

6.3 %
368 / 5,796

8.4 %
374 / 4,437

7.9 %
366 / 4,626

8.7 %
386 / 4,433

8.2 %
377 / 4,617

7.6 %
388 / 5,119

7.3 %
376 / 5,185

6.2 %
371 / 5,963

7.3 %
379 / 5,225

0.0 %
0 / 610

24.2 %
239 / 988

14.1 %
341 / 2,413

19.3 %
504 / 2,618

12.0 %
454 / 3,768

10.1 %
464 / 4,607

11.6 %
442 / 3,821

10.8 %
427 / 3,957

11.1 %
455 / 4,117

10.7 %
461 / 4,305

10.5 %
468 / 4,454

11.3 %
469 / 4,166

10.7 %
450 / 4,189

10.4 %
467 / 4,496

11.4 %
475 / 4,165

10.8 %
455 / 4,206

9.8 %
449 / 4,589

10.3 %
455 / 4,430

9.7 %
454 / 4,703

9.9 %
456 / 4,614

9.7 %
450 / 4,654

10.8 %
456 / 4,225

8.2 %
459 / 5,615

10.2 %
456 / 4,461

10.7 %
453 / 4,239

7.8 %
449 / 5,739

10.5 %
459 / 4,378

9.8 %
446 / 4,572

10.6 %
465 / 4,381

9.9 %
451 / 4,570

9.3 %
471 / 5,059

9.0 %
463 / 5,123

7.7 %
457 / 5,900

8.8 %
453 / 5,173

0.0 %
0 / 617

10.5 %
262 / 2,496

11.2 %
314 / 2,810

7.4 %
293 / 3,934

6.3 %
301 / 4,776

7.2 %
288 / 3,981

6.3 %
259 / 4,131

6.7 %
289 / 4,290

6.5 %
293 / 4,479

6.5 %
301 / 4,627

7.0 %
303 / 4,339

6.7 %
290 / 4,358

6.4 %
300 / 4,670

6.9 %
301 / 4,352

6.6 %
290 / 4,379

6.1 %
291 / 4,755

6.4 %
295 / 4,597

5.9 %
288 / 4,873

6.2 %
297 / 4,780

6.0 %
290 / 4,818

6.9 %
302 / 4,385

5.2 %
303 / 5,778

6.6 %
303 / 4,622

6.7 %
295 / 4,403

5.0 %
293 / 5,902

6.6 %
302 / 4,542

5.9 %
280 / 4,747

6.6 %
302 / 4,552

6.2 %
295 / 4,732

5.6 %
295 / 5,248

5.3 %
283 / 5,313

4.7 %
283 / 6,086

5.6 %
298 / 5,335

6.6 %
124 / 1,886

21.8 %
819 / 3,757

16.7 %
819 / 4,911

14.9 %
851 / 5,716

16.0 %
797 / 4,976

15.5 %
792 / 5,100

15.4 %
812 / 5,261

15.2 %
828 / 5,433

16.6 %
911 / 5,495

17.4 %
909 / 5,214

16.7 %
879 / 5,256

16.3 %
903 / 5,554

17.6 %
917 / 5,207

14.9 %
798 / 5,352

14.0 %
802 / 5,716

14.6 %
807 / 5,538

13.8 %
807 / 5,848

14.2 %
814 / 5,746

14.1 %
812 / 5,777

15.1 %
811 / 5,370

12.2 %
824 / 6,738

14.8 %
825 / 5,580

15.3 %
822 / 5,370

12.1 %
827 / 6,853

15.0 %
827 / 5,509

13.9 %
796 / 5,721

15.3 %
844 / 5,499

14.8 %
841 / 5,679

14.4 %
880 / 6,130

13.0 %
816 / 6,266

11.8 %
826 / 7,010

12.9 %
812 / 6,310

4.7 %
110 / 2,318

31.2 %
1,439 / 4,609

27.4 %
1,476 / 5,392

26.0 %
1,260 / 4,846

27.0 %
1,318 / 4,887

28.3 %
1,410 / 4,975

28.1 %
1,444 / 5,130

27.2 %
1,442 / 5,311

29.1 %
1,457 / 5,001

26.8 %
1,371 / 5,109

26.9 %
1,436 / 5,340

29.4 %
1,464 / 4,979

27.7 %
1,401 / 5,057

25.8 %
1,398 / 5,418

26.5 %
1,393 / 5,254

24.7 %
1,376 / 5,572

26.1 %
1,420 / 5,447

24.6 %
1,368 / 5,556

28.3 %
1,430 / 5,061

22.8 %
1,449 / 6,362

27.3 %
1,437 / 5,255

28.6 %
1,446 / 5,053

22.6 %
1,474 / 6,511

28.4 %
1,470 / 5,180

26.6 %
1,436 / 5,401

28.3 %
1,465 / 5,184

23.9 %
1,316 / 5,513

26.0 %
1,513 / 5,809

24.4 %
1,447 / 5,921

21.8 %
1,453 / 6,664

23.9 %
1,436 / 5,997

2.4 %
85 / 3,515

34.7 %
2,038 / 5,878

28.7 %
1,601 / 5,585

29.6 %
1,664 / 5,625

34.7 %
1,909 / 5,505

35.3 %
1,985 / 5,622

33.6 %
1,966 / 5,855

35.5 %
1,970 / 5,551

32.2 %
1,840 / 5,707

32.4 %
1,926 / 5,939

37.2 %
2,038 / 5,477

33.2 %
1,872 / 5,645

31.4 %
1,884 / 5,996

32.8 %
1,914 / 5,843

31.1 %
1,897 / 6,095

32.4 %
1,942 / 6,001

30.2 %
1,855 / 6,133

35.6 %
1,980 / 5,555

29.4 %
2,025 / 6,899

33.9 %
1,971 / 5,810

35.9 %
1,993 / 5,558

28.2 %
1,989 / 7,051

39.4 %
2,167 / 5,502

36.5 %
2,103 / 5,761

36.2 %
2,039 / 5,631

26.2 %
1,648 / 6,288

37.0 %
2,245 / 6,069

34.8 %
2,172 / 6,237

30.9 %
2,163 / 6,992

32.6 %
2,080 / 6,390

3.7 %
155 / 4,227

28.5 %
1,776 / 6,228

29.1 %
1,829 / 6,275

44.4 %
2,494 / 5,618

48.3 %
2,697 / 5,584

34.8 %
2,216 / 6,370

36.4 %
2,215 / 6,090

33.4 %
2,062 / 6,180

34.1 %
2,179 / 6,395

38.8 %
2,315 / 5,965

31.9 %
2,015 / 6,308

30.4 %
2,028 / 6,667

31.4 %
2,040 / 6,491

29.6 %
2,012 / 6,805

31.6 %
2,093 / 6,623

28.9 %
1,976 / 6,833

34.4 %
2,123 / 6,179

28.7 %
2,163 / 7,529

33.8 %
2,161 / 6,398

33.2 %
2,079 / 6,263

27.7 %
2,130 / 7,691

38.5 %
2,342 / 6,078

33.9 %
2,188 / 6,454

66.5 %
3,329 / 5,008

25.3 %
1,754 / 6,945

36.4 %
2,425 / 6,659

33.6 %
2,304 / 6,866

31.3 %
2,362 / 7,545

32.9 %
2,284 / 6,943

2.4 %
85 / 3,522

30.1 %
1,694 / 5,619

28.8 %
1,675 / 5,823

28.0 %
1,681 / 6,008

30.4 %
1,838 / 6,039

31.9 %
1,831 / 5,748

29.3 %
1,726 / 5,881

29.8 %
1,818 / 6,100

33.6 %
1,907 / 5,677

28.8 %
1,697 / 5,884

27.5 %
1,710 / 6,227

27.9 %
1,706 / 6,111

26.6 %
1,688 / 6,354

27.9 %
1,743 / 6,238

26.4 %
1,676 / 6,344

30.6 %
1,779 / 5,809

25.7 %
1,831 / 7,111

29.8 %
1,793 / 6,020

30.8 %
1,787 / 5,802

25.0 %
1,817 / 7,282

30.0 %
1,790 / 5,970

26.9 %
1,688 / 6,275

28.9 %
1,742 / 6,032

29.9 %
1,834 / 6,129

29.7 %
1,922 / 6,470

26.5 %
1,781 / 6,719

24.1 %
1,796 / 7,455

26.7 %
1,794 / 6,727

2.8 %
101 / 3,556

30.1 %
1,755 / 5,834

29.4 %
1,764 / 5,994

31.7 %
1,910 / 6,027

33.4 %
1,913 / 5,726

30.4 %
1,777 / 5,851

31.0 %
1,878 / 6,064

34.3 %
1,953 / 5,693

32.0 %
1,860 / 5,806

30.9 %
1,867 / 6,049

31.1 %
1,863 / 5,998

29.1 %
1,829 / 6,289

31.2 %
1,915 / 6,137

30.7 %
1,797 / 5,846

33.9 %
1,946 / 5,744

28.3 %
1,988 / 7,025

31.9 %
1,917 / 6,017

34.0 %
1,954 / 5,744

27.8 %
1,995 / 7,182

31.0 %
1,863 / 6,006

28.8 %
1,801 / 6,261

29.8 %
1,805 / 6,066

25.0 %
1,620 / 6,482

31.4 %
2,028 / 6,455

28.4 %
1,901 / 6,689

25.4 %
1,894 / 7,444

29.3 %
1,956 / 6,684

3.1 %
118 / 3,785

56.8 %
2,820 / 4,964

33.3 %
2,026 / 6,079

35.2 %
2,031 / 5,776

32.2 %
1,907 / 5,924

32.5 %
2,001 / 6,153

37.3 %
2,117 / 5,678

32.5 %
1,911 / 5,875

31.0 %
1,927 / 6,219

32.0 %
1,946 / 6,081

29.9 %
1,908 / 6,373

31.8 %
1,969 / 6,191

29.5 %
1,886 / 6,394

35.0 %
2,023 / 5,787

28.5 %
2,037 / 7,146

33.1 %
2,006 / 6,066

34.0 %
1,989 / 5,858

27.4 %
2,004 / 7,317

37.4 %
2,162 / 5,781

34.0 %
2,072 / 6,094

46.9 %
2,515 / 5,357

25.1 %
1,649 / 6,577

35.4 %
2,261 / 6,380

33.7 %
2,191 / 6,492

31.3 %
2,244 / 7,165

31.4 %
2,086 / 6,647

3.7 %
146 / 3,904

33.9 %
2,099 / 6,190

35.7 %
2,102 / 5,885

32.4 %
1,955 / 6,034

33.0 %
2,063 / 6,244

36.8 %
2,147 / 5,842

32.0 %
1,944 / 6,080

30.3 %
1,948 / 6,431

31.3 %
1,970 / 6,296

29.4 %
1,937 / 6,591

31.3 %
2,006 / 6,406

30.3 %
1,908 / 6,300

34.3 %
2,049 / 5,973

28.5 %
2,084 / 7,313

32.7 %
2,041 / 6,233

33.0 %
2,002 / 6,063

26.9 %
2,025 / 7,517

37.8 %
2,234 / 5,903

34.0 %
2,124 / 6,250

49.4 %
2,665 / 5,394

25.7 %
1,710 / 6,664

35.5 %
2,310 / 6,501

34.2 %
2,269 / 6,636

31.3 %
2,294 / 7,331

31.4 %
2,140 / 6,814

2.4 %
101 / 4,159

73.8 %
3,423 / 4,636

66.4 %
3,187 / 4,802

69.7 %
3,416 / 4,903

50.1 %
2,723 / 5,433

32.7 %
2,030 / 6,200

31.3 %
2,046 / 6,539

31.6 %
2,031 / 6,429

29.7 %
1,995 / 6,712

31.7 %
2,075 / 6,541

29.4 %
1,967 / 6,701

34.6 %
2,117 / 6,112

29.2 %
2,169 / 7,435

33.5 %
2,124 / 6,348

34.0 %
2,086 / 6,137

28.6 %
2,160 / 7,544

35.4 %
2,189 / 6,176

32.8 %
2,112 / 6,445

35.8 %
2,209 / 6,162

28.7 %
1,907 / 6,649

38.6 %
2,502 / 6,481

32.8 %
2,243 / 6,838

29.6 %
2,245 / 7,573

31.7 %
2,208 / 6,957

3.2 %
124 / 3,858

70.3 %
3,142 / 4,472

79.1 %
3,469 / 4,385

54.1 %
2,762 / 5,109

34.2 %
2,027 / 5,919

32.7 %
2,044 / 6,248

33.6 %
2,049 / 6,105

31.2 %
2,003 / 6,416

33.5 %
2,083 / 6,222

30.8 %
1,974 / 6,399

36.4 %
2,118 / 5,824

31.0 %
2,197 / 7,097

35.2 %
2,131 / 6,054

36.5 %
2,119 / 5,806

28.9 %
2,113 / 7,318

37.5 %
2,199 / 5,869

34.5 %
2,125 / 6,156

38.3 %
2,232 / 5,828

30.0 %
1,907 / 6,351

39.6 %
2,475 / 6,256

34.6 %
2,261 / 6,536

30.9 %
2,251 / 7,292

33.4 %
2,220 / 6,649

2.3 %
86 / 3,699

76.4 %
3,330 / 4,358

48.8 %
2,559 / 5,244

31.4 %
1,901 / 6,059

30.4 %
1,923 / 6,323

30.8 %
1,913 / 6,206

29.2 %
1,884 / 6,456

31.7 %
1,956 / 6,164

29.4 %
1,860 / 6,337

33.2 %
1,982 / 5,976

27.9 %
2,029 / 7,279

32.0 %
1,988 / 6,216

33.0 %
1,952 / 5,910

27.0 %
1,986 / 7,360

33.7 %
2,045 / 6,068

31.4 %
1,982 / 6,311

34.2 %
2,065 / 6,046

27.4 %
1,786 / 6,512

35.6 %
2,296 / 6,446

31.9 %
2,117 / 6,628

28.4 %
2,116 / 7,448

30.4 %
2,072 / 6,808

2.6 %
104 / 3,965

50.0 %
2,713 / 5,423

32.4 %
2,004 / 6,187

31.7 %
2,023 / 6,375

32.5 %
2,014 / 6,201

30.6 %
1,973 / 6,458

32.6 %
2,065 / 6,330

31.7 %
1,948 / 6,142

33.8 %
2,088 / 6,186

28.6 %
2,145 / 7,488

32.8 %
2,103 / 6,410

33.6 %
2,064 / 6,148

27.7 %
2,099 / 7,586

34.3 %
2,152 / 6,267

32.2 %
2,100 / 6,515

34.9 %
2,180 / 6,239

28.5 %
1,903 / 6,680

37.0 %
2,429 / 6,572

32.9 %
2,225 / 6,753

29.0 %
2,217 / 7,641

31.3 %
2,189 / 6,996

3.1 %
121 / 3,856

37.1 %
2,124 / 5,730

35.1 %
2,136 / 6,081

36.0 %
2,137 / 5,931

33.3 %
2,087 / 6,270

36.5 %
2,208 / 6,052

33.0 %
2,067 / 6,260

39.6 %
2,244 / 5,667

32.8 %
2,296 / 6,997

38.6 %
2,262 / 5,860

39.6 %
2,248 / 5,672

32.5 %
2,303 / 7,096

41.7 %
2,367 / 5,682

36.4 %
2,203 / 6,053

39.6 %
2,282 / 5,758

30.0 %
1,916 / 6,388

44.6 %
2,677 / 6,002

37.9 %
2,408 / 6,358

33.7 %
2,395 / 7,102

37.1 %
2,386 / 6,439

4.0 %
138 / 3,449

84.5 %
3,283 / 3,886

63.7 %
2,813 / 4,413

58.4 %
2,733 / 4,677

66.0 %
2,921 / 4,428

59.9 %
2,635 / 4,396

67.1 %
3,027 / 4,511

51.9 %
2,991 / 5,767

53.8 %
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Alu repeats - 1 in 21 births => 6.8 billion people/21 = 323 MILLION variants! 
L1 repeats - 1 in 180 births => 6.8 billion people/180 = 37 MILLION variants! 
SCA repeats - 1 in 916 births => 6.8 billion people/916 =  7 MILLION variants! 

  People are different!

Conclusion (part 2):

  Bacteria are incredibly diverse!
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