Proteome Comparison: A fine-grained tool for comparative
genomics

In addition to the Protein Family Sorter that allows researchers to examine up to the
protein families from up to 500 genomes at a time, PATRIC also provides a more
detailed and fine-grained way to compare genomes. The Proteome Comparison tool
is an enhancement of RAST’s ‘Sequence Based Comparison Tool’.[1] The Proteome
Comparison tool allows users to readily identify insertions and deletions in up to
nine target genomes compared with one reference genome, and examine the degree
of homology among the genes. The tool colors each gene based on protein similarity
using BLAST|[2], and each gene is marked as being unique, a unidirectional best hit
or a bidirectional best hit in comparison to the reference genome. The output also
includes a whole-genome schematic colored by BLAST similarity and available as a
Circos SVG image|[3]. The resulting data table can also be downloaded for further
analysis. The following workflow will demonstrate how to compare genomes using
this tool

1. Click on the Services tab and then click on Proteome Comparison.

104U M-l TOOLS ABOUT

A A

Genome Assembly
Genome Annotation
Diff. Expression Import
RNA-Seq Analysis
Proteome Comparison

Model Reconstruction

2. This will open up the Proteome Comparison landing page

Proteome Comparison
Protein sequence-based comparison using bi-directional BLASTP.

Parameters @
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3. In the text box below the words “REFERENCE GENOME” click on the funnel icon

This will open up a pop-up window that has two things to select (Public or My
Genomes).

Parameters @

REFERENCE GENOME

f
LY| ‘ | IGenomename.

Include in Search JMPARE (USE PLUS BUTTON TO ADD)
./ Public Genomes 0
-4 My Genomes

4. Deselect Public Genomes by clicking on the checkbox.
Parameters @

LY| H_I : Specify genome name. |

Include in Search [MFARE (USE PLUS BUTTON TO ADD)

Public Genomes
./ My Genomes

[+]

5. To see your private genomes, you will need to start typing the words you used to
identify them when you annotated the genome. Here I start with “Acineto” and it
will show me all of my private genomes that contain that text.

Parameters @

REFERENCE GENOME
Y Acineto |

8 Acinetobacter baumannii 1000160 [1310800.4]

[
| Genome name.

& Acinetobacter baumannii [470.964]

& Acinetobacter baumannii 1592897 [1310696.4]

6. Select the Acinetobacter baumannii 1592897 genome by clicking on it. Be sure
that the entire name appears in the text box for REFERENCE GENOME.

Parameters €

REFEREMNCE GENOME

'Y Acinetobacter baumannii 1592897] B

7. Now we need to add the comparison genomes. In the text box below the words
“ADD UP TO 8 GENOMES TO COMPARE” click on the funnel icon. This will open up a
pop-up window that has two things to select (Public or My Genomes).



Parameters @

REFERENCE GENOME
Y Acinetobacter baumannii 1592897
ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

LY U < Specify genome name. &

Include in Search
./ Public Genomes
./ My Genomes

8. Deselect Public Genomes by clicking on the checkbox.
ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

b | i-o

Include in Search
| |Public Genomes
./ My Genomes

9. To see your private genomes, you will need to start typing the words you used to
identify them when you annotated the genome. Here I start with “Acineto” and it
will show me all of my private genomes that contain that text.

ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

Y Acinetobacter L < The v

& Acinetobacter baumannii 1000160 [1310800.4)

@ Acinetobacter baumannii [470.964)

& Acinetobacter baumannii 1592897 [1310696.4]

10. Select the Acinetobacter baumannii 1000160 genome by clicking on it. Be sure

that the entire name appears in the text box for ADD UP TO 8 GENOMES TO
COMPARE.

ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

Y Acinetobacter baumannii 10001 80| O

11. You will need to click on the Plus Sign Icon that is at the end of the text box. This
will add the genome to the box below. This box contains all the genomes that you



want to compare to the reference genome.

Parameters @

REFERENCE GENOME
Y Acinetobacter baumannii 1592897

ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

Y Acinetobacter baumannii 1000160 o

Acinetobacter baumannii 1000160 x

12. Now let’s add some public genomes. You'll first have to click on the funnel icon,
then deselect My Genomes and select Public Genomes.

ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

Y Acinetobacter baumannii 1000160 O
Include in Search nnii 1000160 x
.+ Public Genomes
| |My Genomes

13. If you start typing the word Acinetobacter, you will see that a lot of choices pop
up.

ADD UFP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

Y Acinetobacter | <

T ACINEUDECLIET DAaUITEanin 42007 _ 0 [T3T1130.3]
Acinetobacter baumannii 42057_5 [1311137.3]
Acinetobacter baumannii 45052 5 [1311145.3]
Acinetobacter baumannii 45052_4 [1311144.3]
Acinetobacter baumannii 42057_4 [1311136.3]
Acinetobacter baumannii 45052 2 [1311142.3]
Acinetobacter baumannii 45052_1 [1311141.3]
Acinetobacter baumannii 45052 3 [1311143.3]
Acinetobacter baumannii 256569_10 [1311117.3]

More choices

14. To find a specific genome, you will probably need to type something unique to it,
perhaps the strain name. Here [ typed in “AYE” and then clicked on the line that had
“Acinetobacter baumannii AYE VEB [509173.8]".



ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

Y AYE \
Yersinia enterocolitica subsp. palearctica YE-P1 [1328363.3]
Yersinia enterocolitica subsp. palearctica YE-149 [1329365.3]
Yersinia enterocolitica subsp. palearctica YE-P4 [1329364.3]
Yersinia enterocolitica subsp. palearctica YE-150 [1329366.3]
Mycoplasma yeatsii 13926 [1188240.3]

Neisseria shayeganii 871 [1032488.3]
Metallosphaera yellowstonensis MK1 [671065.12]
Acinetobacter baumannii AYE VEB [509173.8]

15. You will need to click the Plus Sign Icon to enter that genome into the
comparison box below.

ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

Y Acinetobacter baumannii AYE (4]
Acinetobacter baumannii AYE x
Acinetobacter baumannii 1000160 x

16. Use the previous step to include the SDF genome
ADD UF TO 8 GENOMES TO COMFARE (USE PLUS BUTTON TO ADD)

Y Acinetobacter baumannii SD|
Acinetobacter baumannii 2011SDAB2 [470.583]
Acinetobacter baumannii 2011SDAB1 [470.582]
Acinetobacter baumannii 2011SDAB3 [470.584]
Acinetobacter baumannii SDF [509170.6]

17. You should see one reference genome, and in this case three comparison
genomes in the comparison genome box.
Proteome Comparison

Protein sequence-based comparison using bi-directional BLASTP.

Parameters &

REFERENCE GENOME

Y Acinetobacter baumannii 1592897

ADD UP TO 8 GENOMES TO COMPARE (USE PLUS BUTTON TO ADD)

Y Acinetobacter baumannii SDF (4]
Acinetobacter baumannii SDF X
Acinetobacter baumannii AYE x
Acinetobacter baumannii 1000160 x

18. If you had an annotation that was not part of PATRIC, you could upload it at this
time using the OPTIONAL EXTERNAL GENOME (PROTEIN FASTA FILE) function by



clicking on the folder at the end of the text box. Directions will pop up that will
show you how to upload the file. We aren’t doing that in this exercise.

OPTIONAL EXTERMNAL GENOME (PROTEIN FASTA FILE)

=

19. You will need to identify an output folder where the results will be placed.

OUTPUT FOLDER
=

i

20. At the end of the text box under OUTPUT FOLDER, click on the Folder icon
N

21. This will open a pop-up window that shows the folders in your workspace.

OUTPUT NAME

Choose or Upload a Workspace Object x [

Folder: /PATRIC_Workshop@patricbrc.orgfhome

Selection: None. [+ oA
Name Created @

1 Parent Folder

B A baumannii genome sequencing 6/11/15, 9:37 PM

B A baumannii transcriptional response to ani 6/11/15, 5:00 PM

B Annotations 6/12/15, 2:17 PM

B Assemblies 6/11/15, 11:56 PM

B Experiment Groups 5/27/15, 7:37 PM

B Experiments 5/27/15, 7:37 PM

B Feature Groups 5/27/15, 7:37 PM

B Cannma Camnarienn RIMAME 7-5A PAM

Show files with an unspecified type (oK | cancel |

22. For this exercise, we want to name a new folder. In the upper right hand corner
of the window you will see a Folder icon with a plus mark in it. Click on that.

4+ o

23. Below the folder icon, a Text icon and a text box will appear




Choose or Upload a Workspace Object

Folder: /PATRIC_Workshop@patricbrc.orgfhome
Selection: None. [+ | X

Name Created L

24. I entered the words “Proteome Comparison” in my text box. Once you name
your folder, click the OK button at the bottom of the window. The pop-up window
will disappear after you do this.
Choose or Upload a Workspace Object

Folder: /PATRIC_Workshop@patricbrc.org/home

Selection: None. [+ X
Name Created L+
B Proteome Comparison| |

1 Parent Folder

@ A baumannii genome sequencing 6/11/15, 9:37 PM
@ A baumannii transcriptional response to anl 6/11/15, 5:00 PM
@@ Annotations 6/12/15, 2.17 PM
B Assemblies 6/11/15, 11:56 PM
B Experiment Groups 5/27/15, 7:37 PM
B Experiments 5/27/15, 7:37 PM
[} Cantura Mranane EM7IAE 727 DAA

Show files with an unspecified type |R‘ |'m‘|

25. Now we need to choose that folder as your OUTPUT FOLDER for the results of
your comparison.

OUTPUT FOLDER
=

QUTPUT NAME

| W

26. Click on the folder icon at the end of the text box.
B'EL

27. This will open up a pop-up window that has all of your folders. I have a lot of
folders, and I selected the one [ named “Proteome Comparison.”




/home/
Experiments

/home/
Genome Groups

/home/
Experiment Groups

/home/
Feature Groups

/home/
A baumannii transcriptional response to antibiotic stress

fhome/.../Acinetobacter baumannii 1000160/
AMI_75_BR2

fhome/.../Acinetobacter baumannii 1000160/
CIP_25_BR2

fhome/.../Acinetobacter baumannii 1592897/
MHB_BR2

/home/
Proteome Comparison

JT

/home/A baumannii transcriptional response to antibiotic stress/
Acinetobacter baumannii 34654

fhome/.../Acinetobacter baumannii 34654/ 4
CIP_75_BR2

fhome/.../Acinetobacter baumannii 34654/
MHB_BR2

v

QOUTPUT NAME

28. Clicking on it enters the name into the text box under OUTPUT FOLDER. Now
you will need to choose what to name your comparison
QUTPUT FOLDER

‘Proteome Comparison| | "‘5

QUTPUT NAME

| '

29. In the text box under OUTPUT NAME, enter text that you will recognize as
specific to this comparison. [ used “Ab 1592897 as reference”. Then click the
Submit button.

QOUTPUT FOLDER

Proteome Comparison

v

OUTPUT NAME
Ab 1592897 as reference

| Reset | | Submit |




30. At the lower right hand corner of the page, you will see a box called Jobs with
number following it. That tells you the number of submitted, in progress, queued
and suspended jobs. Double click on the word “Jobs”.

:!Uplnads 0-0 33-3-0-11

31. That will take you to the landing page for your PATRIC jobs. The green circle
shows you that your comparison is in progress

Status Submit App Output Name Start Completed -]
@ in-progress 7/10/15, 8:03 AM GenomeComparison Ab 1592897 as reference 7H0/M5, 8:03 AM
@ completed 6/29/15, 1:57 AM RNASeq ab_34654_test 6/29/15, 1:57 AM 6/29/15, 3:34 AM

32. Once the job is complete, the circle will turn blue. Double click on that blue
circle (Note: You can also access the comparison by clicking on WORKSPACE: HOME
at the upper right hand corner of the page and finding the right folder, but this is

quicker).
Status Submit App Output Name Start Completed
® completed 7/10/15, 8:03 AM GenomeComparison Ab 1592897 as reference 7/10/15, 8:03 AM 7/10/15, 8:07 AM

33. This will open up the results of your proteome comparison job. You will see a
page that shows you the name, a list of the genomes compared, a figure that shows
you're the percent sequence identity for both the uni- and bi-directional best BLAST
hits, and a Circos diagram that shows the reference and comparison genomes.

PATRIC_Workshop / home / Proteome Comparison / Ab 1592897 as reference _‘L i
Percent protein sequence identity
Bidirectional best hit f0007999 998 995 99 98 95 90 8 70 60 50 40 30 20 10
Unidirectional best hit 100 999 998 995 99 98 95 90 80 70 60 50 40 30 20 10
List of tracks, from outside to inside:
1. Acinetobacter baumannii 1592897 (1310696.4)
2. Acinetobacter baumannii SDF (509170.6)
3. Acinetobacter baumannii AYE (509173.8)
4. Acinetobacter baumannii 1000160 (1310800.4)
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34. To further examine the results, you will need to download them. Click on the

Download icon at the upper right corner, next to the green “i".

Download Results

35. This will show you the download choices. Click on the SVG image.




3 0

Download Job Results:
SVG Image
Genome Comparison Table

36. This will open up the visualization of the comparison results in Circos. The
1592857 genome is in a lot of contigs, and that is why you are seeing the fractured
image. When you use a complete genome, the chromosome will be united into a
single, uniform image.

e S
@

37. To see the data behind the image you will need to download the table. Return to
the download icon and click on Genome Comparison Table

3 6

Download Job Results:
SVG Image
Genome Comparison Table

38. A pop-up window appears and [ am given the choice to open it with
TextWrangler, but [ want to see it in excel so I click on the arrow following
TextWrangler.



[] Opening genome_comparison. txt

You have chosen to open:

' | genome_comparison.txt

which is: Plain Text Document
from: http://p3.theseed.org

What should Firefox do with this file?

°Open with | TextWrangler
' Save File

Do this automatically for files like this from now on.

39. 1 choose Microsoft Excel.

[ ] Choose Helper Application 9
T
f a8 E 00 ol BB [ Applications < Q
Favorites Name Date Modified ~ Size Kind

@ All My Files 56 Utilities Yesterday, 11:36 AM - Folder

7, iCloud Dri v 8 Microsoft Office 2011 Jul 7, 2015, 4:55 PM - Folder
iCloud Drive o

— & Microsoft Document Connection Jul 7, 2015, 4:58 PM 5.3 MB  Application

#*: Applications Microsoft Excel Jul 7, 2015, 4:58 PM Application

m Desktop LJ Microsoft Qutlook Jul 7, 2015, 4:58 PM 48.6 MB Application

Eﬁ P Microsoft PowerPoint Jul 7, 2015, 4:58 PM 30.1 MB Application
pocme W Microsoft Word Jul 7, 2015, 4:58 PM 56.7 MB  Application

40. Now click the OK button at the bottom of the pop-up window.

[] Opening genome_comparison. txt

You have chosen to open:
_'| genome_comparison. txt

which is: Plain Text Document
from: http://p3.theseed.org

What should Firefox do with this file?

2 Open with  Microsoft Excel a
_ Save File
Do this autornatically for files like this from now on.

41. This will open up an excel file with all the results, and there are a lot of them.
Don’t be discouraged by all the numbers and columns, this is valuable information
and once you explore it you will see how useful it is.. We will go over these in class,
but you note that it begins with your reference genome , and then shows you the
comparison genomes across Row 1. The second row has the pertinent column
heading below those genomes. Click on each one of those column headings so that
you can understand the data you will see below them for each individual gene.
Using the Freeze Pane functionality in excel works very nicely here.



@ Excel File Edit View Insert Format Tooks Data Window $  Hel| = @b M1 @ @« T 100%El Frig23AM RebeccaWattam Q
ece jenome_comparison-11.bet
FESHE XCB# 00 I-5-F EE&#mE @
l\mmtuynm_rnu‘cm_s-mm‘m Dﬂalm
Y
E . [®m ~ :|camn @oay Netra Calculat
0
Pate (JOmrr B T U Hote a
A1 AN fx_Acinetobacter baumannii 1592897 -
B [4 D E [3 G H [} il K L M N o P Q R S T u X Y =
Baumannii 1592897 Acinetobacter baumanni SOF Acinetobactes baumanni AYE
| 2 |ref_gename_ref_genome ref_gename ref_genome_ ref_ genome. ref_genome_ ref_genome, ref_gename_ ref_genome. ref_genome, comy_genor comp_SENar comp_gencr Cmp_genar comp_EEnor comg_§enor Comp_genar Comp_gencr Comp,_Zenar comp_enar tomp_genor Comp,_Enor comp,_gencr comp_genor comp_genar |
3 |Bissen 1 189 fig| 1310656 A peg 1 Tramcigtor 272 + fi NCOIOMO 1777 315 fglSOBIT0GASFISS sl Transriptor 08 087 bi NCOISD 187 35 fglSEIT3AL
| 4 [131069%80 2 621 fig|1310636.4.peg 2 Pepticyl-prol 881 2746 - bi NC_010400 1776 621 fig|S09170.6 ABSDF1858 poiD Peptidyh-prol 0383 0998 bi NC_010410 1974 621 fig|S091738,
| 5 [131069%680 3 90 fig] 13106364 peg 3 DNA-binding 2878 3150 - bi NC_010400 s 90 fig|S09170.6 ABSDF1857 hupB DNA-binding 1 0389 bi NC_010410 1975 90 fig] 50817384
| 6 [131069%80 4 151 fig| 1310636 4.peg 4 polyhydronyi 330 s - bi NC_010400 17 151 fig|S09170.6 ABSDF1856 polyydrony 038 0993 bi NC_010410 1976 151 fig|S0817384
7 |1310696.4.x s 255 | 1310696 4 peg 5 bpothetil 3986 4633+ i NCOw0  1m 115 Fg|S09170.6 ABSDFL855 hypotetical 083 0985 bi NCOowsD 177 P e
8 (13106964 5 157 fig| 1310696 4 peg § onsiford 4 SKS - i NCOw0  1m 157 Fg|SOSIT0EABSDEISSA iscR wonsalorc 09 039 bi NCOWSD 1978 157 fglsee1T3a)
1310686 4.t 7 405 1] 1310636 4 peg T Opteinedes 57 B e 5 NCoioM0 1 405 Fg|SOSIT0EABSDFISS] IS Cpeinedes 035 0S8 b NCOWSD 1078 405 fgls091738
10 | uwess B 18 fg) 1310656 pegs onadford 6501 6887+ W NCOIMOO 170 D8 fglsOAUOEABSDFISS) sl howsalurcl 0882 0882 bi NCOWED 1m0 128 fglsITaA
11 |1310696.4.c0 3 106 fig| 1310696.4.0eg.9 Iron binding 6918 88 + bi NC_010400 1768 106 fig|509170.6 ABSDF1851 iscA Iron binding 0581 0991 bi NC_010410 1981 106 fig| 50917
12 |1310696.4.c0 10 172 fig| 1310696.4.peg. 10 Chaperone p B8 7842 + bi NC_010400 178 172 fig|509170.6 ABSDF 1850 hscB Chaperone p 0575 0913 bi NC_010410 1382 172 fig|509173.8,
13 |1310696.4.cc u 619 fig| 1310696.4.peg. 11 Chaperone p 7881 9740 + bi NC_010400 1787 620 fig|509170.6 ABSDF 1845 hscA Chaperone p 051 0998 bi NC_010410 1983 €19 fig|50917
14 |1310696.4.0t 12 112 fig| 1310696.4.0eg.12 Ferredowin, 9758 10097 + b NC_010400 1766 112 ig|509170.6 ABSDF 1848 fulx Ferredain, ¢ 0.991 0.991 bi NC_010410 1984 112 fig|509173.8
15 |1310696.4.0t 13 489 fig| 1310696.4.0eg.13 Adenylate cy 10148 11615 - b NC_010400 1765 328 fig|509170.6.peg.1765 Adenytate oy 1 0.997 bi NC_010410 1985 489 figs0817
16 |1310696.4.0t 14 144 fig|1310656.4.0e¢ 14 Diadenosine 11668 12102 - bi NC_010400 1762 144 fig|509170.6 ABSDF 1844 Diadencsine 1 0993 bi NC_010410 1386 144 fig|509173.84
| 17 |1310695.4.cc 15 1153 figl 131069%.4.0eg.15 Transcriptior 12304 15765 - bi NC_010400 1761 1153 fig|509170.6 ABSDF1843 mfd Transcriptior 0,975 0.999 bi NC_010410 1987 1153 figl509173.84
| 18 |1310695.4.cc 16 118 fig|1310696.4.0e¢. 16 FIGD03S021: 158 16256 - bi NC_010410 1988 118 fig|509173.84
| 19 |1310695.4.cc pr) 313 fig|131069%.4.peg.17 16337 17278 - bi NC_010400 1759 180 fig|509170.6.peg. 1759 Predicted dy 0.961 0.994 bi NC_010410 1985 310 fig|509173.84
| 20 [1310696.4.0 18 62 fig| 1310696.4.peg 18 17415 17603 - uni NC_010400 1756 180 ig|S09170.6.peg. 1756 expressed pr 0833 0339 wni NC_010410 1990 259 fig|S0917384
| 21 131069800 13 173 fig| 1310636 4.peg 19 176712 18193 - bi NC_010400 1756 180 ig|S09170.6.peg. 1756 expressed pr 0885 0478 bi NC_010410 1980 259 fig|S0917384
| 22 |1310696.4.cc 20 168 fig| 1310656.4.peg 20 18218 18724 - bi NC_010400 1752 168 fig|509170.6 ABSDF1835 rraA Ribonudiease 0.988 0994 bi NC_010410 1951 168 fig|509173.84
| 23 |1310696.4.cc 2 M fig]13106%6.4.peg. 21 18736 15401 - bi NC_010400 1751 221 fig|509170.6 ABSDF1834 Oxidoreduct: 0959 0995 bi NC_010410 1352 1 fig|508173.84
22 110654 2 85 fig| 1310656 4.peg 22 19614 19880 ¢ i NCOIMO 1750 88 Fg|SOTT0SABSDFIENS fpsT  SSUribosom 1 oss NCOWSD 1933 88 fg/S0S1738)
| 25 |1310696.4.cc pi) 244 fig| 1310556.4.peg 23 19537 20671 - bi NC_010400 1743 244 fig|509170.6 ABSDF1832 FIG0096862E 0971 099 bi NC_010410 1354 244 fig|508173 84
| 26 [1310696.4.cc u 285 fig|1310696.4.peg 24 018 21586 - bi NC_010400 1748 285 fig|S09170.6 ABSDF1831 oys 3|75 bispl 0965 0996 bi NC_010410 1885 285 fig|S081738)
27 |06 5 122 1) 1310656 4.peg 25 nie  met e ] NCOIOM0 17 122 Fg|SOS170.6 ABSDF 1830 AGIOISC 03 0S: b NCOWOSD 1086 m fglsmena
| 28 |1310696. 4.0 % 244 fig| 13106964 peg 26 218 8052 - bi NC_010400 1746 219 fig|509170.6 ABSDF 1828 FAIG0035109% 0981 0995 bi NC_010410 1587 19 fig|508173.8,
| 29 |13106964.c0 n 576 fig| 1310636.4.peg.27 13085 24815 - bi NC_010400 1785 576 fig|509170.6 ABSDF1828 Dipegtide trz 0564 0998 bi NC_010410 1998 576 fig|509173.8,
| 30 |13106964.c0 n 380 fig| 1310696.4.0eg.28 4828 25570 - bi NC_010400 1784 355 fig|509170.6 ABSDF1827 Oligopeptide 05712 0.997 bi NC_010410 1993 380 fig|50817
| 31 |1310696.4.0 B 312 fig| 1310696.4.0eg.29 B9 26516 - bi NC_010400 1743 312 fig|509170.6 ABSDF1826 Dipegtide tr: 0565 0.997 bi NC_010410 2000 312 fig|50917
| 32 |1310695.4.00 £ 670 fig| 1310696.4.0e¢.30 Thimet oligo 26829 2841 - b NC_010400 172 670 fig|509170.6 ABSDF 1825 Thimet cligo 0576 0.999 bi NC_010410 2001 E70 fig|50917:
| 33 |1310695.4.00 31 606 fig| 1310696.4.0eg.31 Dipeptide-0il 28963 30783 - b NC_010400 1 606 fig|S09170.6 ABSDF 1824 Dipeptide-bi 0.914 0.998 bi NC_010410 2002 606 fig|50917:
| 34 |1310696.4.0x 2 610 fig| 1310696.4.00¢.32 Dipeptide-bil 30802 32634 - bi NC_010400 1790 534 fig|509170.6 ABSDF 1823 Dipeptide-bi 0529 0.998 bi NC_010410 2003 554 fig|509173.84
| 35 |1310696.4.0t 33 47 fig| 1310696.4.pe¢.33 yoothetical 33132 33275 +
| 36 |1310695.4.cc 34 850 fig|1310696.4.0e¢.34 TonB-depen: 33363 36041 + bi NC_010400 1739 871 fig|509170.6 ABSDF 1822 Tong-depent 0.761 0.999 bi NC_010410 2004 871 fig|509173.84
| 37 |1310695.4.cc 35 238 fig|1310696.4.0e¢.35 Ferric sidero| 36152 36868 + bi NC_010400 1738 230 fig|509170.6 ABSDF1821 Ferric sideroj 0933 0.99 bi NC_010410 2005 238 fig|509173.84
| 38 1310696400 36 252 fig| 1310695.4.0eg.36 MotA(Taiy| 36912 30 + bi NC_010400 1737 292 ig|S09170.6 ABSDF1820 MotA/Tala/l 0952 0.997 8 NC_010410 2006 253 fig|S917384
39 | 1065 3 140 ig| 1310656 4.0 37 Bopalymert 3786 38228 + i NCOIOMO 173 160 fg|SOS170. ABSDFI815 Scpoimert 038 0393 bi NCOISD 2007 140 fg/S0S1738)
40 |16 ] 137 fig| 1310656 4.peg 38 Bopaymert 38243 38661 + i NCOIOMO 1735 137 6g|SOS170.5 ABSDF1818 Scpoimert 0378 0393 b NCOISID 2008 137 fglseS1T3A)
| 41 |1310696.4.cc 33 47 fig|1310696.4.peg. 39 FIGDE3S0852 38117 38860 -
| 42 |1310696.4.cc & 21 fig| 13106564 peg 40 Malate syntt 38564 41129 - bi NC_010400 1734 T21 fig|509170.6 ABSDF1817 gicB Malate synth 0% 0999 bi NC_010410 2009 T2 fig|508173.84
| 43 |1310696.4.cc a1 380 fig| 1310696.4.peg 41 ATPase, AFG 41500 42642 - bi NC_010400 1676 380 fig|509170.6 ABSDF1746 ATPase, AFG. 0.584 0997 bi NC_010410 2m0 380 fig|509173.84
1330635 40 g 238 51310656 000 42 Taoscigtor 46 a3as b NCOISO 175 339 6509170 EABSDE DA Iasciotor 058 0987 bi NCOWSD  om 339 GelspaTag)
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