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Shewanella oneidensis is Useful for Bioremediation

S. oneidensis might prove useful for direct bioremediation of both metal and
organic pollutants under anaerobic conditions.

S. oneidensis can reduce the levels of oxidized metals.
S. oneidensis is infrequently a human pathogen.

Shewanella oneidensis is an important model organism for bioremediation
studies because of its diverse respiratory capabilities, conferred in part by
multicomponent, branched electron transport systems.
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Shewanella oneidensis MR-1 GDB Schema Figure
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The Expected Number of IDs Were Found

Source Number of OrderedLocusNames IDs
by XMLPipeDB match in UniProt XML File 4207
by TallyEngine in the UniProt XML File 4196
by TallyEngine in PostgreSQL database 4196
total OrderedLocusNames in the gdb 8392
Coding Genes in the MOD 4196




Tally Engine Results Show That The Counts Match

|'£.-.| Tally Results

e

XML Path XML Count Database Table Database Count
LniProt 4071 |UniProt 4071
Refseq 8251 Ref3eq 8251
GenelD 4213|GenelD 4213
COrdered Locus 4196|0rdered Locus 4196
GO Terms 43854|/G0 Terms 43954
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Match Command & PGAdmin Il Query

Match command:

java -jar xmlpipedb-match-1.1.1.jar “SO _A?[0-9][0-9][0-9][0-9]” <
SOneidensisUNIPROT

PGAdmin III query:

select count(*) from genenametype where type = 'ordered locus' and
value ~ 'SO A?[0-9][0-9][0©-9][0-9]"';
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ID’s That Weren't Exported Are Unnecessary

SO_3699
SO_1312
SO_4269
SO_2875
SO_4532
SO_4580
SO_2662
SO_4423
SO_3156
SO_2967
SO_2024

There were 11 OrderedLocusNames IDs
that were nominally (no gene tag) not in the
XML source.

These 11 OrderedLocusNames IDs were
not imported into Postgres because they are
all only part of "protein-protein interaction”
databases and can be safely left out.

There were no OrderedLocusNames IDs in
PostgreSQL that were not exported to the
GenMAPP Gene Database.
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The Code Was Changed to Handle ID’s Without
Underscores

String newId = nullj;
for (int 1 = @; i < substrings.length; i++) {

newld = "S0" 4+ substrings[i].substring(3,substrings[i].length());

- For every OrderedLocusNames Entry, the entry is duplicated and the
underscore is removed.

- This results in the total OrderedLocusNames in the gdb to be twice the
number of OrderedLocusNames found elswhere.
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DNA Microarray Paper Experimental Design

e

Ferrous sulfate solution

Anaerobic condition



DNA Microarray Paper Iron Depletion in the
Anaerobic State

5ml LB

LB
Medium,
10mM

medium,
10mM
lactate,
10mM Fe(lll)
dioxide

fumarate,
10mM
lactate

5 x 107 cell aliquots

Ferrous sulfate :
-~ Final data
© for analysis



DNA Microarray Paper Showed Variations in
Depletion vs Repletion Responses

- Three major modules
Iron acquisition, anaerobic energy metabolism, and protein degradation




DNA Microarray Paper Analysis of Significant
Results

Anaerobic energy metabolism model
Lack of oxidative stress
Rapid iron uptake

Therefore, our question is: how can we use these explanations to interpret the
microarray data using programs such as GenMAPP and MAPPFinder?



Overview

Background of Shewanella oneidensis
Results of Gene Database creation

Gene Database Schema Figure

Summary of how many OrderedLocusNames were found
Match command and PGAdmin Il Query

Quantity and identity of gene IDs that weren’t exported
Code was changed to handle ID’s without underscores

DNA Microarray paper
Sanity check showed that F60 and C60 had most relevant results
Results of DNA microarray analysis

I[ron acquisition, anaerobic energy metabolism, protein degradation

Non-redundant GO terms
MAPPFinder Results of Increased and Decreased Criterion
GenMAPP MAPP Relevant to Results



Comparison
C5 and CO
C20 and CO
C60 and CO
F5 and C&0
F20 and C&0

Most Relevant Results

F60 and C60 had the most genes that were significantly changed.

How many genes
have a pvalue<0.05
[with percentage)
344 genes, 6.36%
868 genes, 16.05%
1017 genes, 18.81%
969 genes, 17.95%
1838 genes, 33.99%

How many genes have
a pvalue<0.01 {with
percentage)

94 genes, 1.74%

342 genes, 6.32%

471 genes, 8.71%

315 genes, 5.82%

B892 genes, 16.49%

How many genes  How many genes
have a have a pvalue
pvalue<0.001 (with <0.0001 {with
percentage) percentage)

18 genes, 0.33% 5 genes, 0.09%
79 genes, 1.46% 14 genes, 0.26%
163 genes, 3.01% 53 genes, 0.98%
40 genes, 0.74% 7 genes, 0.13%
239 genes, 4.42% 54 genes, 1.00%

How many genes
are p<0.05 for the
Bonferroni-
corrected p value
(with percentage)
2 genes, 0.04%
1gene, 0.01%

13 genes, 0.24%
1 gene, 0.01%

10 genes, 0.18%

How many genes are
p<0.05 for the
Benjamini and

Genes with an

Hochberg corrected p average log fold

value (with
percentage)

2 genes, 0.037%
34 genes, 0.63%
229 genes, 4.23%
4 genes, 0.07%
707 genes, 13.07%

change greater than
zero

180 genes, 3.33%
452 genes, 8.36%
487 genes, 5.01%
479 genes, 8.86%
826 genes, 15.27%

Genes with average
log fold change less
than zero

164 genes, 3.03%
416 genes

530 genes, 5.80%
490 genes, 5.06%
1012 genes, 18.71%

Genes with average
log fald change of
»0.25 and p<0.05
(with percentage)
161 genes, 2.98%
437 genes, 7.69%
475 genes, B.78%
441 genes, 8.15%
788 genes, 14.57%

Sanity Check Showed That F60 and C60 Had The

Genes with average
log fold change <-
0.25 and p<0.05 [with
percentage)

149 genes, 2.76%
405 genes, 7.49%

513 genes, 5.49%
431 genes, 7.97%
963 genes, 17.81%

[ F60 and c60

2070 genes, 38.28%

1140 genes, 21.08%

387 genes, 7.16% 120 genes, 2.22%

33 genes, 0.61%

1193 genes, 22.06%

B70 genes, 16.09%

1200 genes, 22.15%

828 genes, 15.31%

1146 genes, 21.15% |
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Results of DNA Microanalysis - Iron acquisition
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Results of DNA Microanalysis - Iron acquisition

Increased in acquisition - Decreased in iron acquisition
(5.61) (0.14)

SO1111: bacterioferritin - S01784: ferrous iron

subunit transport protein

Cellular iron ion homeostasis - Iron ion homeostasis

Iron ion transport - Transport
Oxidation-reduction process - Ferrous iron transport
Cellular component — cell - Ferrous iron transmembrane
Metal ion binding transport

Ferric iron binding - Ferrous iron transmembrane

transporter activity



Results of DNA Microanalysis - Anaerobic energy
metabolism
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Results of DNA Microanalysis - Anaerobic energy

metabolism - Not a part of the pathway for

- Increased during anaerobic repletion in paper (was found
energy metabolism (2.57) to be in depletion)
- S00261: heme exporter protein - S00262: heme exporter
protein
- Heme transport - Cytochrome complex assembly
- Heme binding - Establishment of localization —
- Heme transporter activity transport

- Membrane

- Integral component of membrane
- Plasma membrane

- Heme transport activity



Results of DNA Microanalysis - Protein degradation

* Gene Cmtelogy 00 0%, 00 0% NESTED 62603887 16 1%, AEET 304E F8 2% 3 seare = 0 permute p = | adjuvtad p= 1
B Bdolegical process ITRITE] LE5%, 17611767 $5.7% NESTED S1Z7376T 16 W%, ITEZ 2184 1720 = acore = L.516 permuts p = 0145 adjusted p = 1
bekavior 00 0%, 30 0% NESTED L1 Dy, 1] 1009 = seore = 2.282 permutes p = 0L1ED sdjued p = |

&

5] biological sdbexica 00 0%, 00 0% NESTED 0°F 0%, 39 100% z score = -1.316 permate p = 037 adjusted p = 1
= boleglen] regulation 90 0%, 00 &% NESTED BE43E 19.8%, 438228 190.3% 2 score = 2.068 permsute p = 0028 sdjmsted p= 1
= cellular componeni orgasization or biogensciz 00 %%, 00 0% NESTED 37202 18.3%, 2018 2525% ¢ score = 0ETE permute p = 1423 adjuvted p= 1 S 020 1 6
= eallular procass 000 0%, 00 0% NESTED 2721787 15, 7%, 1TAT24 T2A7.6% £ seors = 068 permute p = 0502 sdjuited p= 1
= cell wall srganization or bisgenesis 000 0%, 30 ¥ NESTED 320 103%, 232F 116% z pcore = -0L.E4T permute p = 2441 adjusied p= 1
5] eellolar companent organksation 0 0%, 00 0% NTSTED 247161 14.9%, 1618 2012.5% £ score = 0422 permute p = LTM adjusied p = 1
* eellular deioxificntion 000 0%, 30 0% NESTED 02 0%, 22 100% = seore = 062 permune p = | sdjusced p= 1
= callular matabolic process 5 0%, 55 100% NESTED 19703014 15%, 1314724 S475% = score = -1 M5 permute p = (L1586 adjusied p = 1
+ eellular responss to stlmulus 000 &, 00 0% NESTED 48208 25 8%, 200088 10E9% 2 seore = LOOE permate g = 0,002 sdfuvied p =1
eybelyeis 07 0%, 22 100% XESTED 072 0%, 22 100% z score = -0.61 permute p = | adjested p= 1
+ multi-orpanism callalar proeess 00 0%, 0°0 0% NESTED 00 0%, /1 800% £ score = - 1074 parmute p = 0.598 sdjusted p= 1
megative regulation of cellular process 00 0%, 00 0% NESTED 1716 6.2%, 1673 §00% 1 score = F permuie p= 0323 sdjusted p= |
3] poadiire r-.uhlh:vn of eallalar process 00 0%, 00 0% NESTED LD 100%, 10 1084 & dcera = permate p & 014 adjusted p= 1
protain folding  B7H 31 1%, 30728 1004 NTSTED LR 34 5%, 5028 180.0% £ srore = 2702 srx g v B4 wjaisied p= 1
profeio uefclding 171 100%, 1) 100% NESTED 10 100%, 171 100% = score = 2.282 permuie p = L1ST adjusted p = 1
T regulation of cellular process 000 0%, 00 0% NISTED 76204 18.8%, 4042328 170.6% = seore = LEED permiute po= 0113 sdjusted p = 1
@ single-organism collslar process 00 0%, 00 0% NESTED IT41125 15.5%, 102522 S110.6% 3 score = -0.69] permute p = 0.516 adjusted p = 1
m Casa Ondslogy 00 M8, 00 0% NESTED $263887 16.3%, AES7004E 98.5% 2 score & 3 pormmis p s | sdjusted ps 1
= blaleglea]_process  2TRATEL 1EEW, IT61 17T #5078 NESTID SR20762 16.3%, 37822084 1720 v sevre = LELS parmute p = 0148 adjusied g = 1
= balaviar 000 %%, 50 #% NTSTED 10 1ods, 1) 100% 2 wors = 2252 parmsis pow 0082 sdjunisd p= 1 800052
= biological sdbasion 30 0%, B0 & NESTED 0% 0%, 39 100% z score = -1.316 parmyerie g = 03T sdjusied p = 1
= bialegical rapalition 00 0%, 30 0% SESTED 35435 1REW, 43ET0F 1500 £ seere = 2068 permute p = 002K sdjusted ps 1
= aullular ponent orpasizarion o hlog ke 00 0%, 60 0% NISTED 27203 18.0%, 2028 2E2E%N o seare = 05T permuie p = 042) pdjusied p= |
= cellubar component biogemeals &0 ¥, 60 0% NESTED 23050 1T, 1508 LE78% z score = BLET permmie p = R4l adjusisd p = 1
= callular comgonent orpanization 00 0%, 00 0% XESTID 34161 14.5%, 1618 2002.5% = scsre = 3,423 prrmuts p = 070 sdjusted p= 1
e ealll projeevien srpanization 0% 0%, 00 0% NESTED 841 19.8%, 418 £12.6% 7 peore = 0LE9T permnte p = 0072 sdjunied p= |
= cellulor componsnt asssmbly 00 0%, 50 M NTSTED 1438 1295, BER 1 100% x wors = 081 permute p= ] sdjunisd p= ]
= call projection saembly 00 M 00 0% NESTED 253 245%, J0E 410.8% = acvre = LITY permute p = 025 adjunied p= 1
= 3] ekl sepiuns assembly 00 %, 00 0% NISTID 114 7.0%, 141} 197, 7% & seere = D914 parmiwie g = 0,450 sdjusted p = 1
B marremelerel gl L iﬁﬂhﬂ‘ﬂﬂ NEFTED 133 40, 2032 L1EM 2 ware = -1 B8 permuce p = (LLED sdjuated p= |
[CH Huk Lecul ly 0D 0%, 30 Ma  STSTED 0418 0%, 1871 18004 x soore = -1.B6) parmuie p = (L] adjovied p= 1
=] predein complen aivembly |J 1 0%, 171 100 NESTED 117 9%, 1772 BE%% £ deers = -1. 149 permiude p = 0156 sdjusted p o 1
ES Hulsr preqein compd "'... dﬂﬂﬂifﬁl I“i'ISl'I'.Ilﬁ‘.I."'I'.l"m.I.-'I lM|mH'-1Lmllr|-ﬂ_ﬂtﬂlqu-l
= J L

ﬂﬂﬂw mmwlm mlﬂl“lﬂ]“lm ..ﬂ'mjimﬂjﬂ.ﬂjll
protsin irimerizstion 00 0%, 1] 108 NTSTED O] 0%, 171 D00 & seers = <0LANE parmnte p = | sdjusved g= 1
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Results of DNA Microanalysis - Protein degradation
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Non-redundant GO Terms

Gene Ontology Results

purine nvcleotide binding NESTED 87/347 25.1%, 347/309 112.3% = score = 4. 761 permute p = [ adjusted p = 0,025

fatty acid catabolic process | NESTED 710 70%, 10/7 142.9% = score = 4,642 permute p = 0 adjustad p = 0.038

nonribosomal tide bioswnthetic process| NESTED 4/4 100%, 4/2 200% z score = 4 367 permute p = 0 adjusted p=0.103
monocarboxylic acid catabolic process NESTED 7/12 538.3%, 12/1 12000%: = score = 3.983 permutz p = (0 adjusted p = 0,226

small molecule binding NESTED 109/495 22%, 495/361 137.1% = score = 3.832 permute p = 0 adjusted p = 0.664

phosphorelay signal transdvction system  NESTED 32/116 27.6%, 116/117 99.1% z score = 3415 permute p = 0 adjusted p=0.767
intracellular signal transduction WESTED 327118 27 1%, 118/119 99 2% =z score = 3 305 permute p = (0 adjusted p = 0.834

receptor sipnaling protein activity NESTED 18/57 31.6%, 37/50 114% z score = 3.201 permute p = 0 adjustedp=1

cell communication NESTED 40/1635 24 2%, 163/133 107.8% z score = 2.906 permute p = 0 adjusted p=1

intracellular organells NWESTED 5/115 4.3%, 115/53 198.3% = score = -3 432 permute p = { adjusted p = 0.738

intracellular non-membrans-bovndad organelle WESTED 3/110 2. 7%, 110v/38 189.7% z score = -3.872 permute p = () adjusted p = 0 662
purine ribonuelectide binding WESTED 36/346 24 9%, 346/300 112% = score = 4 630 permute p = 0.001 adjusted p = 0.030
short-chain fatty acid metabolic process| NESTED 4/4 100%, 4/3 133.3% z scorz = 4.367 permute p = 0.001 adjusted p = 0.103
propionate metabolic process NESTED 4/4 100%, 43 133.3% z score = 4.567 permute p = 0.001 adjusted p=0.103

adeny] nuclectide binding WESTED 78310 25.2%, 310:309 100.3% = score = 4.521 permute p = 0.001 adjusted p = 0.115

purine ribonueleoside binding WESTED 34/342 24 6%, 3420300 110.7% z score = 4 454 parmute p = 0.001 adjusted p = 0.143

purine ribonuelacside triphosphate binding NESTED 34/342 24 6%, 3420300 110.7% = score = 4 454 permute p = 0.001 adjustad p = 0.143
purine nucleoside binding NESTED 34/342 24 6%, 342/309 110.7% = score = 4 454 permute p = 0.001 adjusted p = 0.143

nucleoside binding NESTED 34/343 24 5%, 343/309 111% = score = 4 424 permute p = 0,001 adjusted p = 0.143

ribonucleoside binding WESTED 84/343 2 343/310 110.6% z score = 4.424 permute p = 0.001 adjusted p = 0.143

Clicking on a specific term will locate that term in the hierarchy.

Tozort, filter, or print thiz list, you can open the et files in a spreadsheet program such as Microzoft Excel. The files "yourfilename-GO tet"' and
"wourfilenarme-Local k' are tab-delimited filez containing all of the data vou zee here.

el
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MAPP Finder Results of Increased Criterion

Number Changed PercentChanged ZScore PermuteP

5840ribosome 21 36.2069 4.8 0
30529 ribonucleoprotein complex 21 35.59322 4.706 0
3735 structural constituent of ribosome 19 35.18518 4.413 0
5198 structural molecule activity 20 30.76923 3.823 0
9156 ribonucleoside monophosphate biosynthetic process 13 3333333 3.411 0.001
190260 |
0 hydrogen ion transmembrane transport 9 7.5 3255 0.002
30151 molybdenum ion binding 7 46.66667 3.586 0.003
9124 nucleoside monophosphate biosynthetic process 14 32.55314 3.438 0.003
16836 hydro-lyase activity 11 32.35294 3.019 0.003
44205 de novo’ UMP biosynthetic process 4 66.66666 3.666 0.004
9311 oligosaccharide metabolic process 6 46.15385 3.285 0.004
15078 hydrogen ion transmembrane transporter activity 2 36 3.108 0.004
6818 hydrogen transport 9 34.61538 2.968 0.004
15992 proton transport 9 34.61538 2.968 0.004
19843 rRNA binding 12 30.76923 2.951 0.004
15412 molybdate transmembrane-transporting ATPase activity 4 57.14286 3.24 0.008
190127
1lipooligosaccharide biosynthetic process 5 50 3.228 0.009
9247 glycolipid biosynthetic process 5 50 3.228 0.009

46467 membrane lipid biosynthetic process 5 50 3.228 0.009




MAPPFinder Results for Decreased Criterion

9062 fatty acid catabolic process 7 70 4.642 0
19184 nonribosomal peptide biosynthetic process 4 100 4.567 0
72329 monocarboxylic acid catabolic process 7 58.33333 3.985 0
46459 short-chain fatty acid metabolic process 4 100 4.567 0.001
19541 propionate metabolic process 4 100 4.567 0.001
44242 cellular lipid catabolic process 7 63.63636 4.294 0.001
16042 lipid catabolic process 7 63.63636 4.294 0.001
30163 protein catabolic process 6 66.66666 4.131 0.001
15891 siderophore transport 6 66.66666 4.131 0.001
15688iron chelate transport 6 66.66666 4.131 0.001

4176 ATP-dependent peptidase activity 4 66.66666 3.372 0.008

5315inorganic phosphate transmembrane transporter activity 4 57.14286 2.956 0.008

190167
7 phosphate transmembrane transporter activity 4 57.14286 2.956 0.008
51082 unfolded protein binding 6 50 3.199 0.01
34440lipid oxidation 4 57.14286 2.956 0.011

6635 fatty acid beta-oxidation 4 57.14286 2.956 0.011
19395 fatty acid oxidation 4 57.14286 2.956 0.011

9401 phosphoenolpyruvate-dependent sugar phosphotransferase system 4 57.14286 2.956 0.014

3684 damaged DNA binding 4 57.14286 2.956 0.02
46915 transition metal ion transmembrane transporter activity 4 50 2.611 0.022
16226iron-sulfur cluster assembly 4 50 2.611 0.026

3774 motor activity 4 50 2.611 0.026
31163 metallo-sulfur cluster assembly 4 50 2.611 0.026
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GenMAPP MAPP Relevant to Results - Ribosome

Ribosomal Proteins
Gene Database
So-5td_20151201special.gdb

Expression Dataset 0 023005128 -u_zgsz 50 _0252|0.0388 -MBUB -u.uu gl

Name: CompiledRawData_ForGenMAPP_20151210_HMH

czr;fh:n;?&suw Choncen = 3 0.3324 SO 0241 )02z 50_0253]0.7ae 50_02260.1959 SO_1207 |0.1988 SO_4246 |0.7042
i SO_0242 02243 50 0234|1052 -1'EI311 -O'EBEZ A} B3 o711

Gene Value: FE0-CE0: AveragelLogRatio_F&0-CED
SO 0233 |1.0171

Heawvy Metal HaterZ 4 Lyfe
Legend: F60-C60
.Increase Log Change
.Decrease Log Change
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[Cniot found
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0.766T
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-0.4333
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-1.1824
1.053]'
[Sozm0] 02+

SO_3927 (o0.8738

SO_1357 |0.7616
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GenMAPP MAPP Relevant to Results - Fatty Acid
Degradation

\Gene Database Fatty Acid Degradation
So-5td_20151201special.gdb

Lxpression Dataset

MName: CompiledRawData_ForGenMAPP_20151210_HMH 0.433
{Color Set: F&0-CE0 ST

Gene Value: F60-CE0: AverageLogRatio_F60-C0

Heavy Metal HaterZ 4 Lyfe

Legend: F60-C60
increase Log Change
Decrease Log Change
Mo criteria met

-0.519 ! .
[not found -+ * ¢ + N
[50_0021] ¥ ' -
B - - 0.567 B -~ [ R [ B - - [ B
: -* 4 ! \ Y
\ \ \ \- 0.458 - e \ [SO_1677]0.0228  [SO_1677]0.0228

Citrite Cycle

Fatty Acid Chains -MEr
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