Editing Pathway/Genome Databases Il

By Ron Caspi

ron.caspi@stri.com

Database Collection

A copy of this presentation could be found at _ _
http://bioinformatics.ai.sri.com/ptools/tutorial/sessions/curation

A lot more information is available in the Curator’s Guide, at
https://bioinformatics.ai.sri.com/ptools/curatorsquide.pdf
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https://bioinformatics.ai.sri.com/ptools/curatorsguide.pdf

Summary of last tutorial

What we discussed:
Starting the software from the Lisp window
Switching between the main window and Lisp window, breaks
Data structure: frames, classes and instances
Some menu commands
Author credit system, creating curator and organization frames
The compound, reaction, protein, and pathway editors
Avoiding duplication
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Summary of this tutorial

What we will discuss today:
Gene editor
Creating protein complexes
Writing summaries, using citations, internal hyperlinks
Editing transcription units
Curating regulatory interactions
PGDB refinement operations
Propagating MetaCyc updates
The Consistency Checker

Once again, we will be using the PGDB for Arthrospira platensis
NIES-39 for practicing
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The Gene and Isoform/Coding-Segment Editors

- Enter synonyms/accession numbers

- Enter Links to other databases
- Define transcription direction

- Modify start/end positions

- Define introns

- Create new isoforms

- Define frame shifts

B |soform/Ceding-Segment Editor

Isoferm Gene Product: ﬂ

Base numbers are: | RE arzenate reductase
Create New Isoform

If zpecifying muttiple coding segments, please provide the appropriate interpretati
— RNA =plicing: The RNA transcript is spliced to remove introns.
— Protein splicing: The immature pro-peptide is spliced to remove inteins.
— Ribogomal glippage: The ribosome slips during translation to generate a progn:
'r'ou do not need to supply an interpretation here if you are merely using this form

Interpretation: | Mot specified ﬂ

Exonsdntrons:

3

A3 Hasory Hate

- s s e e e " -

124470272 134473203 124475572

134477024

134420274 134422625
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Adding a gene and its encoded protein

Sometimes there is a need to add a gene that is not present in the annotated
genome. For the sake of demonstration, we will delete NIES39 RS03695 and
its product, and then recreate them.

Gene — New gene
Change classification from “unclassified” to “ORF” (if appropriate)
Enter gene name (pptX)

Enter transcription Direction and coordinates (forward; start 779,299; end
779,499

Enter link to NCBI RefSeq: NIES39 A08000

Protein — New

Macromolecule type — polypeptide

Gene — pptX

Name — putative serine/threonine phosphatase
Enter link to RefSeq: BAI88638.1
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PROTEIN COMPLEXES
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Creating Protein Complexes

nght-Clle ona prOtein and select Choose operation for £G10823-MONOMER

Protein Editor A
|Prc|tein Subunit Structure Editurl
Edit — Protein Subunit Structure Editor A Reactents)
Frame Editor
Synonym Editor
“M I I T ” f Relationships Editor
Change “Macromolecule Type” from
Marvin JS Compound Structure Editor
. - Deprecated Marvin (Java Applet) Compound Structure Editor
pOIypeptlde to proteln Complex Import Compound Structure from Melfile...
Import Compound Structure from ChEBI...
Export Compound Structure to Molfile...
Merge Frames...
. Merge Proteins...
- Propagate Enzyme to DB...
Example: a simple homohexamer
Add Object to File Export List

5 Create Frame

Protein: serine acetyltransferase

Macromolecule Type: | protein complex v | Number of distinct subunits: |1 DEIEt& Frﬂm& [¥]
£ >

'e.g. A homotetramer counts as 1 gene product, not 4 — the number supplied here

should match the number of subunits supplied below

Fora co es, check the "Complex?” box below for each subunit
hat is a cr 3 er the number of distinct subunits and the components
for each. The coefficient can be omitted if it is not known. The Status

column below tells if a protein already exists or wil be created

enes or Subunits;

Subunit Complex? ~ Gene or#Subunts  Coefficient Status.

serine acetyltransferase o Gene: | cysE 3 Already exists (edit name

to create a new object)

0K | Cancel
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Example: defining ATP synthase

Search for ATP synthase subunits: Protein — Search by Substring

— ATP synthase

We find 10 subunits arranged into two redundant complexes. Most

genes do not have names.

-

" Choose Protein(s)

ATP synthase FO subunit C
ATP synthase subunit |

FOF1 ATP synthase

FOF1 ATP synthase

FOF1 ATP synthase subunit A

FOF1 ATP synthase subunit alpha
FOF1 ATP synthase subunit B
FOF1 ATP synthase subunit B°
FOF1 ATP synthase subunit beta
FOF1 ATP synthase subunit delta

FOF1 ATP synthase subunit epsilon
nthase subunit gamma
molybdopterin-synthase adenylyltransferase MoeB

4 m

Select Al

Deselect All

3

(Gene-Reaction SchematicH

|?.' 2.2 : Transport: H+

NIES33_RS02810
NIES33_RS0281%
NIES33_RS02820

NIES33_RS03830
NIES33_RS03835

Cancel

Use these values

Gene-Reaction SchematicEl

T.1.2.2 : Transport: H
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Merge the redundant complexes

Copy the frame ID of the small complex:
Right-click small complex — Show — Show frame ID
Merge into the larger complex:
Right-click large complex — Edit — Merge proteins

B | Merge Protein Frames?

==

Protein Frame ID to keep |CF'L}’{2TEA1-B

Protein Frame ID to delete | CPLX2764-9

Switch Proteins ||

Common name: FOF1 ATP synthase

Common name: FOF1 ATP synthaze

OK Cancel
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Get some help from MetaCyc

Right click on the reaction and select “Show frame in MetaCyc”
Click on the Synechococcus elongatus enzyme

Find out the proper gene name for the different subunits and enter
them in the A. platensis PGDB

Subunit gene name
(F, sub-complex) Gene Reaction Schematicl
a atpB

b atpF

b’ atpF2

C atpG

(F, sub-complex)

o atpA

B atpD

Y atpG

) atpH

€ atpC
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Correct Atpl annotation

NIES39 RS03835-MONOMER was
annotated as “ATP synthase subunit I”.
However, you would notice that Atpl is
not part of the MetaCyc complexes.
Atpl has been characterized as an
accessory protein.

Change the gene name to atpl and
the protein name to “ATP synthase
accessory factor Atpl”

Gene-Reaction SchematicH
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Defining the ATP synthase complex (1)

Right-click on the complex — Edit — Protein Subunit Structure
Editor

Change number of distinct subunits to 2, and clear remaining
fields.

Enter names for the F, and F, sub-complexes

B " Specify Protein Subunit Structure

MName: FOF1 ATP synthaze

Macromolecule Type: |prutein complex -

Number of distinct subunits: | 2

Specific Class(es), if any: |

e.g. A homotetramer counts as 1 gene product, not 4 — the number supplied here
=hould match the number of subunitz supplied belows.

For a complex of complexes, check the "Complex?” box below for each subunit
hat is a complex, and enter the number of distinct subunits and the components
for each. The coefficient can be emitted if it is not known. The Status

column below tells if a protein already exists or wil be created.

Genes or Subunits:

Subunit Complex? Gene or #Subunits Coefficient Status
|ATP synthase F<sub>o</sub> subcomplex u Gene: | | Will be created
|ATF' synthase F<sub>1</sub> subcomplex [ Gene: | | Will be created

SRI International Bioinformatics



Defining the ATP synthase complex (1)

* Mark the two sub-
complexes as
complexes using
the check box.

» Specify 4 subunits
for F,and 5
subunits for F;

* Enter the gene
names

* Click OK

(for simplicity we will
not worry about
coefficients)

14

B ' Specify Protein Subunit Structure

Mame: FOF1 ATP synthase

IMacromalecule Type: |prutein COmplex j
Number of distinct subunits: | 2

Specific Clazs(es), if any: |

e.g. A hemotetramer counts as 1 gene product, not 4 — the number supplied here
should match the number of subunits supplied below.

For a complex of complexes, check the "Complex?” box below for each subunit
hat i= a complex, and enter the number of distinct subunits and the components
for each. The coefficient can be omitted if it iz not known. The Status

column below tells if a protein already exists or will be created.

Genes or Subunits:

Subunit Complex? Gene or #5ubunits Coefficient

|ATF' synthase F<sub=o</sub> subcomplex IF #3ubunits: ’4— ’1—
| FOF1 ATP synthase subunit A F Gene: | atpB |
| FOF1 ATP synthase subunit B I cene:[atpF |
| FOF1 ATP synthase subunit B |r_ Gene: | atpF2 |
|FUF1 ATP synthase subunit gamma F Gene: |ath |

|ATF' synthase F<sub>1</sub> subcomplex |W_ #3ubunits: ,5— |1—
|FUF1 ATP synthase subunit alpha F Gene: |atpA |
|FUF1 ATP synthase subunit beta |F_ Gene: |atpD |
|FUF1 ATP synthase subunit gamma F Gene: |ath |
|FUF1 ATP synthase subunit delta |F_ Gene: |atpH |
|FUF1 ATP synthase subunit epsilon F Gene: |atpC |

Status
Will be created

Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)

Will be created

Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)
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Complex Is defined

Last thing to do is correct
the name of the enzyme to
F,F, synthase and the
activity name to simply ATP
synthase

Gene-Reaction SchematicHl
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RNA/Protein-RNA complexes

To create a complex that contains either only RNA molecules or a
combination of proteins and RNAs (e.g. a ribosome), simply select
the appropriate type of molecule from the “Macromolecule Type”
field of the “Protein Subunit Structure” editor

B | Specify Protein Subunit Structure

Protein: 2-oxoglutarate synthase

Macromolecule Type: |prut&in complex ﬂ Number of distinct subunits: | 4
pohypeptide
Specific Class{e| pMA

protein complex

e.g. A homotetramer -
should match the nu _pmi.en—. it t:nn.m'h;x .

For a complex of complexes, check the "Complex?” box below for each subunit
hat iz a complex, and enter the number of distinct subunits and the components
for each. The coefficient can be omitted if it is not known. The Status

column below tells if a protein already exists or will be created.

t 4 — the number supplied here
DETONY .
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Using citations
Most editors have citation boxes

Open the ATP synthase complex in the protein editor

Add a citation for PMID 33890627

PubMed citations
Paste the PubMed ID into a citation box
Pathway Tools automatically imports the citation when exiting the editor

Write a summary: “ATP synthase found in the thylakoid membranes of photosynthetic
organisms has some unique features not present in other bacterial or mitochondrial
systems”

Use the CITS button to move the citation to the summary

SRI International Bioinformatics



Using non-Pubmed citations

You can type Pubmed IDs directly into the summary using
CITS. Other types of citations must be first entered into a
citation box as described earlier. Once they have been
created, they can be used in the summaries

Enter an ID in the form Krah10 in a T
citation box, invoke editor by clicking
out of the box. Click on “Search or D [kraio
Create Publication Frame”. i AGRICOLA ID: noiD: [10.1016/j jmb.2009.10.059
If you have a DOI number’ enter |t Title: || On the Structure of the Proton-Binding Site in the Fo Rotor of Chloroplast ATP Synth -
and click outside the DOI ID box, and . o
it will be retrieved automatically (e.g.
10.1016/j.jmb.2009.10.059) ponors cunane 15 4 ian A 2[Pogoryelov D
If there is no DOI, type in the details. :MT ZZ:FM e
Click OK to close the editor source: [ Journal of Molecular Biology 395(1):20-27 vear: [2010
TO make Correctlons Invoke the URL:|https:ﬂ’linkinghub_elsevier.com.-fretrievefpiifSU[]222836[]901318?
Publication Editor by right-clicking on a

citation and selecting Edit —
Publication Editor

SRI International Bioinformatics
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Writing Summaries

By writing summaries for enzymes and pathways you can turn
your PGDB into a resource that integrates and summarizes the
current knowledge about your organism.

Summaries should incorporate references to the literature, using
the CITS button.

Using internal hyperlinks to other database objects is extremely
useful. See for example

https://biocyc.org/SYNWH8102/NEW-

IMAGE?type=ENZYME&object=CPLX1YI0-83
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Using Internal Hyperlinks

Internal hyperlinks are entered by using the |FRAME]| button

Clicking the button opens a list of the items in the History.
Select the right one, and the hyperlink is created

If the History list becomes too long, you can reset it by selecting
Tools — History — Clear

Alternatively, you can skip the history list by clicking the
FRAME button a second time, which will insert an empty link.
Print the frame ID of an object to the lisp window (right-click —
Show — Show frame ID), copy it to the clipboard, and past it
Into the link.

To modify what is shown in the summary, use this format
IFRAME: frame-ID “type text here”|.

You can use hyperlinks to MetaCyc objects.
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Example for a summary with hyperlinks

EC 2.7.2.4, aspartate kinase, catalyzes the committed step in the
pathways that ultimately lead to the synthesis of the amino acids
lysine, threonine and isoleucine.

IFRAME: EC-2.7.2.4|, catalyzes the committed step in the

pathways that ultimately lead to the synthesis of the amino acids
IFRAME: LYS|, |FRAME: THR| and |FRAME: ILE]|.

EC 2.7.2.4, aspartate kinase, catalyzes the committed step in the pathways that ultimately lead to the synthesis of the amino acids L-lysine,
L-threonine and L-isoleucine.

21 SRI International Bioinformatics
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Copying MetaCyc comments

Pathways show up with the MetaCyc summary. If you want to
modify a summary so it is applicable to your organism, you can
copy the MetaCyc summary and alter it.

To copy a summary from MetaCyc:

Type (dev) in the listener pane to activate MetaCyc editors

Right-click the pathway’s name in your PGDB, select Show —
Show frame in MetaCyc

Open the MetaCyc pathway in the Pathway Info Editor and
copy the text

Go back to the pathway in your PGDB, open the editor and
paste

SRI International Bioinformatics
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Curating Regulation
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Transcription Units

Transcription units are predicted by the PathoLogic tool “predict
transcription units”.

' . '
&12,200 512,400

Right-click the gray area and select Edit — Transcription Unit
Editor. You can:

Modify the included genes

Add promoter information

Specify sigma factor
Add several different experimental evidence codes

SRI International Bioinformatics
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Example for regulatory data

Let’'s make some (unbased) assumptions:

The atpE, atpB, and atpl genes are part of the transcription
unit that contains the 5 genes upstream.

This TU is controlled by the sigma70 factor
(NIES39 RS27630-MONOMER)

There is a promoter (atplp) 85 bases before the atpl gene

Transcription factor (TF) NIES39 _RS27155-MONOMER
activates transcription, but only when bound to ADP

SRI International Bioinformatics
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Modifying the transcription units

First we need to remove the incorrect TUs. Right-click on the Tus of atpE,
atpB, and atpl, respectively, and select Edit — Delete frame (can be done

from the gene page).

Next, right-click on the TU that needs expansion and select Edit —
Transcription Unit Editor. Add the names of the three genes to the list of

genes.

In the Promoter box type “atplp”, and enter -85 in the box “distance from
the first gene”.

From the list of sigma factors, select the sigma70 family factor.

atpA : FOF1 ATP synthase subunit alpha
802,800 803,000 803,200 803,400 803, 600 803,800 804,000 804,200 204,400

atpF : FOF1 ATP synthase subunit B

a 4 2
804,600 804, 805,000 805,200 805,400 805,600 805,200 £06,00D 806,200
atpB : FOF1 ATP synthase subunit A
onE AN onE onny OIVT M ONT W c.’\'!l.i.'\'\ oNT AN ONT O oNo

ona ann
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Adding transcription factor (TF) interactions

« Click on TU and select Edit — Create Regulatory Interaction
* In the window that pops up, select the atplp promoter

« Paste the TF frame ID (NIES39 RS27155-MONOMER) in the
“Protein” box

« Select “Activator” from the “Function” box

« Enter ADP for small molecule, and select “Active” in the box below
« Add evidence code and references

« Optional: define relative distance from transcription start site

« The information can be edited in the future by right-clicking on the
green box and selecting Edit — Regulatory Interaction Editor

Transcription Unit
st
= atplpl

BOT4TO (4}
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Specifying Terminators

Right-Click on the TU
Edit — Edit Terminators

-
# ' Enter Terminator Data @
Left End Position Right End Position Sequence Rho-dependent? Citation
| | -
| | -
| | -

Ok Cancel

SRI International Bioinformatics
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More Regulatory Interactions

Pathway Tools supports additional types of regulatory interactions
including:

Attenuation

Regulation of translation

RNA-mediated

* Protein-mediated

e Small molecule-mediated

Regulated protein or mRNA degradation

When starting the Regulatory Interaction Editor, click the “Type of
regulation” button at the top to select these types of interactions.

SRI International Bioinformatics



PathoLogic PGDB refinement tools

Pathologic

gtabase Build | Refine

PathoLogic contains a number e B PE——— =
of tools that require curator gusr Assign Moified Proteins
. . ame: A. plate
Interaction, that can add content ’ !
Strain: NIES.3¢ Create Protein Complexes, Manually

and improve the PGDB quality Re-Run Name Matcher

atus: Built Rescore Pathways

Protein Complex Inference, Autornated

Predict Transcription Units
pnetic Elemer

IC_016640 Import Curated MetaCyc Data

Update Cellular Architecture

Transport Inference Parser
te: A kog of all mess P
phol ogic console win Update Overview
Usars\Ron\Applata)
way Tools\Patholog
nsole-log_2022-02-0 Run Consistency Checker

|

Pathway Hole Filler L

SRI International Bioinformatics



31

SRI International Bioinformatics



32

Assign modified proteins

In the previous webinar we discussed the fact that proteins that
participate in MetaCyc reactions are all classes.

This tool enables linking the protein instances in the PGDB with
these protein classes

a [This sulfur-carrier protein]

MIES3S_RS025995 : MoaliThiS famity protein
MIES39_RS07415 : MoaliThis famihy protein
this : thiamine biosynthesis protein This

- , hizH : imidazole glycerol phosphate synthase subunit HisH - .
Show Candidate(s | Add Candidate by Gene ID:
(s) higF : imidazole ghycerol phozphate synthase subunit HisF L
4 L [ 3
Show Reaction(s} | |RKN-ETBE . a [ThiS sulfur-carrier protein] + ATP + H+ -= a carboxy-adenylated-[ThiS sulfur-carrier protein] + diphosphate

SRI International Bioinformatics
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Create protein complexes (manual tool)

Pathway Tools contains an
automated protein complex
creation tool. However, that
tool only accepts complexes
whose subunits are encoded
by neighboring genes.

This manual tool allows a
curator to inspect possible
additional complexes and
accept or reject them.

(3 out of 133)

Complex 1:

Group Subunits into Complexes for Reaction RXN0-2384
Mote: None of these genes are neighbors on the replicon

o add an additivnal protein subunit that iz not included in one of the
listz below, navigate to it in the Pathway Toolz Navigator window,

o add it to the history list, and then

press the "Add protein subunit to list ..." button below the list.

B ' Group Subunits into Complexes for Reaction RXN0-2381 Iﬁ

MIES38_RS513305 (trpa) - tryptophan synthase subunit alpha
MIES35 RS27525 (trpB) : tryptophan synthase subunit beta

I

Add protein subunit to lizt for Complex 1

m

Add Complex

1T} 3

Make Complex{es)

Skip

Stop

SRI International Bioinformatics
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Transport Inference Parser (TIP)

TIP attempts to identify
transporters in the genome
based on their annotation and
creates the most likely transport
reactions that describes their
activity.

It also creates complexes when it
identifies a set of genes likely to
encode a complex.

B ° Transport Inference Parser Dialeg

Protein 1D CPLXZ754-18
Function Mame: | putative Fe3+ ABC transporter
Components:

Subunit NIES39_RS04740-MONOMER Function Name: iron ABC transporter permease
Subunit NIES35_R304745-MONOMER Function Name: iron ABC transporter substrate-binding protein

Modify Components ‘

Energy coupling: | s1p -

Substrate: Fed+
Reaction: Feld+[periplazsm] + ATP + H20 -» Fel+[cytosol] + ADP + phosphate + H+

Retract reaction | Edit reaction

Accept | Reject | Leawve status unchanged

4 1L} 3

SRI International Bioinformatics
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Pathway Hole filler (PHF)

The Pathway Hole filler attempts to identify missing enzymes in
pathways based on sequence similarity to enzymes that have
been assigned to these reactions in MetaCyc. This can overcome
shortcomings in the annotation pipeline.

The PHF runs in three steps.

Step 1: Identify pathway holes, gather sequence data and build a
training data set (takes 10-20 minutes) -automatic

Step 2: Identify candidate genes — automatic

Step 3: This is the step where the curator needs to go over the
suggestions and decide which ones to accept - manual

SRI International Bioinformatics
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PHF example

The tool correctly identifies a missing enzyme for the phylloquinol
biosynthesis pathway, which has been misannotated.

-

# | Choose Holes to Fill in KB

Instructions:

If wvou click on the name or description of any biolegical object in the table below, it wil be displayved in the Navigator window.
o consider only high-probability hole-filing candidates, please specify the minimum probability that vou would accept.

Kinimum probability cutoff (Ranges: 0.0000000 to 1.0000000%: | 0.9 Update dizplay for new cutoff |

Fill hole with top candidate?

Holes/Reactions Top candidate R I | e | -
Pathway phylloguinol biogynthesis:

EC# EC-2.1.1.325: ubiEMIES39_RS19045 * Mo

S-adenosyl-L-methionine P=0.59443

+ demethylphylloguinol > Show all 10 candidates e

S-adenosyl-L-homocysteine + phylloquinol + H*

" es, by replacing function e

1

oK Cancel Save Selections to DB

SRI International Bioinformatics
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And now, brought to you by Chitty Chitty Bang
Bang and SRI International...

If your PGDB started out all
smooth and shiny...

...but now It looks like this

SRI International Bioinformatics
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...then it's time for an overhaul!

Tools for updating an aging PGDB

Propagate updates from Reference DB
(MetaCyc)

Re-run the name matcher

Rescore pathways

Run the consistency checker

SRI International Bioinformatics
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Propagating updates from a reference PGDB

Invoke from the Tools menu (Propagate MetaCyc Data Updates)
If your PGDB was created using a different reference PGDB, you

can select it instead of MetaCyc

By default, this tool will perform certain automatic updates of the current PGDB
relative to MetaCyc, and then will compute all propagatable differences in
compounds, reactions and pathways between the current PGDB and MetaCyc. You
will have the option of choosing which differences should be propagated from
MetaCyc to the current PGDB. However, instead of the default behavior, you

also have the option of comparing the current PGDB with some other reference
PGDB. In this case, no automatic updates will be performed, but you will

still be able to see the differences between the two PGDBs and propagate data
from the reference PGDB to the current PGDB.

Update from MetaCyc “ Choose another Reference PGDB

Cancel

SRI International Bioinformatics



Propagating data updates

Data updates are broken into three sections:

Compounds
Reactions
Pathways

cyanurate
amidohydrolase (Ps): Ps-atzD

cyanurate
amidohydrolase (Aa): Aa-trzD o o
352158 " "
P T

L . |,n ‘ r_rada‘tinn:-_‘—_——:q____t

" Hal WHHH
2% biuret 2

H0 €O, biuret amidohydrolase (Hh) 20
biuret hydrolase {Ps): Ps-atzF
biuret hydrolase {P3): Ps-atzE

35184 monia
HO a
allophanate hydrolase {Ps): Ps-atzF
3.5.1.54
2co,4 Hall MH
) !
2 ammonia Ha0 urea- 1-carboxylate

SRI International Bioinformatics



41

Propagating compound data

For compounds, the software looks for differences in chemical
structures and in the data stored in the different slots

L:umpuunds
33 Compounds hawve structures in MetaCye but not in HpyCye.

537 Compounds have structure differences between MetaCye and HpyCyc.
S Compounds have differences in zlot M+1-MAME between MetaCyc and HpyCyc.
5 Compounds have differences in slot K-1-MAME between Metalyc and HpyCye.

4 Compounds have differences in zlot M-NAME betvween MetaZyc and HpyCyc.

42 Compounds have differences in slot COMMON-MAME between MetaCyc and HpyCyo,
7 Compounds have differences in glot CITATIONS betvween MetaCyc and HpwCyc.

2 Compounds have differences in slot GIBBES-0 between MetaCye and HpyCye.

=40 Compounds have differences in siot DELINKES between MetaCyc and HpyCyc.

141 Compounds have differences in siot SYMNONYMSE between MetaCyc and HpyCye.

9 Compounds are present in HpyCye but not in MetaCye.

2 Compounds have differences in slot OWERWIEW-NODE-SHAPE between MetaCye and HpweCye.

Select for Update Propagate Al
Select for Update Propagate All
Zelect for Update Propagate All
Select for Update Propagate Al
Select for Update Propagate All
Select for Update Propagate Al
Zelect for Updste Propagate All
Zelect for Updsate Propagate All herge All
Select for Update Propagate Al
Select for Update Propagate All herge All
Zelect for Update Propagate All herge Al

Examine

SRI International Bioinformatics




Inspecting differences

When you click the “select for update” button, you can review the
differences and decide what to do for each case.

B Page 1 of 1, items 1-7

Differences in slot CITATIONS
Select &ll for Propagation Select All for Merge Unzelect All Update Selected

Propagate ? Merge ? Object HpyCyc Value MetaCye Value
4-AMIKNCO-BUTYRATE . )

F F . MIL Stevvarddd Showe Object Displays
4-aminobutyrate
CPD-1086 . )

[ [ MIL "11889103" "1 8245297" Shiowe Ohject Displays
S-amina-E-[S'-phozphotibitylaminouracil ( ) J )
CPD-9923

[ [ (1 /7 B FR)-EB-hydr oy -2-zuccinylcyclohexa-2 4-diene-1 MIL 18284213 Showe Object Displays
-carboxylate
CPD-9924

[ [ 2-succin':.fI-S-en-:ulp':.:'ru'-.f':.:'I-E-hydrnxy-S-cyclnhexe[:&J MIL 18284213 Showe Object Displays
-carboxylate
CPD-9925 . )

[ [ MIL 11153266 Showe Object Displays
1 A-gitvydlrosey-2-naphithoyl-Cod ! =Y
CPD-TETO . )

[ [ ) ) MIL CHARLZOMSY Showe Object Displays
dimethylzulfide
COHOPEMNTEMOATE . )

[ [ MIL 10382261 Showe Object Displays
2-oxopentenoate
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Propagating reaction data

For reactions, the software looks for differences in the reaction
equation, as well as in the data stored in the different slots

Reactions
S07 Reactions have equation differences betsween MetaCyc and [:g':.-":':.-'l:.

46 Reactions have differences in slot COMBMON-MAME between MetaCye and HpyCye.

16 Reactionz have differences in slot EC-MUMBER between MetaCyc and HpyCyo.
E Reactions have differences in slot PREDECESSORS between MetaCys and HpyCye.

79 Reactions have differences in slot OFFICIAL-ECY between MetaCyc and HpyCyo.

1 Reactionz have differences in slot SPONTANECQUZY between Metalyc and HpyCye.

11 Reactions are present in HpyCye but not in MetaCye.

Select for Update Propagate All

Select for Update Propagate Al

Select for Update Propagate All

Select for Update Propagate All

Select for Update Propagate All

Select for Update Propagate All
Examine
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Objects not present in the reference database

When the software finds objects in the PGDB that are missing from
the reference database, you can click the “Examine” button next to

It to see the detalils.

The software would try to find merge candidates for these objects

|’—|_ RM-3TE
malate = oxaloacetate

— Merge with RXRI-3 (malate + menaguinone-5 -= oxaloacetate + menaguinal) from HpyCye

B Merge with MALATE-DEH-RXM (malate + MAD=sup=+=fzup= = oxaloacetate + NADH) from HpyCyo

— Merge with MALATE-DEHYDROGEMNASE-MNADP+-RXM (malate + NADP=zup=+=izup= = oxaloscetste + MADPH + H=SUP=+<0S1P=) from MetaCyo

— Merge with MALATE-DERYDROGEMNASE-ACCEPTOR-RXMN (malate + an oxidized electron acceptor = oxaloacetate + a reduced electron acceptor) from HpyCyo Shie

» Mer& with MALOX-FXM (malate + O=SUB=2=/z18> = oxaloacetate + hydrogen peroxide) from MetaCyc

— Merge with LACTATE-MALATE-TRAMSHY DROGEMASE-RXM (oxaloacetate + L-lactate = pyruwate + malate) from MetaCye

PABSYNMULTI-RXN
Ir

L-glutamine + chorismate = p-aminobenzoste + L-glutamate + pyruvate
Mo merge candidates vwere found for this ohject

Select &ll for Deletion Unzelect Al DeleteMerge Selected

Shiowy

Shiowy

Shiovwy

Shiowy

Shiowy

Shiowy

Shiowy
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Propagating pathway data

For pathways, the software looks for differences in the topology of the

pathway, as well as in the data stored in the different slots

When pathways are present in your PGDB but not in the reference PGDB,
it may be for two reasons: either you created them (in which case you
would probably want to keep them), or they were deemed incorrect or

redundant in MetaCyc, in which case you would want to delete them.

To make life easier: when modifying pathways in your PGDB, change the

frame ID!

Pathways
56 Pathwways have topological differences between Metalyc and HpyCye.

2 Pathvvays have differences in slot HYPOTHETICAL-REACTIONS between Metai\{\’c and HpyCye.
10 Pathwways have differences in slot SYNOMNYMS betvween MetaCyc and HpyCyo.
118 Pathways have differences in slot CREDITS between MetaCye and HpyCye.

20 Pathwways hawve differences in slot COMMON-RAME between MetaCye and HpwCye.

11 Pathwways are present in HpyCye but not in MetaCyc.

Select for Update Propagate All
Select for Update Propagate Al
Select for Update Propagate All herge All
Select for Update Propagate All herge All
Select for Update Propagate Al

Examine
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The consistency checker

Consistency checking should be performed routinely (every few months),

and problems should be addressed

_hromaosome

arward

£

« Com

Help

answer Lisk
Browse Downloadable DEs

Consiskency Checker
Hiskory

Inskank Patch

Mew

Cnkology Browser
Pane
PathoLogic

Preferences

Prepare BLAST Reference Data
Publish DBs

Search

Upgrade Schema of Current DE. ..

rmr=—i

CTRL+E
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Automatic and manual tas

KS

B ° Consistency Checker

i " Consistency Checker

Exit Save Database Revert Database

Exit Save Database Revert Databaze

|G“ Autematic Tazks " Manual Tasks

AUTOMATIC TASKS
[ .
Check all links
v . . .
Verify pathways for duplicate reactions
[ e .
Verify replicon components and positions
B Validate GO terms
[ Ch .
ange compound strings to frame [Ds

B Run miscellaneous checks

[ Check compound structures for redundant bonds

[ Recompute database statisties

| Run selected automatic tasks ”

F Update proteins including computing mol wts from sequence

|('“ Automatic Tasks {(» Manual Tasks

MANTTAL TASKS
. .
Run constraint checker
[ . .
Verify all reactions and compounds
. .
(enerate reaction balance report
’l__
Check frame references
. . .
Fix references beitween polypeptides and genes
[ Check pathway reactions and validate EC numbers
[ . .
Check transcription units
[ Check citations
B Check external database link ID=

| Run selected manual tasks ||

* | recommend running the automatic tasks first
* | recommend running individual tasks one at a time.
 When you mouse over a task’s name, you will see documentation

for that particular task in the bottom window pane.
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Consistency checker output

The output appears on the right pane but is
also saved into a text file in the reports
directory. The name and location of the file are
printed at the end of the output.

==Done checking all the links==

The repart from this conziztency checker run can be found at

CProgram FilesPatheeay Toolzptoolz-localpgdbsregisteyhpycyct 3.1 veportaconsistency -checker-report-2009-08-13_11-24-56 txt
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Automatic tasks: check all links

This tool looks at:

Inverse links (compound-
reaction, gene-protein, etc.)

Pathway links
Ghost reactions in pathways

Pathways included in other
pathways

L-methionine

/

HzO o PWY-702
ng\ s-adenosylmethionine
synthetase, putative:

PCOO0SEY.01.0
diphosphate‘/ 2516
phosphate

L J
S-adenosyl-L-methionine

y'-methylthioadenosin 44114

1—aminﬂocyclopropanﬂ—carboxylate
2

L-ascorbate
1.14.17.4

2 H:0
L-dehydro-ascorbate

hydrogen cyanide
COs

L J
ethene

F==== Checking and removing any values from PATHMNAY-LIMKE that point to nonexistent frames ====

Femaoving link from pwy PWY-5901 to nonexistent pwys (ENTBACSYM-FAYT
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Automatic tasks: check all links

Warnings are not
necessarily errors but
should be checked.

For example, PWY-21
IS completely
redundant to P142-
PWY and should
probably be deleted.

Warning: MET-SAM-PWY iz completely contained within PVWY1-3 but is not listed in the SUB-PATHWAY'S =lot

Warning:P142-PWY iz completely contained within PVWY-21 but is not listed in the SUB-PATHWAY'S =lot

Warning: PWY-5600 is completely contained within PWY-21 but is not listed in the SUB-PATHWAYS =lot

Warning:GLYCOLY SIS iz completety contained within ANAEROFRUCAT-PVWY but iz not listed in the SUB-PATHWAYS slot

Warning: PWY-5485 is completely contained within FERMENTATION-PWY but iz not listed in the SUB-PATHWAYS =lot

Warning:PWY-21 iz completely contained within P142-PWY but is not listed in the SUB-PATHWAY'S =lot

Warning:PWY-21 iz completely contained within PVWY-5600 but is not listed in the SUB-PATHWAYS =lot

Warning: PWY-5484 is completely contained within GLYCOLY SIS but is not listed in the SUB-PATHWAYS =lot
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More automatic tasks

Verify pathways for duplicate reactions

Verify replicon components and positions: ensures all genes
exist, sorts based on position.

Validate GO terms: updates the GO terms using the latest
version of GO-KB, removes obsolete ones.

Change compound names to string IDs: mostly applies to
legacy data, where enzyme regulators may have been entered

as text strings.
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Yet more automatic tasks

| = W
.

4
"1

Run miscellaneous checks: formatting glitches in names,

validity of superpathways, clears values of computed slots,
deletes temporary frames created by breaks when the pathway
editor runs

Update proteins: molecular weights recalculated from sequence

Check compound structures for redundant bonds
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Automatic tasks: recompute database statistics

Updates the numbers on the home page

Helicobacter pylori

Btrain: 26695

HpyrCye version: 1311

[ enerate Patway Evience Report | |

Generate Pathway Hole Report |

Citations: [Tomh, 1997, Marais, 1999]

Replicon Total Genes

Auwthors: Suzanne Palé% 3RI International; Peter D. Karp, SR International

26695 Chromosome

Protein Genes RINA Genes Pseudogenes Size (bp)
1608 1566 43 0 1667867
Pathways: 143
Enzymatic Reactions: 671
Transpori Reactions: 9
Polypeptides: 1508
Protein Conplexes: 29
Enzymes: 330
Transporters: 33
Compounds: 553
Transcription Units: 17
RNAs: 38
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Manual tasks: the constraint checker

This tool usually requires the most time and

effort for correcting the problems.

Flags constraints issues. For example, if a slot is supposed to contain only compound
frame IDs, but a different type of frame is listed among its values, the constraint checker
identifies and flags the offensive value.

The opposite is true as well: the checker will flag that compound as present in a slot of a
frame that is not supposed to have such a value.

(this means errors are often listed multiple times, under different frames)

The checker also flags cardinality violations. For example, cases where more than one
values are present in a slot that is only allowed to have a single value.

SRI International Bioinformatics



More manual tasks

« Verify all reactions and compounds: finds orphan enzymatic
reaction frames (missing a protein, a reaction, or both); finds
orphan reactions that are not associated with any other objects,

looks for duplicate compounds.

==== Heaction balance summary report for hpycyc ====

« (Generate reaction balance report

TOTAL BALANCED REACTIONS: 445

With :CANNOT-BALANCE? slot set to TRUE: 0

TOTAL UNBALANCED REACTIONS: 46

With :CANNOT-BALANCE? slot set to TRUE: 1

With :CANNOT-BALANCE? slot not set: 45

TOTAL UNDETERMINED REACTIONS: 11

With one or more of the substrates lack a chemical structure: 11

With non-numerical coefficients: 0
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Frame references errors

Frame AGMATHIME. iz referenced in a [FRAME: | construct, but
tﬁfs nat exizt ether here or in MetaCyc ar in EcoCyc. | is referenced in the
following places:

Frame: PWYD0-1299
Slot: COMMENT

Looking at that pathway’s comment, we find that the FRAME

construct is missing the last bar.

ginine-dependent acid resistance system which couples
grnatine antiporter, AdiC, with arginine decarboxylase, AdiA.
al FRAME: ARG for intermal [FRAME: AGMATHIME. Arginine
eIl arginine is decarboxylated by AdiA to agmatine, releasing

ith a proton. Adgrmatine is then exported through AdiC,
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More manual tasks

Fix references between polypeptide and genes: adds the gene
value to modified proteins that miss it, adds a capitalized gene
name to the synonyms list, scans that list for duplicates, flags
orphan genes and proteins.

Check pathway reactions and validate EC numbers: checks the
PREDECESSORS slot of pathway frames, flags references to
deleted and transferred EC numbers.

Check transcription units: looks for invalid frames, transcription

units with no genes, with genes in different directions, etc.
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Even more manual tasks

Check citations: tries to find formatting problems, downloads
PubMed citations that have not been imported, provides
statistics.

Check external database link IDs: flags frames that are linked
to the same external DB entry by links that are supposed to be
unique.

Check HTML tags: looks for formatting errors in HTML within

comments.
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And when you finish, take pride at your newly
renovated PGDB!
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Homework

Perform the following exercises at your pleasure

Exercise 2: Assigning enzymes and creating protein complexes
» Assigning enzymatic activities to proteins
» Defining protein complexes
» Creating a publication frame
* Exporting a pathway to a file
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