Using biological process co-
annotation for ontology and
annotation quality control
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Biological processes are accomplished by the coordinated action of sets of gene products.
However, some processes are rarely connected to each other because they functionally,
temporally or spatially distant.



You are using AmiGO Labs

L L
Matrix View

Matrix Inputs

Axis 1: Axis 2:

CO0:0005975 A|CO: 0005975
C0:0009117 “GO: 0009117
CO0:0006807 CO: 0006807
CO0:0006790 m CO: 0006790
C0:0032502 . ©0:0032502

Axis 3 (optional):

Select species
I S. pombe ;I

Select relations

@ include all relations
¢ exclude regulates (waiting for database change...)

Submit Query

https://sourceforge.net/apps/trac/pombase/wiki/MatrixProject



You are using an AmiGO Labs prototype. See here for more information.

Matrix

Information about Matrix ©

Input GO IDS

http://amigo2.berkeleybop.org/cgi-bin/amigo2/matrix
Taxon (caveat, only pombe filter currently available)
® Al
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Step 1 Co-annotated terms (annotation intersections) were identified for all pairs of
"high level process” (slim) GO terms
Can see that many intersections are zero (cerise) and some are low (red)



Step 2

Step 2:

Create rules for “zero” intersects
(based on known biology)

G0:0006520,G0:0006310, NO OVERLAP
G0:0006520,G0:0006260, NO OVERLAP
G0O:0006520,G0O:0030437, NO OVERLAP

"x is not usually co-annotated with y".



Step 3

G0:0006520,G0:0006310, NO OVERLAP

G0:0006520,G0:0006260, NO OVERLAP

G0:0006520,G0:0030437, NO OVERLAP

G0:0006520,G0O:0006281, INTERSECT HAS GO:0006521 OR GO:0006338
G0:0006520,G0O:0007155, INTERSECT HAS GO:0006521
G0:0006520,G0O:0070882, INTERSECT HAS GO:0004360 OR GO:0004067

Intersections where annotations were sparse were inspected for spurious annotations,

which were either corrected, or, if the annotations were validated the rules were
extended to allow these exceptions.

For example the intersect between G0O:0006520 (amino acid metabolic process)
and GO:0006399 (tRNA metabolic process) includes gene products annotated to
G0:0043039 (tRNA aminoacylation) OR G0:0031071 (cysteine desulphurase),
which are involved in both processes

More examples here

:https://sourceforge.net/apps/trac/pombase/wiki/MatrixProject
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Identify annotations which break rules.



Step 1:
Identify intersections between pairs of

GO terms, using taxonomically
diverse set of model species
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Step 2:
Create rules for “zero” intersects
(based on known biology)

G0:0006520,G0:0006310, NO OVERLAP
G0:0006520,G0:0006260, NO OVERLAP
G0:0006520,G0:0030437, NO OVERLAP

Step 3:

o~ -

Query annotation outliers and Fix
annotations in contributing MODS

EEEEEEEEEE

Partocicaty identhy ANNOTATION

annotations which break rules
across annotation corpus

QC CYCLE

Add egs

OR extend rules by

GO:0006520,G0:0006310, NO OVERLAP
GO 0008520,G0:0006260, NO OVERLAP
GO0006520,G0:0030437, NO OVERLAP

allowing specific intersects

GO:0006520,G0O:0006281, INTERSECT HAS GO:0006521 OR GO:0006338

GO:0006520,GO:0007155, INTERSECT HAS GO:0006521

GO:0006520,G0O:0070882, INTERSECT HAS GO:0004360 OR GO:0004067

Fix annotations....

Extend rules....
Repeat....




Rules so far

for intersections with:

e GO:0006520 cellular amino acid metabolic
process

* G0O:0006399 tRNA metabolic process

* G0:0042254 ribosome biogenesis

e G0O:0006766 vitamin metabolic process

* G0:0007346 regulation of mitotic cell cycle
* GO:0006281 DNA repair

e G0O:0006260 DNA replication



http://build.berkeleybop.org/job/check-shared-annotations/lastBuild/console

) search

Jenkins check-shared-annotations #319

‘ Back to Project

@ Console Output

O status

_::f Changes Started by upstream project "bbop-js" build number 181
originally caused by:

Console Output Started by an SCM change
Building remotely on dicer in workspace /home/jenkins-slave/workspace/check-shared-annotations

View as plain text Checkout:check-shared-annotations / /home/jenkins-slave/workspace/check-shared-annotations -
— hudson.remoting.Channel@485879fd:dicer

...; View Build Information Using strategy: Default

- ———— Last Built Revision: Revision 724138c20b2cB144de9070£a91851b2£0253¢c75d (origin/master, origin/HEAD)
Fetching changes from 1 remote Git repository

0 Git Build Data Fetching upstream changes from origin

Seen branch in repository origin/HEAD
* Previous Build Seen branch in repository origin/gh-pages
- Seen branch in repository origin/issue20
Seen branch in repository origin/master
Seen 4 remote branches
Commencing build of Revision 724138c20b2c8144de9070£a91d51b2£0253¢c75d (origin/master, origin/HEAD)
Checking out Revision 72413Bc20b2c8144de9070£a91d51b2£0253¢c75d (origin/master, origin/HEAD)
Warning : There are multiple branch changesets here
[check-shared-annotations] $§ /bin/bash -xe /tmp/hudson4545596359673B65700.sh
+ ./bin/shared_annotation_bulk check.js ./_data/shared_annotation_check_rules.txt
Downloading libraries...
Will use rules file: ./_data/shared annotation_check_rules.txt
Read: ./_data/shared annotation_check rules.txt
Setting up manager.
Running simple exclusivity checks...
Checked exclusive: G0:0006520 && GO:0006310 (3)
ERROR : exclusive count of 3 on: G0:0006520;G0:0006310
http://amigo2.berkeleybop.org/cgi-bin/amigo2/amigo/search/bicentity?bookmark=http://golr.berkeleybop.org
/select?defType=edismax&gt=standard&indent=on&wt=json&rows=10&start=0&fl=*, score&facet=truesfacet.mincount=1&
facet.sort=count&json.nl=arrarr&facet.limit=25&personality=biocentityssfg=document category:%22bicentity%22&
fg=document category:%22biocentity%22&fg=isa partof closure:%22G0:0006520%22&8fg=isa partof closure:%22G0:0006310%22&
facet.field=source&facet.field=type&facet.field=panther family label&facet.field=taxon closure label&
facet.field=annotation class list labelafacet.field=regulates closure label&g=*:*
Checked exclusive: GO0:0006520 && GO:0006260 (17)

= P P P,

http://build.berkeleybop.org/job/check-shared-annotations/lastBuild/console



facet.field=annotation class list label&facet.field=regulates closure label&g=*:*

Checked exclusion: G0:0042254 && GO:0006091 && !(GO:0023052) (108)

ERRCR : bad co-annotations for: G0:0042254;G0:0006091;G0:0023052
http://amigo2.berkeleybop.org/cgi-bin/amigo2/amigo/search/bicentity?bookmark=http://golr.berkeleybop.org

/select?defType=edismax&gt=standard&indent=on&wt=json&rows=10&start=0&fl=*,score&facet=true&facet.mincount=1&facet.sort=counts

json.nl=arrarr&facet.limit=25&personality=biocentity&ssfg=document category:%22biocentity%22&fg=document category:%22bicentity322&

fg=1isa partof closure:3%22G0:00422543%322&fg=1isa partof closure:%22G0:0006091%22&afg=-isa partof closure:%22G0:0023052%22&

facet.field=source&facet.field=type&facet.field=panther family label&facet.field=taxon closure labels

facet.field=annotation class list label&facet.field=regulates closure label&g=*:*

Checked exclusion: G0:0042254 && GO:0007126 && !(GO0:0023052) (31)

ERRCR : bad co-annotations for: G0:0042254;G0:0007126;G0:0023052
http://amigo2.berkeleybop.org/cgi-bin/amigo2/amigo/search/bicentity?bookmark=http://golr.berkeleybop.org

/select?defType=edismax&gt=standard&indent=on&wt=json&rows=10&start=0&fl=*,score&facet=true&facet.mincount=1&facet.sort=counts

json.nl=arrarr&facet.limit=25&personality=biocentity&ssfg=document category:%22bicentity%22&fg=document category:%22bicentity322&

fg=isa partof closure:%22CG0:0042254%22&5fg=1isa partof closure:%22G0:0007126%22&afg=-isa partof closure:%22G0:0023052%22&

facet.field=source&facet.field=type&facet.field=panther family label&facet.field=taxon closure labels

facet.field=annotation class list label&facet.field=regulates closure label&g=*:*

Checked exclusion; trivially passed with no base overlap: GO0:0055085 && GC:0000910 (0)

Checked exclusion: GO:0006766 && GO:0030163 && !(GO:0070647) (8)

ERRCR : bad co-annotations for: GO0:0006766;G0:0030163;G0:0070647
http://amigo2.berkeleybop.org/cgi-bin/amigo2/amigo/search/bicentity?bookmark=http://golr.berkeleybop.org

/select?defType=edismax&gt=standard&indent=on&wt=json&rows=10&start=0&fl=*,score&facet=truesfacet.mincount=1&facet.sort=counts

json.nl=arrarr&facet.limit=25&personality=biocentity&sfg=document category:%22biocentity%22&fg=document category:%22biocentity322&

fg=1isa partof closure:322G0:00067663%322&fg=1isa partof closure:%22G0:0030163%22afg=-1isa partof closure:%22G0:0070647%22&

facet.field=source&facet.field=type&facet.field=panther family label&facet.field=taxon closure labels

facet.field=annotation class list label&facet.field=regulates closure label&g=*:*

Checked exclusion; trivially passed with no base overlap: GO:0006766 && GO:0070647 (0)

Checked exclusion: GO0:0006281 && GO:0006913 && !(GO0:0031080) (79)

ERRCOR : bad co-annotations for: G0:0006281;G0:0006913;G0:0031080
http://amigo2.berkeleybop.org/cgi-bin/amigo2/amigo/search/bicentity?bookmark=http://golr.berkeleybop.org

/select?defType=edismax&gt=standard&indent=on&wt=json&rows=10&start=0&fl=*,score&facet=truesfacet.mincount=1&facet.sort=counts

json.nl=arrarr&facet.limit=25&personality=bicentity&sfg=document category:%22biocentity%22&fg=document category:%22bicentity%22&

fg=isa partof closure:3%22G0:00062813%322&fg=isa partof closure:%22G0:0006913%22afg=-isa partof closure:%22G0:0031080%22&

facet.field=source&facet.field=type&facet.field=panther family label&facet.field=taxon closure labels&

facet.field=annotation class list label&facet.field=regulates closure label&g=*:*

Next step?
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(GO:0051186) 120 3211118 2717 1 56 2 1 1 1 27
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(GO:0016071) 1 3 2 31 1 41 =3 1 173 2 4 4 6 5 814 1911
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(G0O:0055085) 32 3 4 1 291 34 78 6 109 21 52 |
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(GO:0016192) 176 10 1 2 16 276 20 201 381 2 246 1 247 391 51 7 15%7
(GO:0006766) 15 11127 7 1 1 41

pombe



& 58 L g T3 £
5 gg § g9 ig-éa & g =

=] . ©5 @ o o5 - — = Q 8 =

g€ 83 2288 5§37 ¢ g8Es o3 § 5 o83 28

5 20ga8r-3 :S=ms§850g88_§ S 8 838 o

c6 8.33586 25338858038888 o 5 S5 282528

g ® $488835c 535885587 82588 8.7 g¥ £g833¢
5 33 SE:-SS8cT g8°3528854:8888 358,85 g288s3
S R HE o TR
S ~ 2 58 ol c e ..:.’8 cggoav_gQEvig ..og 22 €52 g
Ce8Bocgoco8852 .88, 8 -52025428832838,3288%
0N8Ls53805T8E50525FE5 8 gﬁ 25 < ESCOo o8l a g Sag
e R IR B
..Q_,:oao_..-_ o = ) 2 - = 5 = 8 = 'ﬁo-—w :NQ_ :'ﬁ )
k| c §o8ﬁ=3§3£ 5E’oaﬂgk°gg§,3§§~;—§°’=m80 2883
=~ o c £ - = o £ 2 = 0 o
%a%ggcgégwmﬂiazg:3g§§§Q$g°.§ag’8§Eng§’OB:‘@égﬁ
ERoeSgEbctEEsg2EE883353 85538852325 22¢0¢8

a = = - = = <O S

§g§§§§§ag§§9§§§3£ﬁ3522§§§§2255555§§§E§§%§5
SSS88222050825088 828803358 88888828583223¢5
6668888865588 000882EFfEE22858888888238E8E¢8¢3

DNA recombination (GO:0006310) ™= ¥ 58 g o0 3 21 27 ™88 4 gp 0982 212005 ™65 302 4698113 B BygB, WHy g

DNA repair (GO:0006281) ™ ' 7 48 76 11 19 23 ™8 = % 106 g7 28 5g 11 47 T8 "M 121 MR W15 3872 g 44 48 SIS g 62 44 4B 30 ¥ 25 1274 2
DNA replication (GO:0006260) ™ “ ™ 1545 18 20 16 ! * 48 g 1 83 =g 413568 W ™ 531 g7'™ 232 95204 65 ™ 11 = 12 193
ascospore formation (GO:0030437) 28 48 15 s 1 §S1'°5029'° B4 EI8S 48 Eo7 B31 89 42 22 4393 10 747 90 31'® 77 40 81 @
carbohydrate metabolic process (GO:0005975) 28 76 45 183 = 26 a8 =5 136 17 40 ' 4g '8 224 28 W T gg A7 g 5 WM qg 38 a2 gq FWI0 1S 188 27 g 964 {1 29 403 11 3 2
cell adhesion (GO:0007155) 20 11 18 5 %8 ™ 56 %% 69 88 19 29 65 '™ 57 28 p4 218 9§ 26 51 25623 46 %7 18 96 ¥ 50 67 8 28 7T o W 18 11 5 10
ar amino acid metabolic process (GO:0006520) 3 19201 856 ™ 67557214 ™ 6 2863 12 ! 47 17 28 2 65 ™ 29 g 68 2 37 16 #' 39 75 49 54 0 ™ == 15 7 130 50
1l wall organization or biogenesis (GO:0071554) 21 23 16 3 = 28 g7 == 57 112 35 37 136 #4881 341 36 &= gg «¥ o5 36 g3 27 102 60 52 414 %84 g gg ' 25 &1 1 %8 218 72 286 g
chromatin modification (GO:0016568) 27 &8 315 51 136 gg 55 57 “ “ 48 57 1g & 248 70 5 Qg 172 37 43 p( %3 108 | 288 482 3p 47 1 €3 71 48 59 ™ 18 *= 27 37 73 3
chromosome organization (Go:oo51276) 136 216 943 100 197 gg 79 12 WM W =2 g0 40 30 B34 183 73 116 324 W' 106 o) T 288 g 463 BE 5g gp 6 858 181 100 141 1W g7 TN g4 54 164 3
chromosome segregation (GO:0007059) %= % €8 50 40 19 14 35 3 == ¥ g pp &8 &8 & 99 1550 ™ 9 BN452 EEEE1 4 BEEE18 S35 S11 B14 13 63 1
cofactor metabolic process (GO:0051186) 3 8 29 ™20 ™ 37576690 ™ 23 37404 '™ 1377419 ™ 211247 5 5 71 1853 1582 11227 %2 15 10 61 ™=
conjugation with cellular fusion (GO:0000747) 4 1 4865 14184922 075 8768 2627'#g Bt 7544 33 20 % 24 50 69 26 32 8 32 56 55 51
cytokinesis (GO:0000910) 62 % g3 132 158 163 g & 167 333 228 53 75 ™% O 5 4354 3% pg 5199922 76 ' 1432 ¥ 7434 %° 31 ™ g0 33 76 ¥
cytoplasmic translation (GO:0002181) 97 1 28 B 1 181 9 5846 257 16 54364 40™ 1137 2 3
cytoskeleton organization (GO:0007010) 98 2 128 124 2 66T g3 261 263 &3& 863 7 g7 =51 [WIE 5g 24y 628 186 g 9 230 g3 36 W32 g4 61 208 60T gg T gq IS0 M,
nt or maintenance of cell polarity (GO:0007163) 2 59 8 85 3 2% 12 31 7p 18 181 40 gg 6 | ™€ =8 59 18 5 17 6g g &7 181 17 108 28 o3 56 W0 o3 gp # g7 =8 112 g4 70 45 ¢
irecursor metabolites and energy (GO:0006091) 21 11 4148 " 24 ¥ 3652 7321 ' 2 58 59 ™ 42 43 66 2 18 " 64 15 192 4% 34 53 ' 21 gg 48 17 4% 10 20 " 4g 116 33
lipid metabolic process (GO:0006629) 20 47 35 22 ™ 216 &7 &3 gg 116 45 15 oG 43 254 M8 402 =W g4 195 163 14 644 73 388 208 536 4q N0 465 gg 475 183 73 == 15 701 665 174 €33 Ma7
mRNA metabolic process (GO:0016071) 95 ™ 58 27 78 26 17 86 '™ ** 58 13 27 54 18 75 50 43 64 % '9" 655 8 32 15 gg 116 53 {g 144 167 W1 162 424 50 288 ™8 95 0 80 2
meiotic nuclear division (GO:0007126) ™ ' ¢ % 27 pg pg @0 7 U gy 18 Sy cc EEIREEESS 68 33 BSOS 4 SEEEEERA0 S 7 BS8 85 Sl4
mitochondrion organization (GO:0007005) 65 ™' ' 31 66 51 2543 ™ g 418 299 ' 69 * ' 55 55 * 15 " gg 7g 186 1 18 14 8 WU g 5p 6= = AT 40 1 48
nitrogen cycle metabolic process (GO:0071941) 5 65 2020 9 8 8 18 14 153524 8 1314 5 1 8 24 337 8
mall molecule metabolic process (G010055086) lon 14T 788 gQ '®' 235 930 356 423 W 517 T 114 510 fg V1 427 'S 644 359 768 703 94 701 130 416 VS 345 266 720 131 645 6B 741 OO 35 616 VX 20 ' 214
nucleocytoplasmic transport (GO:0006913) 39 1@ 53 42 117 62 29 63 198 5 45 21 31 99 46 *° 181 64 73 =2 6839 8 ™! ™ | 79 187 3g 21 4@ 12¢ ¥ 2e &= W pg &2 59 49 168
peroxisome organization (GO:0007031) 2 2 1 221983 9 271 9 2 12 22 331715% 153378 ™1 ™39 5 7 5670 % 1 B 13850 =
protein catabolic process (GO:0030163) 46 BT 87 43 38 46 68 102 288 463 101 47 75 76 25 36 108 102 208 gg 139 155 &4 79 39 1 620 132 113 745 W19 33y 840 20 %95 7 216 gg 72 85 8
protein complex assembly (GO:0006461) 98 2= 155 gg 352 267 272 g &8s =% 366 262 44 861 7 |60 263 455 &35 116 285 % 43 U9 17 22¢ 620 U 359 5 623 200 664 462 1% VS 34 670 W 51 81 34
protein folding (GO:0006457) 119 2310841837 5232591 5 3314 16 ' 2334 495325 '® 143 39 5 1= 3 == 40 213 39 188 50 27 26 10 59 149 11 12 3
protein glycosylation (GO:0006486) 3 44 2 ¥ 96164447664 5 2032 315653%°184 11 #6217 M5640™ ¥ 56389 1 29 241063218 4
protein maturation (6020051604) 184 418 229 74 410 327 271 284 351 586 141 71 128 @ 54 461 130 171 485 144 215 455 5 720 142 56 T3 823 213 132 0 30 g5p TO1 33 an 33 400 262 176 818 14
ill protein conjugation or removal (GO:0070647) ' 5™ g5 7 118 50 39 62 59 %8 127 18 24 74 36 *= 23 21 68 &7 ' 191 | 181 126 70 ¥ 38 g9 5@ U WS 46 44 W g9 39 gg o 2R
protein targeting (GO:0006605) 19 60 20 90 ' 67 75 88 71 '®' 18 53 50 34 4 = g gg 7% 141 122 '™ g Ges W7 865 331 56¢ 188 gg 655 163 €0 160 164 W pg 21 = 22 68 g
regulation of mitotic cell cycle (GO:0007346) =7 &72 &7 136 127 153 4q 11¢ &38 = 832 15 gg 402 4( 07 28 4g 15 12 &2 7g 38 203 ¢ 54 4@ 5 g oI 476 160 5 g B o) 82 g3 31 149 4
ribosome biogenesis (G0O:0042254) 19 44 65 31 91 28 54 25 59 ! 35 82 26 31 ' 66 87 '7 73 ¥ 4052 ™1 85 95 13 57 3344 ' g *F = WE M 50 1372 8
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vesicle-mediated transport (GO:0016192) 8 74 19 [ESEEIEES73 Blc3 6151 £ SIS0 SEEc Rl R S 72 B4 S 14
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All organisms
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Embryo development



Classes of errors in intersections

A ‘Indirect’ downstream effects

Phenotype data often doesn't distinguish direct activity and
downstream effects, leading to problems with annotations, detected
by this system

core RNA polymerase |l
transcription

$ ) 4

nucleocyto- ‘ DNA

plasmic replication

transport
4

$

mRNA )
splicing .

chromosome
segregation



B Automated mapping errors

-{ - GO Biological Process |

\ /

Ontology Graph

Contact Curators

Term ID Term Name Evidence  With/From Reference
G0:0006355 regulation of transcription, DNA-dependent IEA KW-0805 X GO_REF:0000004
G0:0051083 'de novo' cotranslational protein folding ISO SGD:S000001236 GO_REF:0000024
+ ~GO Cellular Component|
Ontology Graph
Contact Curators

Term ID Term Name Evidence  With/From Reference
G0:0005634 nucleus IEA KW-0539 GO_REF:0000004
G0:0005829 cytosol IDA Matsuyama A et al. (2006)
G0:0005854 nascent polypeptide-associated complex ISO SGD:S000001236 GO_REF:0000024
GO0:0042788 polysomal ribosome IDA Andersen KM et al. (2007)

More example

https://sourceforge.net/tracker/?group _id=36855&atid=605890&source=navbar



C: Manual Annotation Errors

Amino acid metabolism annotation updates

Database
PomBase?
PomBase?

PomBase?
PomBase?
PomBase?
SGD
SGD
SGD

SGD

SGD

SGD

SGD
SGD
SGD

SGD

SGD
MGI

gene

fmtl

SPAC823.09

hst4
slal
slal
METS
ARG7
GAP1

FMT1

ARGS81

ARGS81

CDC60
MET18
THR4

FPR1

CBF1
Sod1l

update
removed methionyl-tRNA aminoacylation |:>

waiting

mitotic sister chromatid segregation

removed regulation of conjugation with cellular fusion
removed regulation of ascospore formation

removed fungal-type cell wall organization

removed fungal-type cell wall organization

ammonia assimilation cycle

removed methionyl-tRNA aminoacylation :>

replaced arginine metabolic process with "regulation of
arginine metabolic process

removed negative regulation of calcium ion-dependent

exocytosis |:>

removed DNA replication initiation
removed methionine metabolic process
removed endocytosis

replaced arginine metabolic process with "regulation of
arginine metabolic process

methionine biosynthetic process
query nucleotide excision repair IMP

reason

missannotation should be methionyl-tRNA to
N-formyl-methionyl-tRNA

indirect

indirect

indirect

indirect

indirect

indirect

error, should be methionyl-tRNA to N-formyl-
methionyl-tRNA

upstream regulation

error

indirect
indirect
indirect

upstream regulation

indirect

|::> error, incorrect interpretation



D Ontology True Path
Violations

More recent examples:
http://tinyurl.com/e4rmh

GO:0006606 protein import into nucleus
removed parent

GO:0044743 intracellular protein transmambrane import

GO:0042307 positive regulation of protein import into nucleus
remove parent
GO:0034762 regulation of transmembrans transport

GO:0010559 regulation of glycoprotein biosynthetic process
remecve parent
GO:0006417 regulation of translation




E: Paradigm shifts and new biology



ANA metaboic
process

e Mid ANA metabobe
actvation process

1. Multiple Parentage
Specific function/process is
involved in more than one
process simultaneously,
Link between processes is
encoded in the ontology

e.g. tRNA ligase is a child
of tRNA metabolism ,
amino acid metabolism,
translation

e.g. pentose phosphate
shunt is a child of nucleotide
metabolism, carbohydrate
metabolism and coenzyme
metabolism

Allowed Intersections

2. Multifunctional Gene Product
gene product or pathway functions
independently in the multiple processes

e.g. Noc3: intranuclear transport
; and DNA replication initiation

e.g. Urmylation pathway ADD

e.g. Tandem fusion ADD

3. One process directly regulating another
In most cases are probably indirect
downstream effects, but are sometimes
regulatory.

e.g. Meiosis specific mMRNA splicing

e.g. (eg of regulated transport
controlling a process?) ADD

e.g chromatin remodelleing ->
DNA replication? FING EG

4. Upstream signalling
regulating multiple
diverse processes, via
protein modification/
transcription



Future work

Implement rules into GO QC

Implement rules for intersects with many
annotations to cover entire annotation space

Create rules for within and between other

ontology annotations (process/ component,
component phenotype etc...)

Rules can be used to create a set of

“ tive” tati for ***x lications?
negative” annotations for (applications:

| know some users need these for reasoning...)
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