Hidden in plain sight: The eukaryotically conserved unstudied proteins
and a framework for their classification and characterisation.
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ABSTRACT

Proteins conserved widely among eukaryotes play fundamentally important roles in the shared, basic mechanisms of life. The roles of many broadly conserved proteins

remain unknown, however, despite almost a century of gene- and gene product-specific genetic and biochemical investigation. Even the recent emergence of genome-wide
experimental techniques and the availability of near-complete protein inventories for many intensively studied eukaryotic model species have shed light on the functions of
few previously uncharacterised conserved proteins. Because the success of many endeavours in basic and translational research, including drug discovery, metabolomics,

and systems biology, depends critically on comprehensive representation of conserved functions, a more complete understanding of protein components conserved

throughout eukaryotes would have far-reaching benefits for biological research in many species and on a wide range of scales.

To identify priority targets for experimental investigation, PomBase provides an inventory of fission yeast proteins that are conserved among eukaryotes but whose broad
biological roles remain unknown. A broad functional classification of the known proteome using a selection of Gene Ontology biological process categories ("GO Slim")

has revealed correlations with features such as subcellular localization and morphological phenotype. Combining available data from genome-wide phenotype and
localization experiments with insights from the functional classification of known proteins facilitates prediction of biological roles, and thereby guides specific experimental
characterisation of unknown proteins.

We tend to study what we know
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First step: Aim to assign unknowns to these broad classifiers

Classifying Unknowns
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SPACS6E4.05 y ER 2
SPAC19G12.17 y y y cn
SPBC359.06 y y c/n
SPAC29B12.11c y y y c/n
SPAC1705.02 y y y c/n
SPAC3HS.08c y y y c/n/SPB
SPBP4H10.17¢ y y ¥
SPBC359.06 y yYyvy
SPBC2A9.11c y y y
SPAC10F6.14c y
SPAC11E3.12 y
SPBC18E5.10 y
SPBC4.06 y y
SPBP22H7.04 y 2
SPAC25A8.03c y
SPAC26A3.11 y
SPBC115.02¢ y y :
SPCC4B3.11c y \
SPAC3G6.05 y 0 2
SPAC3HS5.09¢ y w 1
SPAP14E8.05¢ y 0 2
SPAC4G9.14 y y 0 2
SPBC16H5.14¢ y )
SPBC21C3.03 y y 0 2
SPAC4H3.07¢ y \
SPACUNK4.13¢c y v
SPBC16A3.02¢ y M
SPCP31B810.02 y M
SPAC4F10.22 y M
SPBC27.06¢c y M
SPCC1620.03 y M
SPCC126.12 y y M&N
SPAC5H10.01 y M&N
SPACEB12.04c y M&N
SPACEC3.02¢ y y M&N
SPAC20G4.05¢ y meN
SPBC83.16¢c y y M8 3
SPACS8C9.16¢c y M&N
SPCC962.05 y MEN
SPAC1782.12¢c y ER 4
SPBC30010.09¢ y y y ER 3
SPCCT777.12¢c y ER 1
SPBC83.10 y ER
SPBC119.16¢c y y ER 1
SPAC17A2.02¢c y y ER 7
SPAC27D7.08¢ y y y cn r
SPAC806.04c y y c/n
SPBC3084.03c y y c/n
SPBC119.03 y y c/n I
SPBPB21E7.04c y v
SPCC550.07 y y c/n
SPCCE3.06 y c/n
SPAPB24D3.08¢ y y cn ]
SPACS521.03 y y y c
SPBC1703.11 y y c B
SPAC12G12.15 y y N 1
SPAC17H9.06¢ y N N
SPAC19B12.11c y N/n
SPAC23G3.12c y y y N
SPAC17H9.06¢ y N
SPACEG10.10c y N
SPBC1539.02 y N
SPAC3H1.03 y N
SPBC21.03¢c y N
SPAC31G5.21 y N/n
SPCC5E4.10¢ y NJn
SPCC24B10.18 y N/n
SPCC1235.03 y N/n
SPBC215.06¢ y N/n
SPBC14C8.19 n
SPACE83.02¢ y n
SPAC19B12.07¢ y c/n
SPCC16C4.02¢c y y B
SPACS6F8.02 y y B
SPBC32H8.09 y B
SPBC1604.16¢c y B
SPCP31B10.06 y B
SPAC22F3.04 y y B
SPAC15F9.01c y y y
SPAC22A12.06¢c y
SPBC18H10.05 y y
SPAC17G8.08¢c y ER 7 I
SPAC186.05¢ y ER 4
SPAC2F3.18c y ER 2
SPBC23G7.06¢c y ER 1
SPBC32H8.03 y ER 1
SPCC1259.02¢c n y ER 6
SPBC25H2.14 y ER 5
SPAC3A11.10¢c y G 1
SPAC6FB.13c y y G 2
SPBC16G5.09 y G
SPBP35G2.11c y y G
SPCC622.11 y G 8
SPBC530.09c y Gk 2
SPBC15D4.05 y c
SPAP11E10.01 y B
SPACE88.03¢c y c/n
SPAC4H3.04c y ¢n
SPAC3G6.03¢ y cn
SPAC27E2.03c y ¢/n
SPACE88.13 y y c/n
SPBC1289.16¢ y -
SPCC16C4.01 y M?7 1
SPAC12G12.15 y M? 1
SPCC736.09¢ y c/n

Classification unknowns conserved to human

enzyme

lyase

methylesterase
lyase

kinase
oxidoreductase
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phosphatase

methyltransferase
methyltransferase
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oxidoreductase
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transferase
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oxidoreductase
oxidoreductase
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aminotransferase

methyltransferase
methyltransferase

COMT methyltransferase
COMT methyltransferase

amidase

oxidoreductase
oxidoreductase

protease

RNA binding (in tRNA metabolis
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ribonuclease
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peptidase

peptidase

peptidase

NTP binding
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amine oxidase

cydlin ike?
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Predicting processes E.g.1

SPAC1782.12¢
SPBC30010.08¢
SPCC777.12¢c

y

y

1. ER localization

2.>1 <4 TM domain

3. Absent from S. cerevisiae
4. Conserved in vertebrates

239

1

“which known genes best match these profiles?”

Query: ((((

ortholog) ) AND ( GO ID(GO0005783 - endoplasmic retcuium) ) ) NOT ( GO _ID(GO0009986 - coll surface) ) JAND (1=

PBO _1ID(PBO 0011070 - conserved in vertebrates) )

This query matches 10 genes

Downlocad Results

) Name

SPACZ3AT 05 senne palimitoyitransiora

4 SPAC3IA1TI 04

SPACS 08¢

A S&c SPBCI17A3 08¢
1 sSPBCI1aAT N
SPCC126 08¢

11 dpm2
’ dpmd
pvgd

<9 wel

Description

SIOroid reductase (predciad)

COACHhOM-DhOSPNAte Mannos

X-Pro cipeptidase (preccted)

50 subunit A (predicted)

SOIpIn homolog, Invoived In ipid catabolsm (predicted)

DNAJDUF 1877 DNAJB 12 homolog (predicted)

octin family glycoprotein recepior (predicted )

dolichol-phosphate mannosyiransferase subunit 3

galaciosylxylosylproten 3-beta-galactosyitra

yWransferase subunit 2 (predicted)

rsfoerase Pvgl

sterol reguiatory element binding proten, transcription factior Sre

What are these genes enriched for?

profein_coding N

({ PBO_ID(PBO-0000001 - published) ) OR ( PBO_ID(PBO-0000002 - biciogical_role_inferred) ) ) AND ( PBO_ID(PBO-0000055 - no apparent S. cerevisiae
Transmembrane Domains

Strand Start

<4 ))AND

1 4088593 4089782

-1 66357 3462672

1478309

1476887

1 1412747 14107686

1 2729195 270774

1 2131086 2129838

1650658 1649990

1 934519 IWISST

1 2418545 2416908

1 1691270 1654601

R 3
[Toﬂm from the Process Ontology of gene_association.pombase with p-value <= 0.01

Gene Ontology term  |Cluster frequency Genome frequency Corrected  FOR | False Genes annotated to the term
P-value Positives
lipd metabolc process 16 of 10 genes, 221 of 5054 genes, [7.340-05 10.00% |0.00 ISPACD.08¢c, SPAC3A11.04,
0% 4.4% SPBC19C2.09, SPBC21810.11.
SPBC1677.02, SPAC23A1.05
collular lipd metabolc |5 of 10 genes. 217 of 5054 genes, [0.00182 0.00% 0.00 SPAC3A11.04, SPBC19C2.09,
liprocess 50.0% 4.3% SPBC21810.11, SPBC1677.02,
SPAC23A1.05
membrane lip«d 3 of 10 genes, 49 of 5054 genes, [0.00607 /0.00% [0.00 SPBC21810.11, SPBC1677.02,
Diosynthet process  (30.0% 1.0% | SPAC23A1,05
membrane lipid 3 of 10 genes, 52 of 5054 genes, 0.00726 10.00% 10.00 SPBC21810.11, SPBC1677.02,
metabolic process 30.0% 1.0% SPAC23A1.05
rolein O-linked '[2 of 10 genes, 9 of 5054 genes,  [0.00780 j0.00% [0.00  [SPBC21810.11, SPBC1677.02
glycosylation 20.0% 0.2% l

Predicting processes E.g. 2

SPAC27D7.08c
' SPAC806.04c

1. nuclear localization

2. methyltransferase domain
3. conserved in bacteria

4. Conserved in vertebrates

“‘which known genes best match these profiles?”

Query: [ (GO 1IN

OR { PBO 1ID(PHO 0000002 - bk

Thas query

Download Results

maiches 15 gones

GO 0008168 - mePyitrarsterase achvity

plogical role inferred)

} JAND { GO 1IXGO 0005

AND ( PBO 1D0PRO

7 — -
y Yy c/n
y c/n
0019067 - conserved In bactena) ) ) AND ( { PBO_ID(PBO-0000001 - publshed)

M - nuclous

11/15 tRNA met, 3/15 rRNA met

S07¢c TRNA (m5US4) methy

transierase Trm2 (predcied

SPACSTAT 07¢c homocystene methyivarsferase (preduited)

SFOC 02

cpat
’ ptt

spb

’ 'm0

404 rmd0 1

Predicting processes E.g. 3

185 MINA cmeTyiase (predcied

HINA (m1A) methytransferase complax catalytic subunt Cpd1

RNA moPytraraferase Nop2 (predcied

IRNA metyitraraferase Pt

RNA methytransierase Spb ! (predcied)

IRNA m(1)G methytransierase Trm 10

HNA

proScied)

aune-N2 - - methyirarafernse catalyic s.buat ¥

IRNA (Cytosre-5- ) methytransferase (predeied)

IRNA (Cytosine-5 ) methytransforase (predicied

RNA (guarvre) methytransforase Trms (predicied)

NA 77O

280 mePyitrarsierase Trm7 (predcied)

IRNA (guanine-NT- )methytransfernse catalyic subut Trm8

(prodiciod)

RNA (undine) metyht

rarsferase Trm (precicied)

Guilt by association

All unknowns in STRING (http://string:db.org/)

) AND ([ PDO DX

PO 001%70

CONBOTved I veriobratos

Eng

1 1629056 1531247

2T 0002

270050

1 1903568 1990100

' - e . - e

4 952502

251382

Human AMMECR1

Human MEMO1

1673650

IS888086 354

4836105

MWIeaT4 T80

) 1675523
1 @

427902 M29050

20386

AT29678 4732140
1087701 1081

166

3TN0 IWTE05

4504855

950728

2245862

Using Angeli http://bahlerweb.cs.ucl.ac.uk/cgi-bin/GLA/GLA _input

AMMECR subnetwork has connections to meiosis, possibly signalling

Drug response Result p- value
! : Enriched 87.50% (7/8) compared to the background popula 3.49078e
5.619 wL.’HH.":'. 34)
Meiosis Result >~ value
i
Enriched 75.00% (6/8) compared to the background populat 1.12407e
[ B B
1.32% (68/5134) 06
ennched 87.50% (/7/8) compared to the background populat .Y
. Lxplam
4.05% (208/5134) Vb
Ennched 87.50% (7/8) compared to the background populatic 3.49078e
Y F YL
5.75% (295/5134)
Stress Result p- value
3 Enriched 87.50% (7/8) compared to the backgro po atior
enr che d 87.50% f /8) compared to the background population | 0.000284348
8.01% (411/5134)
En d 87.50% (7/8) compared to the background populatior ~ AN :
enriched 87.50% (7/8) compared to the background population ol 10.00150344

10.44% (536/5134)




