Supplementary Information

1 The questionnaires for the experimental scientists

Here are the forms that were given to the experimental scientists:

e Consent Forms (Appendix A, E and G) - Since the questionnaires for the experimental sci-
entists were tailored for each scientist individually, they were sent the consent form first. We
made their individualised forms only after they consented to participate in this study.

e General (Appendix B) - This questionnaire was common for all the experimentalists. It had
questions about their background, familiarity with bioinformatics databases and software,
and their general perception of the gene ontology (GO) terms.

e Specific Form (Appendix C) - This questionnaire was engineered for each scientist based on
the proteins of their expertise. The participants were provided with function predictions
of four proteins - haemoglobin (chain alpha), P53 and two proteins of their expertise. We
ask them to classify each protein into one or more of these five categories: (i) “known”, (ii)
“useful”, (iii) “surprising, possible”, (iv) “surprising, doubtful”, and (v) “wrong”. The goal
was to assess how they would react to each prediction term produced by a state-of-the art
algorithm. Additionally, they were asked questions about the protein function prediction
task and how they approach it. In the questionnaire linked here, the specific proteins have
not been named to protect the privacy of the participants. They are referred to as ”Specific
Protein 1”7 and ”Specific Protein 2”.

e Comparative Form (Appendix D) - This form was designed to assess how the predictions
from the state-of-the art method would be perceived when compared to the predictions from
a baseline method. Only the specific proteins (”Specific Protein 1”7 and ”Specific Protein 2”)
were used in this form.

2 Questionnaires for the biocurators and the computational biol-
ogists

Please see the questionnaire for biocurators (Appendix H), and the questionnaire for the computa-
tional biologists (Appendix F). The consent forms are included at the beginning of these surveys.
These surveys are designed to ask the participants about their background, familiarity with bioin-
formatics databases and software, their perception of the Gene Ontology terms, how much they
interact with other communities and their views about CAFA. In addition to these common ques-
tions, each community also received some tailored questions.



S. No. Database URL (s)

1 UniProtKB [1] https://www.uniprot.org

2 Swiss-Prot [2] https://www.expasy.org/resources/uniprotkb-swiss-prot

3 GO [3, 4] http://geneontology.org
http://www.wwpdb.org

1 PDB [5, ] https://www.rcsb.org

5 Ensembl [7] https://useast.ensembl.org/index.html

6 Pfam [8] http://pfam.xfam.org

7 KEGG [9] https://www.genome.jp/kegg/pathway.html

8 CATH [10, 11] https://www.cathdb.info

9 SCOP [12, 13] https://scop.mrc-lmb.cam.ac.uk

10 BioGRID [14] https://thebiogrid.org

11 FlyBase [15, 16]  https://flybase.org

12 SGD [17] https://www.yeastgenome.org

13 WormBase [18]  https://wormbase.org/

14 BRENDA [19] https://www.brenda-enzymes.org

15 DisProt [20] https://disprot.org

16 PATRIC [21] https://www.patricbrc.org

Table 1: The list of software which were displayed to the participants when asked ”Here is a list of
some databases used in bioinformatics. Please indicate your level of familiarity with each one.”

S. No. Software URL

1 BLAST [22] https://blast.ncbi.nlm.nih.gov/Blast.cgi
2 CLUSTAL [23] http://www.clustal.org

3 UCSC Genome Browser [24, 25]  https://genome.ucsc.edu

4 MEGA [26] https://www.megasoftware.net

5 DNAStar https://www.dnastar.com

Table 2: The list of software which were displayed to the participants when asked ”Here is a list of

some software packages used in bioinformatics. Please indicate your level of familiarity with each

one.”

3 The Databases and Software listed in the surveys

To assess the familiarity of the participants with the field of bioinformatics, all the participants
were about their familiarity with bioinformatics databases and software. They were asked to rate
the databases (Table 1) and software (Table 2) as: 0 = “not familiar”, 1 = “heard of it”; 2 = “use
rarely”; 3 = “use sometimes” or 4 = “use frequently”.
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Appendix A - Experimentalists: Consent Form

Northeastern University, Khoury College of Computer Sciences
Name of Investigator(s): Prof. Predrag Radivojac

Title of Project: Assessing the usability and value of protein function prediction
algorithms

Sponsor: National Science Foundation
Information Sheet
Request to Participate in Research

We would like to invite you to participate in a web-based online survey. The survey is
part of a research study whose purpose is to understand the perception and utility of
computational protein function prediction methods for experimental scientists.

The surveys should take about 40 minutes to complete.

We are asking you to participate in this study because you are an experimental scientist
with expertise in specific proteins. You must be at least 18 years old to take this
survey.

The decision to participate in this research project is voluntary. You do not have to
participate and you can refuse to answer any question. Even if you begin the
web-based online survey, you can stop at any time.

There are no foreseeable risks or discomforts to you for taking part in this study.

There are no direct benefits to you from participating in this study. However, your
responses may help us learn more about how state-of-the-art protein function prediction
methods come across to on-the-field experts. It is hoped that this feedback shall be an
invaluable resource to the community of computational biologists.

As a token of our appreciation for completing the survey, you will receive a $10
Starbucks gift card by email after you have completed all 3 surveys.



Your part in this study will be handled in a confidential manner. No reports or
publications based on this research will identify you or any individual as being
affiliated with this project.

If you have any questions regarding electronic privacy, please feel free to contact
Mark Nardone, NU’s Director of Information Security via phone at 617-373-7901, or via
email at privacy@neu.edu.

If you have any questions about this study, please feel free to contact Rashika
Ramola (Email: ramola.r@husky.neu.edu), the person mainly responsible for the
research. You can also contact Prof. Predrag Radivojac (Email:
predrag@northeastern.edu), the Principal Investigator.

If you have any questions regarding your rights as a research participant, please
contact Nan C. Regina, Director, Human Subject Research Protection, Mail Stop:
560-177, 360 Huntington Avenue, Northeastern University, Boston, MA 02115. Tel:
617.373.4588, Email: n.regina@northeastern.edu. You may call anonymously if you
wish.

This study has been reviewed and approved by the Northeastern University
Institutional Review Board (#19-10-08).

By checking the “l consent” button below you are indicating that you consent to
participate in this study. Please print out a copy of this consent screen or
download a copy of the consent form for your records.

Thank you for your time.

Predrag Radivojac



Appendix B - Experimentalists: General Form

This survey should take between 30 minutes and 1 hour. Please mark the time to help
us see how long it took you.

Name (Optional)

Title (Optional)

Affiliated Institution(s): (Optional)

Note: The name, title and affiliated institution information will not be shared outside this research study
even if you provide it.

Fields of specialization (check all that apply):

Biology o
Chemistry o
Physics o
Medicine o
Mathematics o
Statistics o

Computer Science 0

Other 0

1.2. Years of experience in your area of specialization:

O 0-2



) 2-5
5-10

O 10 or more

X

Here is a list of some databases used in bioinformatics.

Please indicate your level of familiarity with each one.
0 - not familiar; 1- heard of it, never used; 2- use rarely
frequently

-—

UniProt
Swiss-Prot

Gene Ontology

Brenda

DisProt

Protein Data Bank
Pfam

KEGG

Protein Data Bank
Ensembl

PATRIC

FlyBase

SGD

WormBase

O 0O O 0O O o o o o o oo o o o -~
O 0O 0O 0O O o o o o o oo o o o

O 0 O 0O O o o o o o oo o o on»
O 0O O 0O O O O O o o oo O 0O 0 w

BiGRID

: 3- use sometimes; 4- use

O 0O O 0O O o O o o o oo o o o »



SCOP
CATH O O O O O

What other bioinformatics databases or knowledge bases do you use?

Do you use the annotations of gene/protein function (such as Gene Ontology terms or
Enzyme Commission numbers) in those databases for your research?

O Yes
O No

If yes to the previous question, do you consider the annotation’s Evidence Codes when
using those annotations in your research?

O Yes

O No

O What is Evidence Code?
O N/A

If yes to previous question, please answer the following two questions:

Have you ever used annotations with the “Inferred from Electronic Annotation (IEA)”
evidence code in your research?

O Yes
O No
O N/A

What evidence codes do you trust the most?




If you are familiar with Gene Ontology (GO) please answer the following three
questions. If not, skip to the next page.

How useful do you think is a GO annotation for an experimental scientist?
O 0 = not useful at all

O 1 = somewhat useful

O 2 = moderately useful

O 3 = very useful

How well do you think GO terms describe protein function?

O 0 = not well at all

O 1 = well enough

O 2 = very well

Do you have any further comments related to the previous two questions?

X

Familiarity with bioinformatics software
Here is a list of some software packages used in bioinformatics.
Please indicate your level of familiarity with each one.

0 - not familiar; 1- heard of it, never used; 2- use rarely; 3- use sometimes; 4- use
frequently



0 1 2 3 4
a. BLAST O O ] O O
b. DNAStar O O O O O
C. MEGA O O ) O O
d. Clustal @) O @) O O
e. UCSC Genome Browser O O O O O

What bioinformatics software(s) do you use?

Briefly describe the purpose for which you use these software packages.

Do you use any software for the purpose of understanding a protein’s function?

O Yes
O No

If yes, which software packages do you use:




Appendix C - Experimentalists: Specific Form

How well do you know the following proteins on a scale from 0 to 5, where 0 = no
knowledge at all and 5 = expert knowledge. Circle one number for each protein.

o 1 2 3 4
a. HBA1 (human) O O O O O
b. P53 (human) O O O O O
C. TPST1 (human) O O O O O
d. FOLR1 (human) O O O O O

There is a vast number of potential protein activities in and outside the cell. Gene
Ontology (GO) terms standardize the description of protein functions at the molecular
and biological level, in part to make the knowledge usable by computational methods.
There are three sub-ontologies in GO: MFO (Molecular Function Ontology), BPO
(Biological Process Ontology) and CCO (Cellular Component Ontology). Molecular
function is the function at the molecular level (e.g. “catalytic activity” or “sodium channel
activity”), biological process takes place at the level of pathways and biological

processes (e.g. “apoptosis”, “glycolysis”), whereas cellular component describes where
protein’s activity takes place (e.g. “nucleus”, “Golgi apparatus”).

In the next segment, you will be given ontological annotations for four proteins. Each
has annotations in MFO, BPO and CCO together with confidence scores. We will ask
you questions about these proteins.

The terms in GO are hierarchical. For example, “hydrolase activity” is a “catalytic
activity” and therefore the two terms are connected by a relationship is-a in the graph.

These relationships are visualized by arrows.

Gene Ontology terms for hPNPase (MFO sub-ontology)



molecular function

- catalytic
binding activity
nucleic acid protein hydrolase transferase
binding binding activity activity
- nuclease nucleotidytransferase
RNA binding activity activity
miRNA ssRNA ribonuclease exonuclease polyribonucleotide
binding binding activity activity nucleotidytransferase
activity
poly(G) poly(U) exoribonuclease 3'-5' exonuclease
RNAbinding RNA binding activity activity

exoribonuclease activity,
producing 5' phosphomonoesters

3'-5'-exoribonuclease
activity

Figure modified from: Radivojac et al. Large-scale evaluation of protein function
prediction. Nat. Methods. (2013) 10(3):221-227

X X

You will now be given a set of Gene Ontology terms (Biological Processes, Molecular Functions
and Cellular Components) for hemoglobin subunit alpha (HBA1) predicted by one protein
function prediction algorithm. Each term will be preceded by a confidence score. High score
indicates high confidence and low score indicates low confidence.

Please assign one or more of these categories to each Gene Ontology terms: Known (K),
Useful (U), Surprising, possible (P), Surprising, doubtful (D), Wrong (W).

Please mark terms (using, K, U, P, D and/or W) as

a. Known (K): This is a well-known function of this protein

b. Useful (U): | find this prediction to be worthy of a follow-up study or it confirms my
suspicion

c. Surprising, possible (P): | did not expect this prediction, but it's possible it is
correct

10



d. Surprising, doubtful (D): | did not expect this prediction, but | very much doubt it

is correct

e. Wrong (W): | believe this is a wrong prediction

Example:

Insulin-like growth factor 1 receptor (IGF1R) - Biological Process

Ontology
Known (K) | Useful (U) Surprising, Surprising, Wrong (W).
possible (P) doubtful (D)
0.91 glucose homeostasis v v
0.8 negative regulation of v v
apoptotic process
0.70 immune system process v

11



https://www.ebi.ac.uk/QuickGO/term/GO:0042593
https://www.ebi.ac.uk/QuickGO/term/GO:0043066
https://www.ebi.ac.uk/QuickGO/term/GO:0043066

HBA1 - Biological Process Ontology

0.92 metabolic_process

0.91 transport

0.87 response_to_stimulus

0.83 cellular_response_to_stimulus

0.83 cell_communication

0.82 nitrogen_compound_metabolic_process

0.81 cellular_nitrogen_compound_metabolic
process

Eégllation_of_nitmgen_compound_melabolic_
process

0.81 signaling

0.81 regulation_of_metabolic_process

0.8 establishment_of_localization_in_cell

0.8 cellular_metabolic_process

0.79 nucleobase-
containing_compound_metabolic_process

0.78 ion_transport
0.77 developmental_process
0.77 biosynthetic_process

0.77 heterocycle_metabolic_process

Known

O

O 00000

0000 0D 0000 O

Useful

O

O 00000

o000 0 00o00 0O

Surprising,
possible

O

O 00000

o000 0 0000 O

Possible,
doubtful

O

O 00000

ooo0o0 0 O0Oo0o0o0o 0O

Wrong

O

O 00000

O000 0 0000 O

12



0.76 regulation_of RNA_metabolic_process
0.76 organelle_organization

0.76 regulation_of_RNA_biosynthetic_process
0.75 cellular_localization

0.75 regulation_of_nucleic_acid-
templated_transcription

0.75 cellular_aromatic_compound_metabolic_
process

0.75 anatomical_structure_development

0.75 establishment_of_protein_localization

00 0 0O 0000

OO0 O O0 0000

OO0 O O 0000

00 0 0O 0000

OO0 0 O OoO0a0OBO

13



HBA1 - Cellular Component Ontology

Surprising, Surprising,

Known  Useful possible doubtful Wrong
0.96 intracellular_organelle |:| |:| D D |:|
0.96 cytoplasm O O O O O
pounded organdlle o o O o O
0.87 membrane O O O O O
0.85 mitochondrial_membrane O O O O O
0.84 mitochondrion O O O O O
0.84 macromolecular_complex |:| |:| D D |:|
0.81 nucleus O O O O O
0.77 ribosome O OJ O O O
0.76 protein_complex O O O O O
0.74 cytosol O O O O O
0.72 organelle_membrane O O O O O
0.72 mitochondrial_envelope O O O O O
0.7 nuclear_lumen O O O O O
0.64 nucleoplasm OJ OJ O O O
0.63 mitochondrial_inner_membrane OJ OJ O O O
0.62 integral_component_of_membrane O O O O O
0.57 extracellular_region |:| |:| D D D
0.56 intrinsic_component_of_membrane O O O O O
0.54 vesicle O O O O OJ
0.51 membrane-bounded_vesicle O O O O O

HBAA1 - Molecular Function Ontology

14



Surprising, Surprising,
Known  Useful possible doubtful Wrong

0.93 cytoskeletal_protein_binding O O O O O
0.85 receptor_binding OJ O O O O
0.85 protein_complex_binding O O O O O
0.84 tubulin_binding O O O O O
0.84 actin_binding O O O O O
0.82 organic_cyclic_compound_binding O O O O O
0.78 protein_domain_specific_binding |:| |:| |:| |:| D
0.76 microtubule_binding O O O O O
0.74 cation_binding O O O O O
0.72 RNA_binding O O O O O
0.68 transporter_activity OJ O O O O
0.66 catalytic_activity OJ O O O O
0.64 protein_heterodimerization_activity O O O O O
0.63 cell_adhesion_molecule_binding O O O O O
0.61 nucleoside-triphosphatase_activity O O O O O
0.61 protein_kinase_binding O O O O O
0.6 kinase_binding O O O O O
0.59 nucleic_acid_binding O O O O O
0.59 hydrolase_activity O O O O O

Is any functional information about these proteins missing? Please provide it if you are
aware of it.

15



There are a vast number of potential protein activities in and outside the cell. Gene
Ontology (GO) terms standardize the description of protein functions at the molecular
and biological level, in part to make the knowledge usable by computational methods.
There are three sub-ontologies in GO: MFO (Molecular Function Ontology), BPO
(Biological Process Ontology) and CCO (Cellular Component Ontology). Molecular
function is the function at the molecular level (e.g. “catalytic activity” or “sodium channel
activity”), biological process takes place at the level of pathways and biological

” “*

processes (e.g. “apoptosis”, “glycolysis”), whereas cellular component describes where

” o«

protein’s activity takes place (e.g. “nucleus”, “Golgi apparatus”).

In the next segment, you will be given ontological annotations for four proteins. Each
has annotations in MFO, BPO and CCO together with confidence scores. We will ask
you questions about these proteins.

The terms in GO are hierarchical. For example, “hydrolase activity” is a “catalytic
activity” and therefore the two terms are connected by a relationship is-a in the graph.

These relationships are visualized by arrows.

Gene Ontology terms for hPNPase (MFO sub-ontology)
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molecular function

- catalytic
binding activity
nucleic acid protein hydrolase transferase
binding binding activity activity
RNA bindin nuclease nucleotidytransferase
9 activity activity
miRNA ssRNA ribonuclease exonuclease polyribonucleotide
binding binding activity activity nucleotidytransferase
activity
poly(G) poly(U) exoribonuclease 3'-5' exonuclease
RNAbinding  RNA binding activity activity

exoribonuclease activity,
producing 5' phosphomonoesters

3'-5'-exoribonuclease
activity

Figure modified from: Radivojac et al. Large-scale evaluation of protein function
prediction. Nat. Methods. (2013) 10(3):221-227

X X

You will now be given a set of Gene Ontology terms (Biological Processes, Molecular Functions
and Cellular Components) for tumor protein (P53) predicted by one protein function prediction
algorithm. Each term will be preceded by a confidence score. High score indicates high
confidence and low score indicates low confidence.

Please assign one or more of these categories to each Gene Ontology terms: Known (K),
Useful (U), Surprising, possible (P), Surprising, doubtful (D), Wrong (W).

Please mark terms (using, K, U, P, D and/or W) as

a. Known (K): This is a well-known function of this protein

b. Useful (U): | find this prediction to be worthy of a follow-up study or it confirms my
suspicion

c. Surprising, possible (P): | did not expect this prediction, but it's possible it is
correct

d. Surprising, doubtful (D): | did not expect this prediction, but | very much doubt it
is correct

17



e. Wrong (W): | believe this is a wrong prediction

Example:

Insulin-like growth factor 1 receptor (IGF1R) - Biological Process
Ontology

Known (K) | Useful (U) Surprising, Surprising, Wrong (W).
possible (P) doubtful (D)
0.91 glucose homeostasis v v
0.8 negative regulation of v v
apoptotic process
0.70 immune system process v
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P53 - Biological Process Ontology

0.94 regulation_of_metabolic_process
0.93 cellular_metabolic_process

0.91 regulation_of_gene_expression
0.91 metabolic_process

0.88 cellular_nitrogen_compound_
metabolic_process

0.88
cellular_macromolecule_biosynthetic_process

0.87 BNA_splicing

0.86
regulation_of_RNA_biosynthetic_process

0.86 cell_communication
0.86 nitrogen_compound_metabolic_process

0.86 cellular_aromatic_compound_
metabolic_process

0.85 heterocycle_metabolic_process
0.85 gene_expression

0.85 nucleobase-
containing_compound_metabolic_process

0.84 biosynthetic_process

0.83 regulation_of_nucleic_acid-
templated_transcription

0.82 regulation_of_nitrogen_compound_
metabolic_process

Known

O

O 0o o000 O0o0ooO0D0 000 O0ooao

Useful

O

O 00000000 O0Oo0o0 0oooao

Surprising,
possible

O

0o 00000 0oo0oo0 o000 0oboboo

Surprising,
doubtful

O

0o 00000 O0OO0OD0OO0OO0OO0O OboOoobao

Wrong

O

0o 00000 O0OO0OD0OO0OO0OO0O OboOoobao
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0.81 response_to_stimulus

0.8 signal_transduction

0.8 signaling

0.8 cellular_response_to_stimulus

0.78 RNA_metabolic_process

0.77 developmental_process

0.77 macromolecule_biosynthetic_process

0.76 regulation_of _RNA_metabolic_process

P53 - Cellular Component Ontology

0.94 intracellular_organelle

0.9 intracellular_membrane-bounded_
organelle

0.85 nuclear_lumen

0.85 nucleus

0.82 nucleolus

0.81 cytoplasm

0.78 nucleoplasm

0.76 macromolecular_complex
0.72 cytosol

0.69 protein_complex

0.57 spliceosomal_complex

0.55 nuclear_body

P53 - Molecular Function Ontology

Known

O

o000 O0OO00O000 O

O000000a0

O

O00O00OO0OO000O0 O

O00000O0a0

Useful

Surprising,
possible

O

ODOo0O0OO000000a0

ODOoOO0OO0DO0O00OAO0

O00000O0a0

Surprising,
doubtful

O

ODOo0O0OO000000a0

O00000O0a0

O

OO00000OO0OO0O0O0 O

Wrong
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Surprising,  Surprising,

Known Useful possible doubtful Wrong
0.97 nucleic_acid_binding O O O OJ O
0.95 organic_cyclic_compound_binding O O O O O
0.92 nucleotide_binding O O O O O
0.91 adenyl_nucleotide_binding O O O O O
0.89 F|NA_ponmerase_lI_transcript_ion_
ONA binding_anserption. -~ 0 O 0 0 O
factor_activity_involved_in_positive_
regulation_of_transcription
0.87 small_molecule_binding O O O O O
0.87 DNA_binding O O O OJ O
0.87 receptor_binding O O O O O
0.8 metal_ion_binding O O O O O
0.8 transition_metal_ion_binding O O O O O
0.76 cation_binding O O O OJ O
0.73 RNA_binding O O O OJ O
transarption. factor actty 0 O O O O
0.68 kinase_binding O O O OJ O
0.67 protein_complex_binding O O O O O
0.67 sequence-specific_DNA_binding O O O O O
0.66 poly(A)_RNA_binding O O O O O
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0.65 protein_heterodimerization_activity

0.64 nucleic_acid_binding_transcription_
factor_activity

0.6 transcription_factor_binding
0.58 purine_nucleoside_binding

0.57 sequence-specific_DNA_binding_
RMA_polymerase_l|_transcription_
factor_activity

0.56 cytoskeletal_protein_binding

0.55
RMA_polymerase_ll_core_promoter_
proximal_region_sequence-
specific_DNA_binding_
transcription_factor_activity_involved_in_
positive_regulation_of_transcription

0.53 protein_kinase_binding

o O OO0 0 0

O

o O OO0 0 0

O

o O OO0 0 0

O

o 0O OO0 0 0O

O

O 0 OO0 0 O

Is any functional information about these proteins missing? Please provide it if you are
aware of it.

X

X

You will now be given a set of Gene Ontology terms (Biological Processes, Molecular Functions

and Cellular Components) for Tyrosylprotein Sulfotransferase 1 (TPST1) predicted by one
protein function prediction algorithm. Each term will be preceded by a confidence score. High
score indicates high confidence and low score indicates low confidence.
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Please assign one or more of these categories to each Gene Ontology terms: Known (K),
Useful (U), Surprising, possible (P), Surprising, doubtful (D), Wrong (W).

Please mark terms (using, K, U, P, D and/or W) as

Q

. Known (K): This is a well-known function of this protein
b. Useful (U): | find this prediction to be worthy of a follow-up study or it confirms my

suspicion

c. Surprising, possible (P): | did not expect this prediction, but it's possible it is
correct

d. Surprising, doubtful (D): | did not expect this prediction, but | very much doubt it
is correct

e. Wrong (W): | believe this is a wrong prediction

Example:

Insulin-like growth factor 1 receptor (IGF1R) - Biological Process
Ontology

Known (K) | Useful (U) Surprising, Surprising, Wrong (W).
possible (P) doubtful (D)
0.91 glucose homeostasis v v
0.8 negative regulation of v v
apoptotic process
0.70 immune system process v/
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https://www.ebi.ac.uk/QuickGO/term/GO:0042593
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TPST1 - Biological Process Ontology

0.92 cellular_metabolic_process
0.91 response_to_stimulus

0.9 biosynthetic_process

0.89 metabolic_process

0.83 cellular_response_to_stimulus
0.81 signal_transduction

0.79
cellular_macromolecule_biosynthetic_process

0.79 developmental_process

0.77 signaling

0.76 small_molecule_metabolic_process
0.76 oxidation-reduction_process

0.72 regulation_of_metabolic_process
0.72 anatomical_structure_development
0.71 protein_metabolic_process

0.69 carboxylic_acid_metabolic_process
0.68 cell_communication

0.67 cellular_protein_metabolic_process
0.67 multicellular_organismal_development

0.66 nitrogen_compound_metabolic_process

Known

O

oo0oo0oo0oo0o0o0o0oDO0O0O0D0 ODOoOODoOooOao

Useful

O

o000 0O0O0O0OO0O0O0O0 O O0OO0OO0O0Oa0O

Surprising,
possible

O

OO0O0O00O0O0O0OO0O00O0 O 0OO00o0oao

Surprising,
doubtful

O

O0000O0O0O0OO0O00O0 O 0OO00o0oao

Wrong

O

OO0O000O0O0O0OO0O00O0 O 0Oo00o0oao
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0.65 transport

0.65
positive_regulation_of_metabolic_process

0.61
regulation_of_nitrogen_compound_metabolic_
process

0.59 cell_differentiation

0.58 organic_acid_metabolic_process

0.58 cellular_protein_modification_process

0 Od

000 O

O O

o000 0O

O O

o000 0O

O O

o000 0O

O 0O

o000 0O

25



TPST1 - Cellular Component Ontology

0.97 membrane
0.96 integral_component_of_membrane
0.96 intracellular_organelle

0.93 intracellular_membrane-
bounded_organelle

0.92 cytoplasm

0.88 organelle_membrane

0.87 Golgi_membrane

0.85 intrinsic_component_of_membrane
0.79 mitochondrial_envelope

0.79 mitochondrial_membrane

0.78 extracellular_region

0.77 endoplasmic_reticulum_membrane
0.76 mitochondrion

0.74 endomembrane_system

0.74 bounding_membrane_of_organelle

0.74 nuclear_outer_membrane-
endoplasmic_reticulum_membrane_network

0.73 mitochondrial_inner_membrane

0.66 endoplasmic_reticulum

Known

O

o0 000000000000 O 0o

Useful

O

o0 0 00000000 oo0 o o0oaao

Surprising,
possible

O

o0 0000000000 o00 0o o000

Surprising,
doubtful

O

o0 000000000000 O 0o

Wrong

O

o0 0 00000000 oo0 o o0oaao
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0.62 vesicle

0.58 plasma_membrane

0.55 membrane-bounded_vesicle
0.55 Golgi_apparatus

0.52 protein_complex

0.51 extracellular_vesicular_exosome

Oo00000

O0000a0

OoO0oo0o0oo0oao

O0000A0O0

OO0000AO0
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TPST1 - Molecular Function Ontology

g‘fl?sferase_activity_transferring_hexosyl_
groups

0.94 catalytic_activity

0.93 metal_ion_binding

0.92 iron_ion_binding

0.89 transferase_activity

0.89 organic_cyclic_compound_binding
0.86 oxidoreductase_activity

0.78 cation_binding

0.77 adenyl_nucleotide_binding

0.74 heme_binding

0.7
transferase_activity_transferring_glycosyl_
groups

0.71 nucleoside_binding

0.68 purine_nucleoside_binding

0.67 receptor_binding

0.67 small_molecule_binding

0.65
oxidoreductase_activity_acting_on_paired_

donors

0.64 ribonucleoside_binding

Known

O

0O 0 0000 O OoOOO0OO0OO0OO0OD0O00O

Useful

O

o 0O 0000 O O0oOOO0oOO0ODOO0ODbOO0OaO

Surprising,
possible

O

0O 0 0000 O OoOOO0OO0OO0OO0OD0O00O

Surprising,
doubtful

O

O 0 0000 O OoO0oO0OO0OO0oO0Oo0oo0oao

Wrong

O

O 0 0000 O OoO0oO0OO0OO0oO0Oo0oo0oao
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0.64 nucleotide_binding

0.60 protein_complex_binding
0.60 ATP_binding

0.59 hydrolase_activity

0.55 purine_nucleotide_binding

0.51
purine_ribonucleoside_triphosphate_binding

0O 00000
0O 00000
0O 00000
O 000O0~O0O
0O 00000

Is any functional information about these proteins missing? Please provide it if you are
aware of it.

X X

You will now be given a set of Gene Ontology terms (Biological Processes, Molecular Functions
and Cellular Components) for folate receptor 1 (FOLR1) predicted by one protein function
prediction algorithm. Each term will be preceded by a confidence score. High score indicates
high confidence and low score indicates low confidence.

Please assign one or more of these categories to each Gene Ontology terms: Known (K),
Useful (U), Surprising, possible (P), Surprising, doubtful (D), Wrong (W).

Please mark terms (using, K, U, P, D and/or W) as

a. Known (K): This is a well-known function of this protein

b. Useful (U): | find this prediction to be worthy of a follow-up study or it confirms my
suspicion

c. Surprising, possible (P): | did not expect this prediction, but it's possible it is
correct
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d. Surprising, doubtful (D): | did not expect this prediction, but | very much doubt it

is correct

e. Wrong (W): | believe this is a wrong prediction

Example:

Insulin-like growth factor 1 receptor (IGF1R) - Biological Process

Ontology
Known (K) | Useful (U) Surprising, Surprising, Wrong (W).
possible (P) doubtful (D)
0.91 glucose homeostasis v v
0.8 negative regulation of v v
apoptotic process
0.70 immune system process v
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FOLR1 - Biological Process Ontology

gfl?sferase_activity_transferring_hexosyl_
groups

0.94 catalytic_activity

0.93 metal_ion_binding

0.92 iron_ion_binding

0.89 transferase_activity

0.89 organic_cyclic_compound_binding
0.86 oxidoreductase_activity

0.78 cation_binding

0.77 adenyl_nuclectide_binding

0.74 heme_binding

0.71
transferase_activity_transferring_glycosyl_
groups

0.71 nucleoside_binding

0.68 purine_nucleoside_binding

0.67 receptor_binding

0.67 small_molecule_binding

0.65

oxidoreductase_activity_acting_on_paired_
donors

Known

O

0O D000 0O OoDOOoDOO0O0O0On0b

Useful

O

O 0000 O ODOoO0oO0OO0OO0OO0o0Oaon

Surprising,
possible

O

O 0000 0O ODOoO0o0OO0OO0O0o0Oa0n

Surprising,
doubtful

O

O 0000 O ODOoO0oO0OO0OO0OO0o0Oaon

Wrong

O

O 0000 O ODOoO0oO0OO0OO0OO0o0Oaon
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0.64 ribonucleoside_binding
0.64 nucleotide_binding

0.60 protein_complex_binding
0.60 ATP_binding

0.59 hydrolase_activity

0.55 purine_nucleotide_binding

0.51
purine_ribonucleoside_triphosphate_binding

O 000000

O OD0000OaO0

O 000000

O OD0000OaO0

O OD0000OaO0
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FOLR1 - Cellular Component Ontology

Surprising, Surprising,

Known Useful possible doubtful Wrong
0.97 intrinsic_component_of_membrane O O O O OJ
0.95 membrane O O O O O
0.92 integral_component_of_membrane O O O O O
0.91 extracellular_region O O O O O
0.89 plasma_membrane O O O O O
0.88 cell_periphery O O O O O
0.85 cytoplasm O O O O O
0.85 vesicle O O O O O
0.84 extracellular_vesicular_exosome O O O O O
D e emrane oo o o O
0.81 organelle_membrane O O O O O
iurll.tae%raI_component_of_plasma_membrane O O o O O
0.80 intracellular_organelle O O O O O
0.76 endomembrane_system O O O O O
0.75 extracellular_space O d O O O
0.75 membrane-bounded_vesicle O d O O O
iulll.t-::?nsic_component_of_plasma_membrane O O o O O
0.73 external_side_of_plasma_membrane O O O O O
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0.66 endoplasmic_reticulum

0.56 Golgi_membrane

0.53 bounding_membrane_of_organelle
0.51 cell_surface

0.51 cytoplasmic_vesicle

O0000

O0000

OO000OA0

O 0000

O00O0AO0
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FOLR1 - Molecular Function Ontology

0.95 metal_ion_binding

0.95 zinc_ion_binding

0.94 catalytic_activity

0.89 growth_factor_activity

0.89 G-protein_coupled_receptor_binding
0.85 receptor_binding

0.83 cytokine_activity

0.82
transferase_activity_transferring_glycosyl_
groups

0.81 receptor_activity

0.80 cation_binding

0.77 organic_cyclic_compound_binding
0.75 glycosaminoglycan_binding

0.74 hydrolase_activity

0.74 transferase_activity

0.71 small_molecule_binding

0.70
transferase_activity_transferring_glycosyl_
groups

0.69 transporter_activity

0.65 protein_complex_binding

0.62 transition_metal_ion_binding

Known

O

ooo0 0 O0O0Oooooo O OO0OO0OoOooao

Useful

O

o000 0 ODo0O0oo0OO000 O oboboDoaohob

Surprising,
possible

O

ooo0 0 O0O0Oooooo O OO0OO0OoOooao

Surprising,
doubtful

O

o000 0 OO0O0OO0OO0OO0O0 O OOoO0ODO0Oo6ob

Wrong

O

ooo0 0 O0O0Oooooo O OO0OO0OoOooao
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0.62 enzyme_regulator_activity O O O O O
0.57 hydrolase_activity_acting_on_ester_
bondsactivity O O O O O

Is any functional information about these proteins missing? Please provide it if you are
aware of it.

How would you describe these predictions?

Do you think the algorithm has done a good job?

Do you think the scores given to terms by the software were reasonable?
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Would you prefer to see these predictions in a graphical format, that also provides
visualization of the ontology? (see Figure 1)

When investigating the function of a particular protein, what do you do? Describe
databases you use and generally the steps you take. If you use any algorithms, tools, or
web site, please mention those as well.

If there was an ideal algorithm, how should it communicate protein function to you?
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Appendix D - Experimentalists: Comparative Form

In this segment, you will see up to 25 Gene Ontology (GO) predictions for TPST1 and FOLR1
from two algorithms. Algorithm 1 is the same one you saw in the previous section. Algorithm 2 is
different. After showing these predictions, we will ask you a few questions to compare the two
algorithms.

Protein: TPST1 in human
Ontology: Biological Process Ontology (BPO)

Algorithm 1 Algorithm 2
0.92 cellular_metabolic_process 1 biological_process
0.91 response_to_stimulus 0.88 cellular process
0.9 biosynthetic_process 0.75 metabolic process
0.89 metabolic_process 0.71 cellular metabolic process
, organic substance
0.83 cellular_response_to_stimulus 0.7 ,
metabolic process
0.81 signal_transduction 0.62 primary metabolic process
cellular_macromolecule_ nitrogen compound
0.79 , . 0.59 .
biosynthetic_process metabolic process
0.79 developmental_process 0.46 biosynthetic process
) ) organonitrogen compound
0.77 signaling 0.46 ,
metabolic process
small_molecule_metabolic_ organic substance
0.76 0.46 , .
process biosynthetic process
L . cellular nitrogen compound
0.76 oxidation-reduction_process 0.45 ;
metabolic process
. . cellular biosynthetic
0.72 regulation_of_metabolic_process 0.45
process
. macromolecule metabolic
0.72 anatomical_structure_development 0.4
process
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organonitrogen compound

0.71 protein_metabolic_process 0.35 , .
biosynthetic process
carboxylic_acid_metabolic_ cellular macromolecule
0.69 0.34 ,
process metabolic process
L organic cyclic compound
0.68 cell_communication 0.34

metabolic process

cellular_protein_metabolic_ cellular aromatic compound
0.67 0.32

process metabolic process

multicellular_organismal_ heterocycle metabolic

0.67 0.32
development process
0.66 nitrogen_compound_ 0.3 cellular nitrogen compound
' metabolic_process ' biosynthetic process
small molecule metabolic
0.65 transport 0.29
process
positive_regulation_of_ single-organism metabolic
0.65 , 0.29
metabolic_process process
lat £ nit nucleobase-containing
regulation_of_nitrogen
0.61 g o gen- 0.26 compound metabolic
compound_metabolic_process
process
0.59 cell_differentiation 0.24 gene expression
, , , macromolecule biosynthetic
0.58 organic_acid_metabolic_process 0.23

process

cellular_protein_ . .
0.58 - 0.23 protein metabolic process
modification_process

How would you rate Algorithm 1 and Algorithm 2 based on the quality of predictions,
quality of assigned scores and the completeness of predictions? The ratings are on a
scale of 1 to five, where 1 = terrible, 2 = unsatisfactory, 3 = good, 4 = very good, 5 =
excellent.



Quality of predictions on a
scaleof1to 5

1 2 3 4 5 1

OO O0OO0OO0 O
O OO0 O0OO0 O

Algorithm 1

Algorithm 2

Protein: TPST1 in human
Ontology: Cellular Component Ontology (CCO)

Qualtiy of allotted scores on a
scaleof1to5

2 3 4 5
O O O O
O O O O

Completeness of predictions on a
scaleof1to5

1 2 3 4 5
© O O O O
© O O O O

Algorithm 1 Algorithm 2
0.97 membrane 1 cellular_component
0.96 integral_component_of_membrane 0.75 intracellular
0.96 intracellular_organelle 0.75 cell
intracellular_membrane-
0.93 0.75 cell part
bounded_organelle

0.92 cytoplasm 0.56 cytoplasm
0.88 organelle_membrane 0.56 intracellular part
0.87 Golgi_membrane 0.39 organelle
0.85 intrinsic_component_of_membrane 0.38 intracellular organelle
0.79 mitochondrial_envelope 0.3 membrane

) ) membrane-bounded
0.79 mitochondrial_membrane 0.26

organelle
, intracellular membrane-
0.78 extracellular_region 0.24
bounded organelle

0.77 endoplasmic_reticulum_membrane 0.2 integral to membrane
0.76 mitochondrion 0.2 intrinsic to membrane
0.74 endomembrane_system 0.2 macromolecular complex
0.74 bounding_membrane_of_organelle 0.2 membrane part
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nuclear_outer_membrane- b bounded
non-membrane-bounde

0.74 endoplasmic_reticulum_ 0.19

organelle

membrane_network
intracellular non-

0.73 mitochondrial_inner_membrane 0.19 membrane-bounded

organelle
0.66 endoplasmic_reticulum 0.19 cell periphery
0.62 vesicle 0.18 plasma membrane
0.58 plasma_membrane 0.12 nucleus
0.55 membrane-bounded_vesicle 0.12 ribosome
0.55 Golgi_apparatus 0.12 ribonucleoprotein complex
0.52 protein_complex 0.12 cytoplasmic part
0.51 extracellular_vesicular_exosome 0.09 extracellular region

How would you rate Algorithm 1 and Algorithm 2 based on the quality of predictions,
quality of assigned scores and the completeness of predictions? The ratings are on a
scale of 1 to five, where 1 = terrible, 2 = unsatisfactory, 3 = good, 4 = very good, 5 =
excellent.

Quality of predictions on a Qualtiy of allotted scores on a Completeness of predictions on a
scaleof1to5 scaleof 1105 scaleof1to5

1 2 3 4 b5 1 1

2 3 4 5 2 3 4 5
agmt O O O O O O O O O OO O O O O
agimz O O O O O O O O O OO O O O O

Protein: TPST1 in human
Ontology: Molecular Function Ontology (MFO)



Algorithm 1

Algorithm 2

transferase_activity_transferring_

0.96 1 molecular_function
hexosyl_groups
0.94 catalytic_activity 0.7 binding
0.93 metal_ion_binding 0.64 catalytic activity
, ) o organic cyclic compound
0.92 iron_ion_binding 0.49 L
binding
o heterocyclic compound
0.89 transferase_activity 0.49 L
binding
0.89 organic_cyclic_compound_binding 0.45 ion binding
0.86 oxidoreductase_activity 0.28 small molecule binding
0.78 cation_binding 0.27 cation binding
0.77 adenyl_nucleotide_binding 0.26 nucleotide binding
0.74 heme_binding 0.26 nucleic acid binding
transferase_activity_transferring_ . o
0.71 0.26 anion binding
glycosyl_groups
0.71 nucleoside_binding 0.26 metal ion binding
. . o nucleoside phosphate
0.68 purine_nucleoside_binding 0.26 -
binding
0.67 receptor_binding 0.24 transferase activity
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carbohydrate derivative

0.67 small_molecule_bindin 0.23
- ~oinding binding

oxidoreductase_activity_
acting_on_paired_donors_ , . _—
0.65 s . . 0.22 purine nucleotide binding

with_incorporation_or_reduction

_of _molecular_oxygen

0.64 ribonucleoside_binding 0.22 ribonucleotide binding
. L purine ribonucleotide
0.64 nucleotide_binding 0.22 .
binding
0.6 rotein_complex_bindin 0.21 purine ribonucleoside
) P -complex_ 9 ’ triphosphate binding
0.6 ATP_binding 0.19 nucleoside binding
0.59 hydrolase_activity 0.19 purine nucleoside binding
0.55 purine_nucleotide_binding 0.19 ATP binding
purine_ribonucleoside_triphosphate_ o
0.51 binding 0.19 hydrolase activity

How would you rate Algorithm 1 and Algorithm 2 based on the quality of predictions,
quality of assigned scores and the completeness of predictions? The ratings are on a
scale of 1 to five, where 1 = terrible, 2 = unsatisfactory, 3 = good, 4 = very good, 5 =
excellent.

Quality of predictions on a Qualtiy of allotted scores on a Completeness of predictions on a
scaleof1tob scale of 1105 scaleof1tob
1 2 3 4 5 1 2 3 4 b 1 2 3 4 5
agrinmt O O O O O O O O O O O O O O O
aginm2 O O O O O O O O O O O O O O O

Protein: FOLR1 in human
Ontology: Biological Process Ontology (BPO)



Algorithm 1

Algorithm 2

0.94 response_to_stimulus 1 biological_process
0.84 signal_transduction 0.88 cellular process
0.84 cellular_response_to_stimulus 0.75 metabolic process
0.81 developmental_process 0.71 cellular metabolic process
. organic substance
0.81 metabolic_process 0.7 .
metabolic process
0.79 transport 0.62 primary metabolic process
nitrogen_compound_metabolic_ nitrogen compound
0.78 0.59 .
process metabolic process
0.78 anatomical_structure_development 0.46 biosynthetic process
. , organonitrogen compound
0.76 regulation_of_metabolic_process 0.46 -
metabolic process
multicellular_organismal_ organic substance
0.76 0.46 . :
development biosynthetic process
. . cellular nitrogen compound
0.75 signaling 0.45 )
metabolic process
) cellular biosynthetic
0.75 cellular_metabolic_process 0.45
process
cell_surface_receptor_signaling macromolecule metabolic
0.73 0.4

_pathway

process
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Protein: FOLR1 in human
Ontology: Cellular Component Ontology (CCO)

0.75 extracellular_space 0.2 membrane part
) non-membrane-bounded
0.75 membrane-bounded_vesicle 0.19
organelle
0.74 intrinsic_component_of_plasma 0.19 intracellular non-membrane-
) _membrane ’ bounded organelle
0.73 external_side_of plasma_ 0.19 " inh
. . cell periphe
membrane peripnery
0.66 endoplasmic_reticulum 0.18 plasma membrane
0.56 Golgi_membrane 0.12 nucleus
0.53 bounding_membrane_of_organelle 0.12 ribosome
0.51 cell_surface 0.12 ribonucleoprotein complex
0.51 cytoplasmic_vesicle 0.12 cytoplasmic part

How would you rate Algorithm 1 and Algorithm 2 based on the quality of predictions,
quality of assigned scores and the completeness of predictions? The ratings are on a
scale of 1 to five, where 1 = terrible, 2 = unsatisfactory, 3 = good, 4 = very good, 5 =
excellent.

Quality of predictions on a Qualtiy of allotted scores on a Completeness of predictions on a
scaleof1tob scaleof 1105 scaleof1tod

1 2 3 4 5 1 1

2 3 4 5
agitmt | O O O O O O O O O O
O O O O

2 3 4 5
O O O O
agiim2 | O O O O O O O O O O

O
O

Protein: FOLR1 in human
Ontology: Molecular Function Ontology (MFO)



Algorithm 1

Algorithm 2

0.95 metal_ion_binding 1 molecular_function
0.95 zinc_ion_binding 0.7 binding
0.94 catalytic_activity 0.64 catalytic activity
» organic cyclic compound
0.89 growth_factor_activity 0.49 L
binding
G-protein_coupled_ . o
0.89 L 0.49 heterocyclic compound binding
receptor_binding
0.85 receptor_binding 0.45 ion binding
0.83 cytokine_activity 0.28 small molecule binding
transferase_activity
0.82 transferring 0.27 cation binding
_glycosyl_groups

0.81 receptor_activity 0.26 nucleotide binding
0.8 cation_binding 0.26 nucleic acid binding

organic_cyclic_compound_ . -
0.77 o 0.26 anion binding

binding

0.75 glycosaminoglycan_binding 0.26 metal ion binding
0.74 hydrolase_activity 0.26 nucleoside phosphate binding
0.74 transferase_activity 0.24 transferase activity

46



0.71 small_molecule_binding 0.23 carbohydrate derivative binding

transferase_activity
0.7 transferring 0.22 purine nucleotide binding
_hexosyl_groups

0.69 transporter_activity 0.22 ribonucleotide binding

0.65 protein_complex_binding 0.22 purine ribonucleotide binding

purine ribonucleoside

0.62 transition_metal_ion_bindin 0.21
- - g triphosphate binding

0.62 enzyme_regulator_activity 0.19 nucleoside binding

hydrolase_activity_acting_on_ . . -
0.57 0.19 purine nucleoside binding
ester_bonds

How would you rate Algorithm 1 and Algorithm 2 based on the quality of predictions,
quality of assigned scores and the completeness of predictions? The ratings are on a
scale of 1 to five, where 1 = terrible, 2 = unsatisfactory, 3 = good, 4 = very good, 5 =
excellent.

Quality of predictions on a Qualtiy of allotted scores on a Completeness of predictions on a
scaleof1tob scale of 1to 5 scaleof1tob

1 2 3 4 5,1 2 3 4 5 2 3 4 5
agimt O O O O O O O O O OO O O O O
agitmz O O O O O O O O O OO O O O O

1

Do you have any other comments about performance of the two algorithms when
compared to each other?
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Appendix E - Computational Biologists: Consent
Form

Northeastern University, Khoury College of Computer Sciences
Name of Investigator(s): Prof. Predrag Radivojac

Title of Project: Assessing the usability and value of protein function prediction
algorithms

Sponsor: National Science Foundation

Information Sheet

Request to Participate in Research

We would like to invite you to participate in a web-based online survey. The survey is
part of a research study whose purpose is to understand the perception and utility of
computational protein function prediction methods.

The surveys should take about 15 minutes to complete.

We are asking you to participate in this study because you are a computational biologist
with experience in building bioinformatics tools. You must be at least 18 years old to
take this survey.

The decision to participate in this research project is voluntary. You do not have to
participate and you can refuse to answer any question. Even if you begin the
web-based online survey, you can stop at any time.
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There are no foreseeable risks or discomforts to you for taking part in this study.

There are no direct benefits to you from participating in this study. However, your
responses may help us learn more about the approach of computational biologists
towards the development of tools for protein function prediction. It is hoped that this
feedback shall be an invaluable resource to the community of computational biologists.

As a token of our appreciation for completing the survey, you will receive a $10
Starbucks gift card by email after you have completed all 3 surveys.

Your part in this study will be handled in a confidential manner. No reports or
publications based on this research will identify you or any individual as being
affiliated with this project.

If you have any questions regarding electronic privacy, please feel free to contact
Mark Nardone, NU’s Director of Information Security via phone at 617-373-7901, or via
email at privacy@neu.edu.

If you have any questions about this study, please feel free to contact Rashika
Ramola (Email: ramola.r@husky.neu.edu), the person mainly responsible for the
research. You can also contact Prof. Predrag Radivojac (Email:
predrag@northeastern.edu), the Principal Investigator.

If you have any questions regarding your rights as a research participant, please
contact Nan C. Regina, Director, Human Subject Research Protection, Mail Stop:
560-177, 360 Huntington Avenue, Northeastern University, Boston, MA 02115. Tel:
617.373.4588, Email: n.regina@northeastern.edu. You may call anonymously if you
wish.
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This study has been reviewed and approved by the Northeastern University
Institutional Review Board (#19-10-08).

By checking the “l consent” button below you are indicating that you consent to
participate in this study. Please print out a copy of this consent screen or
download a copy of the consent form for your records.

Thank you for your time.

Predrag Radivojac
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Appendix F - Computational Biologists: General
Form

This survey should take no more than 30 minutes. Please mark the time to help us see

how long it took you.

Name (Optional)

Title (Optional)

Affiliated Institution(s): (Optional)

Note: The name, title and affiliated institution information will not be shared outside this research study
even if you provide it.

Fields of specialization (check all that apply):

Biology o
Chemistry o
Physics o
Medicine o
Mathematics o
Statistics o

Computer Science 0

Other 0
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1.2. Years of experience in your area of specialization:

0-2
2-5

5-10

O O O O

10 or more

X X
Here is a list of some databases used in bioinformatics.

Please indicate your level of familiarity with each one.
0 - not familiar; 1- heard of it, never used; 2- use rarely; 3- use sometimes; 4- use
frequently

0o 1 2 3 4
UniProt O O O O O
Swiss-Prot O O O O O
Gene Ontology O O O O O
Brenda O O O O O
DisProt O O O O O
Protein Data Bank O O O O O
Pfam O O O O O
KEGG O O O O O
Protein Data Bank O O O O O
Ensembl O O O O O
PATRIC O O O O O
FlyBase O O O O O
SGD O O O O O



WormBase O O O O O
BiGRID O O O O O
SCOP O O O O O
CATH O O O O O

What other bioinformatics databases or knowledge bases do you use?

Do you use the annotations of gene/protein function (such as Gene Ontology terms or
Enzyme Commission classification numbers) in those databases for your research?

O Yes
O No

If yes to the previous question, do you consider the annotation’s Evidence Codes when
using those annotations in your research?

O Yes

O No

O What is an Evidence Code?
O N/A

If yes to previous question, please answer the following two questions:

Have you ever used annotations with the “Inferred from Electronic Annotation (IEA)”
evidence code in your research?

O Yes
O No
O N/A

What evidence codes do you trust the most?
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If you are familiar with Gene Ontology (GO) please answer the following three
questions. If not, skip to the next page.

How useful do you think is a GO annotation for an experimental scientist?
O 0 = not useful at all

O 1 = somewhat useful

O 2 = moderately useful

O 3 = very useful

How well do you think GO terms describe protein function?

O 0 = not well at all

O 1 = well enough

O 2 = very well

Do you have any further comments related to the previous two questions?

X X

Familiarity with bioinformatics software

Below is a list of some software packages used in bioinformatics. Please indicate your
level of familiarity with each one.

0 - not familiar; 1- heard of it, never used; 2- use rarely; 3- use sometimes; 4- use
frequently
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0 1 2 3 4
a. BLAST O O ] O O
b. DNAStar O O O O O
C. MEGA O O ) O O
d. Clustal O O ) O O
e. UCSC Genome Browser O O O O O

Which bioinformatics software(s) do you use?

Briefly describe the purpose for which you use these software packages.

Do you use any software for the purpose of understanding a protein’s function?

O Yes
O No

If yes, which software packages do you use:
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What types of bioinformatics software does your lab develop?

Who do you think are the users of these bioinformatics tools?

Please assess your level of interaction with experimental scientists when you write
software

O 0 = Not at all

@) 1 = Minor

O 2 = Occasional

O 3 = Extensive

If you interacted with the users of the tools you develop, what feedback have you
received from them? Have you incorporated the feedback and if not, why?

Do you think that developing tools for protein function prediction is an important
problem?

@) 0=No

@) 1 = It is somewhat important

@) 2 = It is quite important

0] 3 = It is key to understanding and driving biology

If the previous summary was not descriptive, please provide any additional thoughts
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Does your lab develop protein function prediction algorithms?

If you answered yes to the previous question, what do you consider the distinctive
feature of your algorithm?

How do you think the results of a protein function prediction pipeline should be
presented? How is your tool presenting them?

When investigating a specific protein, what do you consider should be the typical steps
that an experimental scientist should follow?
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To what extent do you think CAFA (Critical Assessment of Function Annotations) is
useful?

@) 0 - never heard of CAFA

@) 1- no useful

0] 2- somewhat useful

@) 3- highly useful

How good are the evaluation metrics used in CAFA for protein function prediction?
O 0 = They do not capture anything relevant

@) 1 = They capture some relevant information

@) 2 = They capture enough information to be relevant for some purposes

@) 3 = They capture most relevant information.

Would you like to see more metrics for evaluating function prediction
methods and if so, what should they reflect?

What do you think are the chief bottlenecks in protein function prediction? Check all that

apply:

O Quality of data

O Ontologies

O Methodology

O Evaluation

O Other (elaborate, add a text field)

Anything else you would like to add?
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Appendix G - Biocurators: Consent Form

Northeastern University, Khoury College of Computer Sciences
Name of Investigator(s): Prof. Predrag Radivojac

Title of Project: Assessing the usability and value of protein function prediction
algorithms

Sponsor: National Science Foundation

Information Sheet

Request to Participate in Research

We would like to invite you to participate in a web-based online survey. The survey is
part of a research study whose purpose is to understand the perception and utility of
computational protein function prediction methods.

The surveys should take about 15 minutes to complete.

We are asking you to participate in this study because of your work in biocuration. You
must be at least 18 years old to take this survey.

The decision to participate in this research project is voluntary. You do not have to
participate and you can refuse to answer any question. Even if you begin the
web-based online survey, you can stop at any time.

There are no foreseeable risks or discomforts to you for taking part in this study.

There are no direct benefits to you from participating in this study. However, your
responses may help us learn more about the approach of biocuators towards curating
gene ontologies. It is hoped that this feedback shall be an invaluable resource to the
community of computational biologists.

As a token of our appreciation for completing the survey, you will receive a $10
Starbucks gift card by email after you have completed all 3 surveys.
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Your part in this study will be handled in a confidential manner. No reports or
publications based on this research will identify you or any individual as being
affiliated with this project.

If you have any questions regarding electronic privacy, please feel free to contact
Mark Nardone, NU’s Director of Information Security via phone at 617-373-7901, or via
email at privacy@neu.edu.

If you have any questions about this study, please feel free to contact Rashika
Ramola (Email: ramola.r@husky.neu.edu), the person mainly responsible for the
research. You can also contact Prof. Predrag Radivojac (Email:
predrag@northeastern.edu), the Principal Investigator.

If you have any questions regarding your rights as a research participant, please
contact Nan C. Regina, Director, Human Subject Research Protection, Mail Stop:
560-177, 360 Huntington Avenue, Northeastern University, Boston, MA 02115. Tel:
617.373.4588, Email: n.regina@northeastern.edu. You may call anonymously if you
wish.

This study has been reviewed and approved by the Northeastern University
Institutional Review Board (#19-10-08).

By checking the “l consent” button below you are indicating that you consent to
participate in this study. Please print out a copy of this consent screen or
download a copy of the consent form for your records.

Thank you for your time.

Predrag Radivojac
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Appendix H - Biocurators: General Form

This survey should take no more than 30 minutes. Please mark the time to help us see
how long it took you.

Name (Optional)

Title (Optional)

Affiliated Institution(s): (Optional)

Note: The name, title and affiliated institution information will not be shared outside this research study
even if you provide it.

Fields of specialization (check all that apply):

Biology o
Chemistry 0
Physics o
Medicine o
Mathematics o
Statistics o

Computer Science 0

Other O

1.2. Years of experience in your area of specialization:
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0-2

2-5

5-10

O O O O

10 or more

X X
Here is a list of some databases used in bioinformatics.

Please indicate your level of familiarity with each one.
0 - not familiar; 1- heard of it, never used; 2- use rarely; 3- use sometimes; 4- use
frequently

o 1 2 3 4
UniProt O O O O O
Swiss-Prot O O O O O
Gene Ontology O O O O O
Brenda O O O O O
DisProt O O O O O
Protein Data Bank O O O O O
Pfam O O O O O
KEGG O O O O O
Protein Data Bank O O O O O
Ensembl O O O O O
PATRIC O O O O O
FlyBase O O O O O
SGD O O O O O
WormBase O O O O O



BiGRID O O O O O
SCOP O O O O O
CATH O O O O O

What other bioinformatics databases or knowledge bases do you use?

How reliable do you think are database annotations labeled with “Inferred from
Electronic Annotation (IEA)” evidence code?

0 = completely unreliable;

1 = somewhat reliable;

2 = pretty reliable;

3 = almost as good as experimental annotations

OO00O0

What evidence codes do you trust the most?

If you are familiar with Gene Ontology (GO) please answer the following three
questions. If not, skip to the next page.

How useful do you think is a GO annotation for an experimental scientist?
O 0 = not useful at all
O 1 = somewhat useful

O 2 = moderately useful
O 3 = very useful
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How useful do you think is a GO annotation for a computational scientist?

O 0 = not useful at all

O 1 = somewhat useful
O 2 = moderately useful
O 3 = very useful

How well do you think GO terms describe protein function?
O 0 = not well at all
O 1 = well enough

O 2 = very well

Do you have any further comments related to the previous three questions?

X X
Familiarity with bioinformatics software

Below is a list of some software packages used in bioinformatics. Please indicate your
level of familiarity with each one.

0 - not familiar; 1- heard of it, never used; 2- use rarely; 3- use sometimes; 4- use
frequently

0 1 2 3 4
a. BLAST O O O O O
b. DNAStar O O O O O
C. MEGA O O O O O
d. Clustal O O O O O
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e. UCSC Genome Browser O O O O O

Which bioinformatics software(s) do you use?

Briefly describe the purpose for which you use these software packages.

Do you use any software for the purpose of understanding a protein’s function?

O Yes
O No

If yes, which software packages do you use:

X X
Please assess your level of interaction with experimental scientists when you curate
ontologies:

O 0 =not at all

@) 1 = minor

0] 2 = occasional

@) 3 = extensive
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Please assess your level of interaction with computational scientists when you curate
ontologies:

@) 0 = Not at all

@) 1 = Minor

@) 2 = Occasional

@) 3 = Extensive

If you interacted with the users of the ontologies and databases you develop, what
feedback have you received from them? Have you incorporated it and if not, why?

Do you think that developing tools for protein function prediction is an important
problem?

0 = No; It is idiosyncratic

1 = It is somewhat important

2 = It is quite important

3 = It holds one of the keys to understanding and driving biology

OO0O0O0

If the previous summary was not descriptive, please provide any additional thoughts:

Does your lab use protein function prediction algorithms?

If yes to the previous question, what algorithm(s) do you find reliable?
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How do you think the results of a protein function pipeline should be presented?

To what extent do you think experimental scientists use ontologies and databases the
way you envision?

0 = Not familiar with use

1 = They often use it inappropriately

2 = They use it somewhat appropriately
3 = They use it very appropriately

OO0O0O0

How good are evaluation metrics used in CAFA for protein function prediction?
0 = Do not capture anything relevant

1 = What is CAFA?

2 = Capture some relevant information

3 = Capture enough information for some good decision making

4 = Capture most relevant information

OO0O0O0O0

Would you like to see more metrics for function prediction and if so, what should they
reflect?

What do you think is the bottleneck in protein function prediction? Check all that apply:

O Quality of data
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@) Ontologies
0] Methodology

O Evaluation

Do you have any further comments on the previous question
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