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Computing q-values using an empirical null model

To construct an empirical null distribution of ProtEmbed scores, we first calculated the parameters of a
third-order Markov model from the SCOP+ADDA database. The resulting model was then used to generate
a series of 43 sets of 100 sequences, with each set having a different range of allowed lengths. The length
ranges are as follows: 10–20, 21–30, 31–40, . . . , 91–100, 101–150, . . . , 951–1000, 1001–1100, . . . , 1901–2000,
2001–2500, . . . , 4501–5000. ProtEmbed was run on each of these 4300 null protein sequences. The database
contains 122973 proteins; hence, the calculation of the empirical null yielded a total of over 528 million scores.

Because we are only interested in the smallest ProtEmbed scores, we examined the left tail of the
null distribution. Empirically, we observed that the location of the left tail is fairly stable as a function of
sequence length, except for a marked shift that occurs around a length of 70 amino acids. This phenomenon is
illustrated in Figure 1(A) in this Supplement. For this reason, we partitioned the empirical null distribution
into two distributions, corresponding to short (≤ 70 amino acids) and long (> 70 amino acids) sequences,
respectively. For each of these two empirical null score distributions, we fit the parameters of a three-
parameter Weibull distribution. To do so, we first multiply the scores by -1 and then fit only the right 10%
tail of the distribution.

To test the quality of the fit of the Weibull distribution, we randomly divided the null query sequences
into a training set and a test set. We learned Weibull parameters from the scores produced by the training
set, and then we plotted that distribution with respect to the empirical distribution of scores from the test
set. The results, shown in Figure 1 below, show that the Weibull distribution fits the empirical distribution
quite well, except in the tail, where we observed a few very small p-values. Examining these small p-values,
we found that they corresponded to queries that received extremely small PSI-BLAST E-values. Hence, we
conclude that, although some of ProtEmbed’s p-values are misleadingly small, the effect is restricted to a
small number of queries which occur due to false positive homology relationships identified by PSI-BLAST.
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206-543-8930, Fax: 206-685-7301
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Figure 1: Fitting the empirical null distribution. (A) The figure plots the 5th percentile of the empirical
null score distribution as a function of sequence length. The left tail shows a marked shift between short
(≤ 70 amino acids) and long (> 70 amino acids) sequences. (B) The figure shows the right tail of the
(negated) empirical score distribution and the corresponding Weibull distribution, for short (≤ 70 amino
acids) sequences. (C) This figure is the same as panel (B), but for long (> 70 amino acids) sequences. (C)
This figure plots the calculated p-value as a function of the rank p-value for all sequences in the test set.
The rank p-value of a score x is defined as the fraction of scores that are greater than or equal to x. The
distribution of p-values is compared against y = x (solid line), y = 10x and y = x/10 (dotted lines).
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1: while i < n do
2: q ← selectRandom(D)
3: p+ ← selectRandom(neighborsBelowCutoff(q, t,D));
4: p− ← selectRandom(D)
5: updateGradient(q, p+, p−)
6: i← i + 1
7: end while

Algorithm 1: ProtEmbed algorithm pseudocode. The algorithm requires three inputs: the protein
domain sequence database D, a threshold t, and the number of iterations n.

1: while i < n do
2: q ← selectRandom(D)
3: p+ ← selectRandom(neighborsBelowCutoff(q, t,D))
4: p− ← selectRandom(D)
5: updateGradient(q, p+, p−)
6: q ← selectRandom(S)
7: p+ ← selectRandom(getSuperfamily(q, S))
8: p− ← selectRandom(S)
9: updateGradient(q, p+, p−)

10: i← i + 1
11: end while

Algorithm 2: ProtEmbed+AUXclass algorithm pseudocode. The algorithm requires four inputs: the
protein domain sequence database D, the SCOP structure database S, a threshold t, and the number of
iterations n.

1: while i < n do
2: q ← selectRandom(D)
3: p+ ← selectRandom(neighborsBelowCutoff(q, t,D));
4: p− ← selectRandom(D)
5: updateGradient(q, p+, p−)
6: q ← selectRandom(S)
7: l+ ← getSuperfamilyLabel(q, S));
8: repeat
9: l− ← getSuperfamilyLabel(selectRandom(S), S)

10: until l+ 6= l−

11: updateGradient(q, l+, l−)
12: i← i + 1
13: end while

Algorithm 3: ProtEmbed+AUXrank algorithm pseudocode. The algorithm requires four inputs: the
protein domain sequence database D, the SCOP structure database S, a threshold t, and the number of
iterations n.
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Figure 2: Comparison of methods. Each panel plots the number of query sequences (y-axis) whose ROC
score exceeds a given value (x-axis). The top two panels compare PSI-BLAST-based methods; the bottom
two panels compare HHSearch-based methods. The left two panels use ROC1 scores; the right two panels
use ROC50 scores.
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Figure 3: Comparison of methods, ignoring family members. This figure is similar to Figure 2 in
the main text, except that protein domains that reside in the same SCOP family as the query domain are
ignored during the ROC calculations.
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Query: d1qoja_

P-loop containing nucleoside triphosphate hydrolases

5' to 3' exonuclease, C-terminal
subdomain

C-terminal UvrC-binding domain of
UvrB

Query

Query: d1ayg__

f.2.1
S-adenosyl-L-methionine-dependent
methyltransferases

DsrC, the gamma subunit of dissimilatory
sulfite reductase

Resolvase-like

Ribokinase-like

Tetracyclin repressor-like,
C-terminal domain

Multiheme cytochromes

Cytochrome c

Query

Query: d2lisa_

DsrC, the gamma subunit of dissimilatory sulfite reductase

Fertilization protein

Query

Query: d1cgme_

TMV-like viral coat proteins

Class II aaRS ABD-related

Class II aaRS and biotin synthetases

Query

Query: d1rtp1_

EF-hand

Query

Query: d1juoa_

EF-hand

Query

Query: d1dvia_

EF-hand

Query

Query: d1iioa_

Hypothetical protein MTH865

t-snare proteins

Metalloproteases ("zincins"),
catalytic domain

FAT domain of focal adhesion kinase

Query

Query: d2gsta1

GST C-terminal domain-like

Thioredoxin-like

Query

Query: d1e6ba1

GST C-terminal domain-like

Thioredoxin-like

Query

Query: d1ngr__

DEATH domain

Thiolase-like

t-snare proteins

Aminoacid dehydrogenase-like,
N-terminal domain

Query

Query: d1boua_

ADP-ribosylation
DsrC, the gamma subunit of dissimilatory sulfite
reductase

Tetracyclin repressor-like, C-terminal domain
TK C-terminal domain-like

LigA subunit of an
aromatic-ring-opening dioxygenase
LigAB

5' to 3' exonuclease, C-terminal
subdomain

t-snare proteins

Rudiment single hybrid motif

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Actin-like ATPase domain

Resolvase-like
Bacterial enterotoxins

Query

Query: d1cmza_

Nucleotidylyl transferase

Anticodon-binding domain of a subclass of class
I aminoacyl-tRNA synthetases

Resolvase-like

Type II DNA topoisomerase

Prokaryotic type I DNA
topoisomerase

Regulator of G-protein signaling, RGS

Query

Query: g1cxp.1

Nucleotidylyl transferase
YggU-like

5' to 3' exonuclease, C-terminal
subdomain

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Heme-dependent peroxidases

Aminoacid dehydrogenase-like,
N-terminal domain

PapD-like

Query

Query: d1gln_1

An anticodon-binding domain of class I aminoacyl-tRNA
synthetases

Anticodon-binding domain of a subclass of class
I aminoacyl-tRNA synthetases

Nucleotidylyl transferase

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Prokaryotic type I DNA topoisomerase

Query

Query: d1tf4a1

Ribosomal protein L25-like
DsrC, the gamma subunit of dissimilatory sulfite
reductase

Rudiment single hybrid motif

Aminoacid dehydrogenase-like,
N-terminal domain

b.10.1

NAD(P)-binding Rossmann-fold
domains

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Anticodon-binding domain of a
subclass of class I aminoacyl-tRNA
synthetases

Tetracyclin repressor-like, C-terminal domain

Six-hairpin glycosidases

Query

Query: d1kpsb_

Ran-GTPase activating protein 1 (RanGAP1), C-terminal
domain

P-loop containing nucleoside
triphosphate hydrolases

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Query

Query: d1k7la_

Nuclear receptor ligand-binding domain

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Query

Figure 4: Visualization of the top-ranked proteins for 97 test set domains. Queries 1 to 18.
Annotations are similar to Figure 4 of main text.
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Query: d1gk2a_

Zn-dependent exopeptidases
Nucleic acid-binding proteins

Aminoacid dehydrogenase-like, N-terminal
domain

Acid proteases

Immunoglobulin

TIMP-like

Beta-D-glucan exohydrolase,
C-terminal domain

DsrC, the gamma subunit of dissimilatory
sulfite reductase

L-aspartase-like

Query

Query: d1pprm1

UDP-Glycosyltransferase/glycogen phosphorylase

DsrC, the gamma subunit of dissimilatory sulfite
reductase

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Peridinin-chlorophyll protein

Enolase N-terminal domain-like

Enolase C-terminal domain-like

Query

Query: d1ijla_

Phospholipase A2, PLA2

5' to 3' exonuclease, C-terminal subdomain

alpha/beta-Hydrolases

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

DsrC, the gamma subunit of dissimilatory
sulfite reductase

Query

Query: d1jfql1

Immunoglobulin

Query

Query: d1cfvl_

Immunoglobulin

Query

Query: d1axsa1

Immunoglobulin

Query

Query: d1fnsh1

Immunoglobulin

Query

Query: d1cr9h1

Immunoglobulin

Query

Query: d1jnha1

Immunoglobulin

Query

Query: d1fltx_

Immunoglobulin

Query

Query: d1nkr_2

Immunoglobulin
Query

Query: d1imhc1

Immunoglobulin
Enzyme I of the PEP:sugar phosphotransferase
system HPr-binding (sub)domain

5' to 3' exonuclease, C-terminal
subdomain

Eukaryotic DNA topoisomerase I,
N-terminal DNA-binding fragment

Profilin (actin-binding protein)

Integrin domains

beta-Galactosidase/glucuronidase domain

p53-like transcription factors

Query

Query: d2mcm__

Actinoxanthin-like
5' to 3' exonuclease, C-terminal subdomain

Type II DNA topoisomerase

Resolvase-like

t-snare proteins

Prokaryotic type I DNA topoisomerase

ADP-ribosylation

Query

Query: d1srda_

Aminoacid dehydrogenase-like, N-terminal domain
Glutamine synthetase/guanido kinase

Cu,Zn superoxide dismutase-like

(Trans)glycosidases

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Amine oxidase catalytic domain

Periplasmic binding protein-like II

Porins

Query

Query: d1ci3m1

Zn-binding domains of ADDBP
P-loop containing nucleoside triphosphate
hydrolases

Type II DNA topoisomerase

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Cytochrome f, large domain

PEP carboxykinase-like

DsrC, the gamma subunit of dissimilatory sulfite
reductase

Query

Query: d1jer__

Cupredoxins

Query

Query: d4sbvc_

Glycosyl hydrolases family 6, cellulases

b.10.1

Porins

Metalloproteases ("zincins"), catalytic
domain

Query

Query: d1jz8a3

Rudiment single hybrid motif
beta-Galactosidase/glucuronidase domain

Galactose-binding domain-like

Aminoacid dehydrogenase-like,
N-terminal domain

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Glycosyl hydrolases family 6,
cellulases

Nitrogenase accessory factor-like

DNA clamp

alpha/beta-Hydrolases

(Trans)glycosidases

Query

Figure 5: Visualization of the top-ranked proteins for 97 test set domains. Queries 19 to 36.
Annotations are similar to Figure 4 of main text.
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Query: d1khua_

Glycosyl hydrolases family 6, cellulases

SMAD/FHA domain

Query

Query: d1fjgl_

Nucleic acid-binding proteins
Adenine nucleotide alpha hydrolases-like

DsrC, the gamma subunit of dissimilatory
sulfite reductase

Elongation factor Ts (EF-Ts),
dimerisation domain

FAD-dependent thiol oxidase

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

"Winged helix" DNA-binding
domain

P-loop containing nucleoside
triphosphate hydrolases

DNA clamp

Zn-binding domains of ADDBP

Metalloproteases ("zincins"), catalytic domain

Query

Query: d1gvp__

Enzyme I of the PEP:sugar phosphotransferase system
HPr-binding (sub)domain

Nucleic acid-binding proteins

Chondroitin AC/alginate lyase

b.30.3

Query

Query: d1ef1a2

Acyl-CoA binding protein
FMN-linked oxidoreductases

Second domain of FERM

PH domain-like

Ubiquitin-like

DsrC, the gamma subunit of
dissimilatory sulfite reductase

DEATH domain

Query

Query: d2sli_2

Sialidases
Aminoacid dehydrogenase-like, N-terminal domain

Molybdenum cofactor biosynthesis proteins

DNA clamp

N-terminal nucleophile
aminohydrolases (Ntn hydrolases)

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Nicotinate/Quinolinate PRTase
C-terminal domain-like

Glycosyl hydrolases family 6, cellulases

Resolvase-like

FAH

Query

Query: d1bwua_

Immunoglobulin
Aminoacid dehydrogenase-like, N-terminal domain

Type II DNA topoisomerase

Actin depolymerizing proteins

Serine protease inhibitors

Class II aaRS and biotin synthetases

Methylamine dehydrogenase, L chain

alpha-D-mannose-specific plant lectins

Query

Query: d1ghk__

Duplicated hybrid motif

Single hybrid motif

Nicotinate/Quinolinate PRTase
N-terminal domain-like

Query

Query: d1dvjb_

FMN-linked oxidoreductases

Inosine monophosphate dehydrogenase
(IMPDH)

Thiamin phosphate synthase

Ribulose-phoshate binding barrel

Nicotinate/Quinolinate PRTase C-terminal
domain-like

Query

Query: d1d3ga_

Nicotinate/Quinolinate PRTase C-terminal domain-like

Inosine monophosphate dehydrogenase
(IMPDH)

FMN-linked oxidoreductases

Aldolase

Thiamin phosphate synthase

Ribulose-phoshate binding barrel

Query

Query: d1bvza3

PLP-dependent transferases

Glycosyl hydrolase domain

Immunoglobulin

(Trans)glycosidases

Query

Query: d1goia2

Carbohydrate-binding domain

DHS-like NAD/FAD-binding domain

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Nucleic acid-binding proteins

(Trans)glycosidases

Chitinase insertion domain

Query

Query: d1f8ma_

FMN-linked oxidoreductases

Thiamin phosphate synthase

Inosine monophosphate
dehydrogenase (IMPDH)

Ribulose-phoshate binding barrel

Nicotinate/Quinolinate PRTase
C-terminal domain-like

Phosphoenolpyruvate/pyruvate domain

Query

Query: d1fl2a2

Nucleotide-binding domain

FAD/NAD(P)-binding domain

Query

Query: d1kid__

Pentein
Enzyme I of the PEP:sugar phosphotransferase
system HPr-binding (sub)domain

Carbohydrate phosphatase

tRNA-binding arm

GroEL apical domain-like

GroEL equatorial domain-like

GroEL-intermediate domain like

RBP11-like subunits of RNA polymerase

Query

Query: d1k32a4

ClpP/crotonase
Trypsin-like serine proteases

PDZ domain-like

"Helical backbone" metal receptor

Aminoacid dehydrogenase-like,
N-terminal domain

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

DsrC, the gamma subunit of dissimilatory sulfite
reductase

Query

Query: d1jj2c_

DsrC, the gamma subunit of dissimilatory sulfite reductase
Ribosomal protein L4

"Helical backbone" metal receptor

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Dehydroquinate synthase-like

beta and beta-prime subunits of
DNA dependent RNA-polymerase

P-loop containing nucleoside
triphosphate hydrolases

Aminoacid dehydrogenase-like,
N-terminal domain

DEATH domain

5' to 3' exonuclease, C-terminal subdomain

Query

Query: d1jbea_

CheY-like

Query

Query: d1f4la2

Prokaryotic type I DNA topoisomerase

Anticodon-binding domain of a subclass of
class I aminoacyl-tRNA synthetases

ValRS/IleRS/LeuRS editing domain

Nucleotidylyl transferase

Arginyl-tRNA synthetase (ArgRS), N-terminal
'additional' domain

Query

Figure 6: Visualization of the top-ranked proteins for 97 test set domains. Queries 37 to 55.
Annotations are similar to Figure 4 of main text.
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Query: d1bfd_2

NAD(P)-binding Rossmann-fold domains

Thiamin diphosphate-binding fold
(THDP-binding)

DHS-like NAD/FAD-binding
domain

TK C-terminal domain-like

Query

Query: d1jsca3

Dihydropteroate synthetase-like

TK C-terminal domain-like

Formate dehydrogenase/DMSO
reductase, domains 1-3

Thiamin diphosphate-binding fold
(THDP-binding)

DHS-like NAD/FAD-binding domain

Query

Query: d1bg2__

P-loop containing nucleoside triphosphate hydrolases

Query

Query: d1goja_

P-loop containing nucleoside triphosphate hydrolases

Query

Query: d1d0va_

PLP-dependent transferases
Nicotinate
mononucleotide:5,6-dimethylbenzimidazole
phosphoribosyltransferase (CobT)

Aldolase

Phosphohistidine domain

Nicotinate/Quinolinate PRTase
C-terminal domain-like

Thiamin phosphate synthase

Inosine monophosphate
dehydrogenase (IMPDH)

Ribulose-phoshate binding barrel

FMN-linked oxidoreductases

Query

Query: d1kyga_

Thioredoxin-like

Query

Query: d1ex2a_

DNA/RNA polymerases

Periplasmic binding protein-like II

ITPase-like

Eukaryotic DNA topoisomerase I,
N-terminal DNA-binding fragment

Query

Query: d1qq9a_

DNA topoisomerase IV, alpha subunit
Anticodon-binding domain of a subclass of class I
aminoacyl-tRNA synthetases

FAT domain of focal adhesion kinase

DsrC, the gamma subunit of
dissimilatory sulfite reductase

5' to 3' exonuclease, C-terminal
subdomain

Periplasmic binding protein-like I

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Aminoacid dehydrogenase-like,
N-terminal domain

Bacterial exopeptidase dimerisation domain

Zn-dependent exopeptidases

Query

Query: d1hwxa2

Formate/glycerate dehydrogenase catalytic domain-like
Enzyme I of the PEP:sugar phosphotransferase
system HPr-binding (sub)domain

PreATP-grasp domain

Bacterial enterotoxins

Aminoacid dehydrogenase-like,
N-terminal domain

Type II DNA topoisomerase

DsrC, the gamma subunit of dissimilatory
sulfite reductase

NAD(P)-binding Rossmann-fold domains

Query

Query: d1e4bp_

TK C-terminal domain-like

AraD/HMP-PK domain-like

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Actin-like ATPase domain

Aminoacid dehydrogenase-like,
N-terminal domain

DsrC, the gamma subunit of dissimilatory sulfite
reductase

Query

Query: d1cjya2

c.75.1

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Type II DNA topoisomerase

Query

Query: d1dxha2

Formate/glycerate dehydrogenase catalytic domain-like

Aminoacid dehydrogenase-like,
N-terminal domain

Aspartate/ornithine
carbamoyltransferase

NAD(P)-binding Rossmann-fold domains

Query

Query: d1euha_

ALDH-like

Molybdenum cofactor biosynthesis proteins

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Aspartate/ornithine
carbamoyltransferase

Metalloproteases ("zincins"), catalytic domain

Query

Query: d1ii5a_

Prokaryotic type I DNA topoisomerase

Periplasmic binding protein-like II

Periplasmic binding protein-like I

DsrC, the gamma subunit of dissimilatory
sulfite reductase

Query

Query: d1g8ma2

Fe-only hydrogenase
Methylglyoxal synthase-like

c.97.2

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

GAD domain-like

Actin depolymerizing proteins

Molybdenum cofactor
biosynthesis proteins

Alkaline phosphatase-like

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Formylmethanofuran:tetrahydromethanopterin
formyltransferase

Aminoacid dehydrogenase-like, N-terminal
domain

Glycosyl hydrolases family 6, cellulases

Query

Query: d1ghla_

Lysozyme-like
Enzyme I of the PEP:sugar phosphotransferase
system HPr-binding (sub)domain

4-helical cytokines

Histone-fold

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Actin-like ATPase domain

Succinate
dehydrogenase/fumarate
reductase flavoprotein C-terminal
domain

5' to 3' exonuclease, C-terminal
subdomain

Insert subdomain of RNA polymerase alpha
subunit

Pectin lyase-like

Query

Query: d1g91a_

Carbohydrate phosphatase
Alkaline phosphatase-like

Interleukin 8-like chemokines

Aminoacid dehydrogenase-like,
N-terminal domain

Di-copper centre-containing
domain

S-adenosyl-L-methionine-dependent
methyltransferases

NAD(P)-binding Rossmann-fold
domains

Actin-like ATPase domain

Dehydroquinate synthase-like

GAD domain-like

Query

Query: d2sak__

Resolvase-like
Prokaryotic type I DNA topoisomerase

5' to 3' exonuclease, C-terminal subdomain

Type II DNA topoisomerase

Molybdenum cofactor
biosynthesis proteins

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Aminoacid dehydrogenase-like, N-terminal
domain

Staphylokinase/streptokinase

Query

Figure 7: Visualization of the top-ranked proteins for 97 test set domains. Queries 56 to 73.
Annotations are similar to Figure 4 of main text.
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Query: d3seb_2

Superantigen toxins, C-terminal domain
5' to 3' exonuclease, C-terminal subdomain

Rudiment single hybrid motif

Multiheme cytochromes

Resolvase-like

Type II DNA topoisomerase

Bacterial enterotoxins

Query

Query: d1fcla_

Nitrogenase accessory factor-like
post-AAA+ oligomerization domain-like

DsrC, the gamma subunit of dissimilatory sulfite
reductase

5' to 3' exonuclease, C-terminal subdomain

Prokaryotic type I DNA topoisomerase

Aminoacid dehydrogenase-like,
N-terminal domain

Trypsin-like serine proteases

Ribulose-phoshate binding barrel

Resolvase-like

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Phosphohistidine domain

DHS-like NAD/FAD-binding domain

Bacterial enterotoxins
Immunoglobulin-binding domains

Query

Query: d1cr5a2

DsrC, the gamma subunit of dissimilatory sulfite reductase
t-snare proteins

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

Resolvase-like

Type II DNA topoisomerase

P-loop containing nucleoside
triphosphate hydrolases

Cdc48 domain 2-like

5' to 3' exonuclease, C-terminal subdomain

Query

Query: d1ctf__

PreATP-grasp domain

FAD/NAD(P)-binding domain

NAD(P)-binding Rossmann-fold
domains

MurCD N-terminal domain

ClpS-like

Ribosomal protein L7/12, oligomerisation
(N-terminal) domain

Query

Query: d1stu__

5' to 3' exonuclease, C-terminal subdomain

DEATH domain

RNase III domain-like

dsRNA-binding domain-like

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

Query

Query: d1fjge2

DsrC, the gamma subunit of dissimilatory sulfite reductase
f.2.1

5' to 3' exonuclease, C-terminal
subdomain

Ribosomal protein S5 domain
2-like

dsRNA-binding domain-like

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

CO dehydrogenase ISP C-domain like

Query

Query: d1azsa_

Nucleotide cyclase

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

Aminoacid dehydrogenase-like,
N-terminal domain

Tautomerase/MIF

Query

Query: d1e6vb2

Methyl-coenzyme M reductase subunits

PLP-dependent transferases

Lipoxigenase

Query

Query: d1diqa1

FAD-linked oxidases, C-terminal domain
Class II aaRS ABD-related

Prokaryotic type I DNA topoisomerase

DsrC, the gamma subunit of
dissimilatory sulfite reductase

(Trans)glycosidases

post-AAA+ oligomerization
domain-like

Resolvase-like

FAD-binding/transporter-associated domain-like

Query

Query: d1qj2c1

Nucleotidylyl transferase
DEATH domain

Bacterial enterotoxins

DsrC, the gamma subunit of
dissimilatory sulfite reductase

DNA clamp

FAD-binding/transporter-associated
domain-like

C2 domain (Calcium/lipid-binding
domain, CaLB)

CO dehydrogenase flavoprotein
C-terminal domain-like

Succinate dehydrogenase/fumarate
reductase flavoprotein C-terminal
domain

Anticodon-binding domain of a subclass of
class I aminoacyl-tRNA synthetases

Ribosomal protein L25-like

Query

Query: d1eq6a_

DsrC, the gamma subunit of dissimilatory sulfite reductase

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Mog1p/PsbP-like

Query

Query: d1tis__

S-adenosyl-L-methionine-dependent methyltransferases

Thymidylate synthase/dCMP
hydroxymethylase

t-snare proteins

5' to 3' exonuclease, C-terminal
subdomain

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

Query

Query: d1koba_

Protein kinase-like (PK-like)

Query

Query: d2ahja_

PH domain-like

Tetracyclin repressor-like, C-terminal
domain

Anticodon-binding domain of a
subclass of class I
aminoacyl-tRNA synthetases

Nitrile hydratase alpha chain

Query

Query: g1pya.1

Pyruvoyl-dependent histidine and arginine decarboxylases

e.20.1
Query

Query: d1qdla_

5' to 3' exonuclease, C-terminal subdomain
Anticodon-binding domain of a subclass of class I
aminoacyl-tRNA synthetases

Resolvase-like
ADC synthase

post-AAA+ oligomerization
domain-like

e.33.1

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Nucleic acid-binding proteins

FAT domain of focal adhesion kinase

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

Type II DNA topoisomerase
e.9.1

Query

Query: d1bdfa2

C-terminal domain of RNA polymerase alpha subunit
RBP11-like subunits of RNA polymerase

Insert subdomain of RNA polymerase alpha
subunit

Aminoacid dehydrogenase-like,
N-terminal domain

Anticodon-binding domain of a
subclass of class I aminoacyl-tRNA
synthetases

Resolvase-like

Succinate
dehydrogenase/fumarate
reductase flavoprotein C-terminal
domain

Terpenoid cyclases/Protein
prenyltransferases

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Prokaryotic type I DNA topoisomerase

DsrC, the gamma subunit of dissimilatory sulfite
reductase

5' to 3' exonuclease, C-terminal subdomain

Query

Query: d1i7da_

Prokaryotic type I DNA topoisomerase
DsrC, the gamma subunit of dissimilatory sulfite
reductase

Enzyme I of the PEP:sugar
phosphotransferase system HPr-binding
(sub)domain

"Helical backbone" metal receptor

Anticodon-binding domain of a
subclass of class I aminoacyl-tRNA
synthetases

beta and beta-prime subunits of DNA
dependent RNA-polymerase

ADP-ribosylation

Query

Figure 8: Visualization of the top-ranked proteins for 97 test set domains. Queries 74 to 91.
Annotations are similar to Figure 4 of main text.
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Query: d1gkub3

"Helical backbone" metal receptor
Enzyme I of the PEP:sugar phosphotransferase
system HPr-binding (sub)domain

DNA clamp

beta and beta-prime subunits of
DNA dependent RNA-polymerase

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Anticodon-binding domain of a
subclass of class I aminoacyl-tRNA
synthetases

ADP-ribosylation

Prokaryotic type I DNA topoisomerase

Query

Query: d1qled1

Eukaryotic DNA topoisomerase I, N-terminal DNA-binding
fragment

Profilin (actin-binding protein)

lambda integrase-like, N-terminal
domain

Aminoacid dehydrogenase-like,
N-terminal domain

Integrin domains

DsrC, the gamma subunit of
dissimilatory sulfite reductase

f.2.1

Query

Query: d1qj8a_

Porins
Type II DNA topoisomerase

Rudiment single hybrid motif

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

5' to 3' exonuclease, C-terminal
subdomain

Resolvase-like

OMPA-like

Query

Query: g1dei.1

Thiamin diphosphate-binding fold (THDP-binding)
DsrC, the gamma subunit of dissimilatory sulfite
reductase

Aldolase

Glutathione synthetase ATP-binding
domain-like

DHS-like NAD/FAD-binding domain

Prokaryotic type I DNA
topoisomerase

Thioredoxin-like

DNA clamp

(Trans)glycosidases

Glycosyl hydrolases family 6, cellulases

Insulin-like

Query

Query: d2cwga2

Bacterial enterotoxins

ADP-ribosylation

DsrC, the gamma subunit of
dissimilatory sulfite reductase

Heme-dependent peroxidases

Plant lectins/antimicrobial peptides

Query

Query: d1agt__

DsrC, the gamma subunit of dissimilatory sulfite reductase

Integrin domains

Enzyme I of the PEP:sugar
phosphotransferase system
HPr-binding (sub)domain

Scorpion toxin-like

Query

Figure 9: Visualization of the top-ranked proteins for 97 test set domains. Queries 92 to 97.
Annotations are similar to Figure 4 of main text.
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