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1. Supplemental Methods
1.1. Capture of literature, structural, and essentiality data. 
By design, PaperBLAST cannot identify papers that mention homologs within supplemental data or in the main text of publications that are not open access, which can lead to false negatives when in search of published homologs. Additionally, the tool ultimately still relies on a text-based search method with each sequence-based identification of homologs from which the search terms (e.g., ORF names, gene names, UniProt accession IDs) are retrieved, resulting in the risk of false positives. These observed weaknesses supported the impetus for an integrative approach to published homolog capture, using multiple different tools, both text- and sequence-based. The multiplicity of names―a problem inherent to biological sequence identification and nomenclature―presents another challenge for such a pipeline. To address this problem, DUF34 homologs, keywords, and sequences were simultaneously curated from query results for use in subsequent iterations of searches. That is, with each new homolog discovered, new associated keywords, in addition to their sequences, were added to a cumulative list. Each new sequence or keyword was then used in the repetition of sequence- and text-based queries, as well as curation and cataloging. Per seeding homolog, the order in which different tools were used varied per search cycle (one cycle = one sequence or one keyword linked to a sequence), changing in response to the distinguishing characteristics and results observed over the course of a sequence or keyword’s query cycle. Resulting publications were manually reviewed for relevancy to the queried homolog, keyword, and/or sequence to identify false positives. If false positives were observed, it was noted that they often were the product of coincidental homonyms used by authors to designate experimental objects, variables, or the like that were ultimately irrelevant to the queried homolog. The cyclic method by which homologs/keywords were curated, accumulated, and used in queries is shown above.Query Cycle with Parallel Accumulation of Homolog Sequences, Keywords

1.2. Physical clustering analysis.
Using the GeConT 3 webserver, the rank-ordered lists of co-occurring COGs were extracted as copied text with each query of Phylum, and, for a select number of Phyla, Class of organisms. Total organism limit for output was set to “All selected”, an output total of which varied between queries. Webtool-defined operons were used in generation of gene neighborhood figures and subsequent analyses. Text analysis (PCKFA) of, both, the rank-ordered lists of clustered COGs and respective COG descriptions were performed using textalyser.net/. Punctuation was added to the end of each tabular row (i.e., per queried taxonomic range output) for both COG and COG description lists as for them to be recognized as individual “sentences” by the text analysis application. The 1-, 2-, 3- and 4-word phrases of the COG descriptions were filtered for strings deemed uninformative regarding functional associations or biological roles; these removed words and phrases were recorded upon removal. With the generation of representative operons, individual encoded genes were reviewed and compared between organisms; this analysis included the identification of metal-dependency or interaction. To do so, further literature review and bioinformatic meta-analysis of protein families for the genes identified in COG0327-encoding operons was performed through the text-based query of COGs and common gene/protein family names/terms (e.g., Google, Google Scholar; subsequently, used to navigate to key database entries and publications), as well as sequence-based queries of structure-focused webtools to identify or predict EC numbers (CATH-db [1], HHPred [2], PaperBLAST [3], CDD [4]). Most frequently, sequenced-based queries led to the identification of EC numbers via either CATH-db or KEGG. Regardless of the route used to determine annotated enzymatic activity, if EC numbers were retrieved, they were reviewed in BRENDA [5] for any documented interactions with metal ions. If only one publication was supplied in support of a unique metal ion interaction for any EC number’s BRENDA entry, the interaction was not recorded as valid; this criterion was applied for all BRENDA-acquired annotation data, and implementation of this method applies to select supplemental Data Tables, as well as Tables 4, 5, and 6. PDB entries were also examined for complexed metal ions and evaluated for biological relevance through examination of their associated publications [6], [7]. Auxiliary resources employed in these surveys of functional annotation included UniProtKB, KEGG, PIR [8], EggNOG [9], InterPro [10], and the SMART database [11]. The COG descriptions listed in tables were determined through COG-based query of the NCBI Database of Clusters of Orthologous Genes [12], unless otherwise specified.
1.3. Fusion Analysis.
For the concatenated list resulting from the three distinct fusion-retrieval methods (prior to confidence scoring), InterPro superfamilies and families were used to define fusion classes, while InterPro families and domain names were used to define fusion subclasses. Additional annotations were added to the sequence records: source organism, organism superkingdom, protein name, gene name/locus tag, UniProt accession ID, as well as all associated COGs (EggNOG, sequence-based query; all root, or “COG”, COGs above a score of 20), Pfam and InterPro identifiers (if absent from exported sequence data). For assignment of single COGs to distinct fusion types for the final list: if no COGs were determinable for a given fusion domain, the CDD Clan, Pfam, or InterPro identifier (all retrieved via CDD Search) was used in its place. Multiple identifiers were listed only if multiple domains were found to separately contribute to the sequence alongside respective DUF34 domains.
2. Supplemental Tables
Table S1. All webtools and resources used. 
	Name
	Link

	PubMed
	https://pubmed.ncbi.nlm.nih.gov

	Google
	https://www.google.com

	Google Images
	https://images.google.com/

	Google Scholar
	https://scholar.google.com

	NCBI (all Db)
	https://www.ncbi.nlm.nih.gov

	Scinapse
	https://www.scinapse.io

	WorldWideScience
	https://worldwidescience.org

	PaperBLAST
	https://papers.genomics.lbl.gov/cgi-bin/litSearch.cgi

	MonkeyLearn
	MonkeyLearn.com

	TagCrowd
	TagCrowd.com  

	PDB/RCSB
	https://www.rcsb.org

	MetalPDB
	http://metalpdb.cerm.unifi.it

	DEG Database
	http://www.essentialgene.org

	Ogee
	https://v3.ogee.info/#/home

	Database of Predicted Essential Genes
	http://tubic.org/pdeg/

	OrthoInspector 3.0
	lbgi.fr/orthoinspectorv3/

	MAFFT
	https://mafft.cbrc.jp/alignment/server/

	WebLogo 3
	http://weblogo.threeplusone.com

	Inkscape
	https://inkscape.org

	PhyloT
	https://phylot.biobyte.de/

	iToL
	https://itol.embl.de/

	MicrobesOnline
	http://www.microbesonline.org/

	STRING
	https://string-db.org/cgi/input.pl

	EggNOG
	http://eggnog5.embl.de/#/app/home

	KEGG - SSDB
	https://www.kegg.jp/kegg/ssdb/

	Gene Context Tool (GeConT) 3
	http://biocomputo.ibt.unam.mx:8080/GeConT/

	CDD
	https://www.ncbi.nlm.nih.gov/cdd/

	PaperBLAST
	https://papers.genomics.lbl.gov/cgi-bin/litSearch.cgi

	HHPred
	https://toolkit.tuebingen.mpg.de/tools/hhpred

	CATH/Gene3D
	http://www.cathdb.info/

	BRENDA
	https://www.brenda-enzymes.org/

	UniProtKB
	https://www.uniprot.org/

	KEGG
	https://www.kegg.jp/

	PIR
	https://proteininformationresource.org/

	InterPro
	https://www.ebi.ac.uk/interpro/

	SMART
	http://smart.embl-heidelberg.de/

	Database of Clusters of Orthologous Genes
	https://www.ncbi.nlm.nih.gov/research/cog

	CoXPresDb
	https://coxpresdb.jp/

	ProteomeHD
	https://www.proteomehd.net/proteomehd

	g:Profiler – g:GOSt
	https://biit.cs.ut.ee/gprofiler/gost

	DAVID – Functional Annotation Clustering
	https://david.ncifcrf.gov/summary.jsp

	HUGO Gene Nomenclature Committee, EBI
	https://www.genenames.org/

	SEO Scout
	textalyser.net/   (https://seoscout.com/tools/keyword-analyzer)

	EMBOSS Needle
	https://www.ebi.ac.uk/Tools/psa/emboss_needle

	EMBOSS Matcher
	https://www.ebi.ac.uk/Tools/psa/emboss_matcher

	Harmonizome
	https://maayanlab.cloud/Harmonizome/

	JGI-IMG/M
	https://img.jgi.doe.gov


Table S2. Lists of strains and oligos used in growth assays.
	Strains
	Name
	Genotype
	Plasmid
	Note on Plasmid

	
	MG1655
	F- λ- ilvG- rfb-50 rph-1
	none
	

	
	GJH1072
	F- mrcA D(mrr-hsdRMS-mrcBC) F80dlacZDM15 DlacX74 endA1 recA1 D(ara, leu)7697 araD139 galU galK nupG rpsL l T1R
	pBAD24
	

	
	GJH1358
	F- mrcA D(mrr-hsdRMS-mrcBC) F80dlacZDM15 DlacX74 endA1 recA1 D(ara, leu)7697 araD139 galU galK nupG rpsL l T1R
	pGH50
	ybgI in pBAD24

	
	GJH1132
	MG1655
	pBAD24
	

	
	GJH1227
	MG1655 folE::kanR
	none
	

	
	GJH1289
	GJH1227
	pBAD24
	

	
	GJH1361
	MG1655 ybgI::kanR
	none
	

	
	GJH1408
	GJH1227
	pGH50
	ybgI in pBAD24

	
	GJH2042
	MG1655
	pGH50
	ybgI in pBAD24

	
	GJH2435
	MG1655 ybgI::FRT
	none
	

	
	GJH2438
	MG1655 ybgI::FRT folE::kanR
	none
	

	
	GJH2441
	GJH1361
	pBAD24
	

	
	GJH2444
	GJH1361
	pGH50
	ybgI in pBAD24

	
	GJH2447
	GJH2438
	pBAD24
	

	
	GJH2450
	GJH2438
	pGH50
	ybgI in pBAD24

	
	GJH2453
	F– Φ80lacZΔM15 Δ(lacZYA-argF) U169 recA1 endA1 hsdR17 (rK–, mK+) phoA supE44 λ– thi-1 gyrA96 relA1
	pGH101
	folE in pBAD24

	
	GJH2454
	MG1655
	pGH101
	folE in pBAD24

	
	GJH2457
	GJH1361
	pGH101
	folE in pBAD24

	
	GJH2460
	GJH1227
	pGH101
	folE in pBAD24

	
	GJH2463
	GJH2438
	pGH101
	folE in pBAD24

	
	
	
	
	

	Oligos
	Name
	Sequence
	Description

	
	GO285
	GCACGCCATGGAAAACACCGAACTGGAAC
	NcoI + start of ybgI E. coli

	
	GO286
	GCACGCCTGCAGGTTATGCAGGATTAGGAATATCAATAAAGG
	SbfI + end of ybgI E. coli

	
	GO434
	GCACGCCATGGCATCACTCAGTAAAGAAG
	NcoI + start of folE E. coli

	
	GO435
	GCACGCCTGCAGGTCAGTTGTGATGACGCACAG
	SbfI + end of folE E. coli

	
	GO563
	ACTGGCGAGGTAACGCTATG
	verification ybgI deletion forward external

	
	GO564
	CCACATTCGGCATATCCACC
	verification ybgI deletion reverse external

	
	GO565
	TGCAGGTGGAAGGCAAAGAG
	verification ybgI deletion reverse external

	
	GO566
	GCGAATACCACCACGTTCAG
	verification ybgI deletion reverse external

	
	GO567
	ATGCGTGGCTCCTTGTTGTG
	verification folE deletion forward external

	
	GO568
	GCCGATGAGATCAAGAAATGC
	verification folE deletion forward external

	
	GO569
	ATCTCGACCTGGCTGATGAC
	verification folE deletion forward external

	
	GO570
	CAATCCACCAAGAGAGGTCG
	verification folE deletion forward external


Table S3. All focal and non-focal publications collected through comprehensive literature review and data capture process of the DUF34 protein family. Includes each publication’s functional implications/associations for DUF34 family members. See Supplemental References section for cited literature.
	NAME
	ORGANISMS
	PHENOTYPE, BIOLOGICAL RELEVANCE
	REF
	FOCAL

	MIMI_R836
	Acanthamoeba polyphaga mimivirus
	(COG3323) ORF acquired by Mimivirus from bacteria via horizontal gene transmission; ORF is shared exclusively with bacteria (not eukaryota or archaea) 
	[13]
	No

	PRK_00227/
HMPREF0010_02337
	Acinetobacter baumannii
	Significantly down-regulated (-1.07 Log2 fold-change; FDR = 1.75E-03) after exposure to human respiratory cells (A549 cells)
	[14]
	No

	Y1Q_0008769
	Alligator mississippiensis
	Notably enriched in both embryonic and juvenile hearts of alligators exposed to developmental hypoxia
	[15]
	No

	AFUA_6G12480
	Aspergillus fumigatus
	Notably upregulated in Δpes3 mutant relative to WT germlings (1.7-fold change)
	[16]
	No

	An05g01490
	Aspergillus niger
	Notably upregulated (+1.08698 log2-fold change) in ΔfluG relative to controls in most central growth zone; identified as protein with signal sequence for secretion
	[17]
	No

	BA4512
	Bacillus anthracis str. Ames
	Identified in cytoplasmic proteome
	[18]
	No

	
	
	Low antisense (AS) transcriptional abundance (operon containing homolog); upstream operon encoding sigA, dnaG show abundance AS transcripts
	[19]
	No

	YqfO/
BC_4286
	Bacillus cereus
	Inserted domain with similarity to PII-like and CutA1 family proteins; present in a minority of bacterial homologs; may act as a signal sensor for regulating catalytic activity or access to active sites
	[20]
	Yes

	YqfO/
BSU_25170
	Bacillus subtilis subsp. subtilis str. 168
	Secreted; greatest inhibition of Fusarium oxysporum growth
	[21]
	No

	
	
	Co-regulator with YlxR of operon tsaEBD (TsaEBD req. for synthesis of t6A[22]); disruption of yqfO impairs tsaEDB regulation, resulting in loss of glucose induction of sigX through PDHc expression dysregulation
	[23]–[25]
	Yes/No(2)

	
	
	Co-purified with RecN (small polypeptide fraction, 0.1 ±0.1% relative proportion of MR = 520000 RecN peak), alongside small proportions of AhpC, PncB, PNPase GroEL
	[26]
	No

	
	
	Upstream of region predicted to have high riboswitch potential
	[27]
	No

	
	
	Predicted to be regulatory target of sigma factor A (σA; RNAP major σ factor) by best-fit of gene expression profile to σA-regulated model of expression
	[28]
	No

	ybgI/
M139_2446
	Bacteriodes fragilis S23L24
	14th gene downstream from Type IIIB CRISPR-Cas system array; neighborhood noted for high percentage of genes involved in efflux
	[29]
	No

	A0A0A2VS40
	Beauveria bassiana
	Quantified secreted protein of B. bassiana isolates grown in preparations of cockroach-infused liquid medias; absolute peptide count = 2 fmol/μL (ANOVA (p) = 4.04E-10)
	[30]
	No

	BL0984
	Bifidobacterium longum NCC2705
	Identified in proteome of whole cell protein extract; mass fingerprinting score greater than 45
	[31]
	No

	BmNIF3l
	Bombyx mori
	Translocates to the nucleus from the cytoplasm when cell treated with all-trans retinoic acid (ATRA); higher transcript levels in actively differentiating tissues; no expression detected in egg stage
	[32]
	Yes


	bb0468
	Borrelia burgdorferi
	Described as a Lac I homolog (*false; confirmed with BLAST); likely not a regulator of p66 expression (importance: p66 may influence host-response during infection)
	[33]
	No

	
	
	Significantly upregulated after infection of human H4 neuroglial cells (+2.17 mean fold-change); no listed paralogous gene families	Comment by Reed,Colbie J: XylR1 (xylose operon regulatory protein) significantly downregulated (2.04 mean fold-change); XylR1 (bb_0693; BadR) bears low similarity (23.0%) to XylR of G. stearothermophilus, but both are annotated as ROK family members. It should also be noted that B. burgdorferi does not utilize xylose, although it possesses a Xylose-responsive regulatory protein.
https://www.ncbi.nlm.nih.gov/pubmed/15668016?dopt=Abstract	Comment by Colbie: for more context of these observations, see table entry for Geobacillus stearothermophilus DUF34 homolog, "XynX"
	[34]
	No

	
	
	46th of 297 genes indicated as being regulated by Hk1-Rrp1
	[35]
	No

	NIF3L1
	Bos taurus-Bos indicus hybrid
	Significantly differentially expressed in Wangdong cattle (Bos taurus-B. indicus hybrid) relative to Dabieshan cattle (4 independent loss of function variant analyses)
	[36]
	No

	NIF3L1
	Bos grunniens, Bos taurus, Bos taurus-grunniens hybrid
	Protein not notably differentially expressed in dzo relative to cattle; downregulated in yak relative to dzo, relative to cattle; investigation intended to identify proteins with adaptive value for life in low oxygen environments to which yak have been evolutionarily adapted
	[37]
	No

	ybgI
	Buchnera sp.
	Present across Buchnera species commonly found in both Aphidinae aphids and Pentalonia nigronervosa
	[38]
	No

	
	
	One of 13 genes across four Buchnera aphidicola Mp genomes to contain nonsynonymous mutations; (of those 13) one of seven predicted to have a deleterious effect upon protein function; deleterious mutations in ybgI were detected in both non-tobacco-adapted and tobacco-adapted lineages
	[39]
	No

	BTH_I2978
	Burkholderia thailandensis E264
	Encoded downstream of Tat pathway genes; divergently encoded relative to serine protease gene, degS (BTH_I2979; deletion of this gene results in robust meropenem nontolerance phenotype [40])
	[41]
	No

	Cj0705
	Campylobacter jejuni
	Transcripts upregulated (1.8-fold) in presence of 0.1% sodium deoxycholate
	[42]
	No

	
	
	Co-occurs in operon encoding crucial virulence-linked chemotaxis proteins (i.e., CheZ)
	[43]
	No

	
	
	High similarity shared between operons of select bacterial pathogens; operon constituents linked to flagellar components, chemotaxis, virulence
	[44]
	No

	
	
	Internal promoter enables transcription of both Cj0705 homolog and downstream Cj0706; fusion of homolgos occur in other Epsilonproteobacteria to provide similar transcriptional behavior
	[45]
	No

	CPn0137
	Chlamydia pneumoniae
	Identified in human saliva with 95-99% confidence; 1 of many microbial proteins detected in human saliva samples
	[46]
	No

	CT_108
	Chlamydia trachomatis D/UW-3/CX
	Demonstrated low potential as a secreted effector (SIEVE score = -1.94748)
	[47]
	No

	
	
	Base 608 variant (C→T; Valine→Alanine) determined via clinical sample GWAS (n=5 of 74 genomes/samples) examined as a possible candidate in predisposition of failure in C. trachomatis infection treatment
	[48]
	No

	CBO2935
	Clostridium botulinum A str. ATCC 3502
	One of the top 40 differentially expressed genes during heat shock stress (+4.1-fold change)
	[49]
	No

	
	
	Greatest differential expression post-heat shock observed at 1 hour (+1.4 log2 fold-change)
	[50]
	No

	CD630_06720/
CDR20291_1306
	Clostridium difficile
	Experienced 16% decreased transcript level in ΔcodY; characteristically increased in transcript level with F101W and F74Y codY point mutations relative to what was observed on average across transcripts, unexpectedly higher than levels anticipated on average in ΔcodY
	[51]
	No

	
	
	One of 124 genes significantly negatively regulated by c-di-GMP
	[52]
	No

	
	
	Gene disrupted in same fashion for two pathogenic isolates (Opal, TGA selenocysteine incorporation codon [tga]), distinct from WT
	[53]
	No

	
	
	Detected in soluble fraction of proteome; not predicted to be a lipoprotein
	[54]
	No

	
	
	Significantly under-expressed (1.9 log2 fold-change; adj. p-value = 1.70248E-28) in JIR8094::ΔsinR’ relative to JIR8094 (note*: codY was not differentially regulated, but ccpA was upregulated ~13.4-fold)
	[55]
	No

	DIP1680
	Corynebacterium diphtheriae
	Gene neighbor, DIP1679, is co-transcribed with ncRNA, RNase P M1 RNA, as a product of a primary operon also containing DIP1678 and DIP1677; this primary operon is expressed as two sub-operons (DIP1678-DIP1677; M1 RNA-DIP1677)
	[56]
	No

	Cp1002B_1165
	Corynebacterium pseudotuberculosis biovar ovis
	One of 80 hypothetical proteins identified (of 172 predicted) and assigned a putative function through sequence-, annotation-based analyses; predicted to be localized to the cytoplasm; predicted to be metal-binding (GO term analysis); predicted to not occur in a pathogenicity island; not differentially expressed in abiotic stress conditions (osmotic, acid stress; thermal shock)
	[57]
	No

	I79_014620
	Cricetulus griseus
	1 of 9 Host cell proteins (HCPs) detected in cell culture fluid exclusively under condition 2 (starvation conditions; "glucose and ion limitation"); 0.9% of 994 host cell proteins identified in cell culture fluids under defined analytical confidence parameters; condition 2 only described as having lowered glucose feed rate and reduced concentration of a single, unnamed, essential ion regarded as a common enzyme cofactor (proprietary)
	[58]
	No

	Dde_1729
	Desulfovibrio desulfuricans G20
	Significantly dysregulated in psrA mutants (+1.6 fold-change; p-value = 0.01)
	[59]
	No

	
	
	One of 4 slow-growing mutants [lactate-sulfate medium]; implicated as essential for growth in sediment (mutant failed to demonstrate growth upon inoculation)
	[60]
	No

	DMEL_CG4278/
DS02740.16/
anon-35F/36A
	Drosophila melanogaster
	Identified, mapped within the Adh genomic region; may have an allele encoded by a nearby P-element insertion (k17003) 1185 bp upstream of anon35F/36A
	[61]
	No

	
	
	Encoded immediately 3’ of the cactus gene (FBgn0000250; IκB homolog)
	[62]
	No

	
	
	Identified as a component of the Seryl-tRNA synthetase-Like Insect Mitochondrial Protein (SLIMP) interactome, SLIMP being a novel paralog of mitochondrial Seryl-tRNA Synthetase (SerRS2)
	[63]
	No

	YbgI/b0710
	Escherichia coli
	Identified as one of 10 “unknown unknown” genes prioritized for characterization
	[64]
	No

	
	
	Resolution of structure; homohexameric toroid quaternary structure; each monomer displays a di-nuclear metal ion-binding site; likely involved in DNA repair
	[65]
	Yes

	
	
	Members of operon, regulon (pxpABC/ybgJKL) characterized to constitute requisite steps of 5-oxoproline metabolism (in prokaryotes); data applies to B. subtilis for this association, but ybgI homolog is absent from this operon
	[66]
	No

	
	
	Mutant: sensitivity to chemically-induced ss-/ds-DNA, -RNA lesions
	[67]
	No

	
	
	Cytosolic subcellular localization
	[68]
	No

	
	
	Decreased survival when mutant subjected to IR
	[69]
	No

	
	
	No survival impairment when mutant subjected to UV radiation; co-localized at poles (during cell division; localized w/ PstB and TktA); GlmS likely interaction partner; sensitivity to antibiotics affecting cell wall synthesis
	[70]
	Yes

	
	
	Predicted GO annotation: (BP) Molybdopterin cofactor metabolic process; (MF) hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides
	[71]
	No

	
	
	Predicted binding sites compatible with role in DNA metabolism
	[72]
	No

	
	
	Ranked 63/4290 in ethanol gene response (ethanologenic E. coli strain)
	[73]
	No

	
	
	Expression notably activated by paraquat
	[74]
	No

	
	
	Significantly increased abundance (+3.1 fold-change) in response to vanillin
	[75]
	No

	
	
	Determined theoretical values of pI, MW (5.07, 26,892.48, respectively)
	[76]
	No

	
	
	Observed to bind (as a 20bp sequence fragment) with MarA, SoxS and Rob (Kd(nM-1) = >1000, >1000 and 750, respectively)
	[77]
	No

	
	
	One of 3 protein domains (det. via Pfam; NIF3, p-value = 0.00203) indicated as being preferentially recognized by both cathelicidin-derived antimicrobial peptides, Bac7 (bactenecin 7) and PR-39 (proline-arginine-rich peptide 39); these two antimicrobial peptides indicated to likely interact with proteins involved in aspartate family amino acid catabolism/metabolism (GO enrichment of 82 hits), proteins involved in fructose/mannose metabolism and terpenoid backbone biosynthesis (KEGG analysis of 82 hits)
	[78]
	No

	
	
	Predicted to function as an alpha-/beta-amylase (residues: H63, H64, H97, H215, E194*, E219, D101, N108, C171, Y22, W68) via structure-based prediction
	[79]
	No

	
	
	One of 4 purported stress response genes differentially expressed by >-2-fold with exposure to 6-HO-BDE-47; behavior of longitudinal expression across 3 distinct concentrations (0.09, 0.9, 9 mg/L) was most similar to ydiV, dcd, and pepD (cluster diagram, distance kernel = Manhattan)
	[80]
	No

	
	
	Experimentally validated to be bound by σ70 (aerobic conditions) post-prediction of binding events by dPeak analysis of σ70 PET ChIP-Seq data
	[81]
	No

	
	
	Shown to interact with TorR (cell lysate); found to co-localize at the cell poles with OmpT, MalF, PstB, YcfH and OmpR (GFP-fusions)
	[82]
	No

	
	
	Notably elevated expression of operon upon sdiA amplification (>2.1-fold increase across operon); linked to sdiA-mediated mitomycin C resistance; correlated with AcrA/B-mediated efflux (>2.0-fold increase)
	[83]
	No

	
	
	Identified as one of 6 proteins identified to only survive trypsin digestion (cell lysate digested with 0.40 mg/mL trypsin for 4 days)
	[84]
	No

	
	
	Listed as being localized to the inner membrane; significantly induced (>40% change) alongside 10 other proteins with the depletion of EcfE, an essential inner membrane-anchored protease regulated by EσE
	[85]
	No

	
	
	Predicted regulation target of cAMP-CRP, divergently transcribed with ybgH
	[86]
	No

	
	
	Downregulated (>2-fold) in WT FADD (Fas-associated death domain)-DED(death effector domain)-expressing cells
	[87]
	No

	
	
	Notably down-regulated in ESBL (extended spectrum beta-lactamase) gene carrier when incubated under bentonite condition (p<0.05)
	[88]
	No

	
	
	Transcribed with nei (endonuclease VIII) as a component of the same operon, of which also contains no internal promoters; this operon partner, nei, can compensate for the absence of nth, another endonuclease (III)
	[89]
	No

	
	
	Mutant: UV sensitivity = “slightly”
	[90]
	No

	
	
	Significant differential expression observed in two of three strains (EC100, DH5-alpha; RM109 was the exception) upon (Aminomethyl)phosphonic acid (AMPA) but not glyphosate treatment
	[91]
	No

	
	
	Describes how CutA family was identified as a group within the PII superfamily through use of COG3323-member NIF3 proteins
	[92]
	No

	Eab7_0807
	Exiguobacterium antarcticum strain B7
	Indicated as one of 132 hypothetical proteins functionally annotated in genome; predicted to be cytoplasmic, not containing transmembrane or signal peptide domains
	[93]
	No

	FN1791
	Fusobacterium nucleatum subsp. nucleatum
	Gene fusion with NUDIX family protein (pfam00293); convergently encoded downstream relative to ptsH-ptsI, contributing genes to the phosphoenolpyruvate:carbohydrate phosphotransferase system (PTS) (operators of which co-regulate CcpA in Firmicutes)
	[94]
	No

	NIF3L1
	Gallus gallus
	Downregulated in ileal tissue of H9N2 AIV-infected chickens relative to uninfected controls after 12 hours, increased relative to controls after 24 hours of infection
	[95]
	No

	XynX
	Geobacillus stearothermophilus
	xynX negatively regulates expression of xynA (encodes a secreted xylanase), the latter of which is encoded divergently relative to xynX
	[96]–[98]
	Yes/No(2)

	
	
	xynX may be negatively regulated by XylR
	[96], [98], [99]
	Yes/No(2)

	
	
	Leading gene encoded within operon containing axe2 (acetylxylan esterase) and xynB3 (β-xylosidase)
	[100], [101]
	No(2)

	GSU3085
	Geobacter sulfurreducens 
	Significantly downregulated (−1.227 ± 0.246 (log2-fold ratio ± SD)) in OmcB-deficient mutants grown in acetate-limiting Fe(III) citrate-grown continuous culture
	[102]
	No

	HD1471
	Haemophilus ducreyi
	Co-transcribed with mazG (nucleoside triphosphate pyrophosphohydrolase), cpxR and cpxA (the latter pair compose the organism’s only two-component regulatory system, a system that represses key virulence genes[103])
	[104]
	No


	
	
	Expression levels were unchanged in ΔcpxA
	[105]
	No

	
	
	In stationary phase, significant differential expression observed in ΔcpxA (fold-change = -2; p-value = 6.90E-15)
	[103]
	No

	
	
	+3.54 fold-change in Δhfq (inactivated insertion); -3.5 fold-change stationary phase relative to mid-log phase
	[106]
	No

	HI0105
	Haemophilus influenzae
	Identified as a conserved hypothetical protein by sequence-based functional characterization; emphasized point: functional differences between conserved unknowns are likely to occur between disparate taxa
	[107]
	No

	
	
	15 bp at the 3’-end of gene overlapped by a 46-bp repeat sequence, NTHI0188, a gene characterized as “M enzyme type I” (part of a restriction-modification (RM) gene set: NTHI0188, NTHI0190, NTHI0192, NTHI0193); links NIF3 homolog to protective cell features assoc. with methylation and the digestion of foreign, unmodified DNA
	[108]
	No

	
	
	Listed as being one of many hypothetical proteins to have some form of functional annotation
	[109]
	No

	
	
	No cleavage by GlpG observed (glpG mutant demonstrating hyperactivity)
	[110]
	No

	HVO_2298
	Haloferax volcanii
	Located in operon with genes pivotal to polyamine metabolism, the modification of translation initiation factor 5A (IF5A)
	[111]
	No

	
	
	Notable differential expression in ΔglpR relative to WT under two growth conditions: glycerol= -0.14 [Log10 transformed ratio], SD= 0.58; glucose= -0.33 [Log10 transformed ratio], SD= 0.33
	[112]
	No

	HP0959
	Helicobacter pylori
	GTP-binding, ostensible cyclohydrolysis in vitro (source of “GTP cyclohydrolase I type 2” annotation)
	[113], [114]
	Yes/No

	
	
	Adjacent flgZ (HP0958), an essential motility gene (shared operon)
	[44]
	No

	
	
	Not required for RpoN stability or motility; zinc-ribbon domain of adjacent gene, HP0958, req. for RpoN accumulation
	[115]
	No

	NIF3L1/
ALS2CR1/
CALS-7/
MDS015/
My018
	Homo sapiens
	Ubiquitously expressed throughout embryonic development, throughout tissues; strong over-expression in spermatogonia-derived, teratocarcinoma cell lines; isolated, characterized; cytosolic subcellular localization; highly conserved N-, C-terminal regions; shares inserted region of its murine homolog
	[116]
	Yes

	
	
	NIF3L1 interacts with its splice variant, NIF3L1 BP1 (THOC7), colocalizing in the cytosol; C-terminal leucine zipper-like domain mediates variant interaction; not indicated to act as a repressor in NIH3T3 cells; binding partner, NIF3L1 BP1, differs in localization due to additional passive presence in the nucleus
	[117]
	Yes

	
	
	Differentially upregulated in osteoporosis (top 20 DEGs; blood)
	[118]
	No

	
	
	Located within a low-risk breast cancer locus region
	[119]
	No

	
	
	Within homozygous consensus region significantly overrepresented in late-onset Alzheimer’s disease 
	[120]
	No

	
	
	Listed as biomarker of Amyotrophic Lateral Sclerosis (ALS) for systematic analyses
	[121]
	No

	
	
	Retinoic acid-induced binding & cooperative translocation with Trip15/CSN2 from the cytosol to the nucleus (early neuronal development; results in gene silencing of Oct-3/4, a suppressor of cell differentiation); ubiquitously expressed across tissues, important for neuronal development
	[122]
	Yes

	
	
	Described as a transcriptional regulator, identified (by RIP, RNA immunoprecipitation) as 1 of many RNA interacting with APE1 (IPA, Ingenuity Pathway Analysis)
	[123]
	No

	
	
	1 of top 15 Fas/Fas ligand pathway polymorphisms in Fluid and Catheter Treatment Trial linked to acute kidney injury (AKI) in Caucasians (odds ratio = 2.36 (1.15-4.88); p-value = 0.02; FDR = 0.67; MAF (minor allele freq.) = 0.10)
	[124]
	No

	
	
	Significantly (several SNPs) associated with triptolide IC50 (concentration resulting in death of 50% of cells) in LCLs (lymphoblastic cell lines) (p < 0.00001; GWAS)
	[125]
	No

	
	
	Binding partner NIF3L1 BP1 is 1 of few genes affected by epidermal growth factor (EGF) to first-trimester decidua cultures (FTDC) (downregulated; fold change = -7.4), illustrating a reciprocal negative interaction of EGF & PIF (preimplantation factor)
	[126]
	No

	
	
	Binding partner, NIF3L1 BP1, interacts with FMIP (Fms-interacting protein; both members of the THO complex, involved in mRNA processing), which localizes to the nucleus, cytoplasm; FMIP is required for the localization of NIF3L1 BP1 to the nucleus
	[127]
	No

	
	
	Significantly decreased protein abundance (mean fold change = 0.136) in human corneal stromal keratocytes (CSKs) supplemented with cryopreserved human amnion extract (C-AME) compared to F-AME (fresh AME); C-AME-driven downregulation correlated with reduced proliferation rate of CSKs in culture
	[128]
	No

	
	
	Significantly differentially regulated in two major sCJD (sporadic Creutzfeldt-Jakob disease)-associated variant genotypes of PRNP (human prion protein) gene, PrPSc type 1 (MM1; fold change = 6.8; increased; p-value = 0.0231) and PrPSc type 2 (VV2; fold change = 3.2; opposite; p-value = 0.1423)
	[129]
	No

	
	
	Identified as being of low-abundance and inconsistently detectable in erythrocytes, absent in platelets and plasma
	[130]
	No

	
	
	Not significantly altered in Plasmodium falciparum trophozoite stage parasites extracted from human red blood cells treated with either 2 ozonides (OZ277, OZ439) nor DHA relative to untreated parasites (parasite + host-derived proteome)
	[131]
	No

	
	
	Described as being 701 S/G2-M phase-regulated despite its lack of characterization
	[132]
	No

	
	
	Included in 1 of the deletions presenting in 23 PAH (pulmonary arterial hypertension) cases affecting the BMPR2 (bone morphogenic protein type 2 receptor) locus
	[133]
	No

	
	
	Present in brain, spinal cord and lymphocytes; detected as two distinct transcripts with similar patterns of expression; highest levels of both transcripts presented in the heart, skeletal muscle and testis; smaller transcript was expressed at a higher level than the other; no deletions or polymorphisms linked to ALS patients when compared to controls; 1 of 6 candidates eliminated as being causatively linked to ALS2
	[134]
	Yes

	
	
	Observed notable detection in sporadic sarcoma tissue (difference = 0.339; p-value = 0.0052; frequency = 66.8) but not in radio-induced sarcoma tissues
	[135]
	No

	
	
	Binding partner (NIF3L1 BP1/THOC7) linked to negative regulation of innate antiviral immunity through inhibition of TBK1 (via interaction, ubiquitin-dependent degradation)
	[136]
	No

	
	
	Within locus significantly associated with mast cell degradation by silver nanoparticles (AgNP) (adjusted p-value = 0.00431)
	[137]
	No

	
	
	Decreased expression with TET1 knockdown  positively correlated to upregulated methylation in 5' regions (transcription start sites, 1st exons)
	[138]
	No

	
	
	Correlated with lapatinib sensitivity of breast cancer cell lines in vitro (HER2-targeted therapy) (r(Spearman) = 0.490196; p-value = 0.0389), SNV (single nucleotide sequence variant) variant type associated with HER2-positive tumors
	[139]
	No

	
	
	Significantly increased relative abundance in nucleus (fold of regulation = 70.76; log2 = 6.14; Anova (p) = 0.00) in muscle cells deficient of functional laminin-211 (patients with congenital muscular dystrophy type 1A (MDC1A) (mutant, recessive; LAMA2, alpha 2 subunit of laminin-211))
	[140]
	No

	
	
	1 of 9 genes strongly correlated with both metastatic lesions and primary tumors, highly upregulated in metastases
	[141]
	No

	
	
	1 of 4 hypermethylated, significantly differentially expressed genes shared between two cancellous bone specimen groups, osteoarthritis & osteoporosis
	[142]
	Yes

	
	
	1 of 89 direct target genes of estrogen receptor regulation (breast tumor cells); predicted to possess ERE (estrogen response element) in cis-regulatory region; of minority of genes with ER-regulation targeted orthologs with EREs in mice
	[143]
	No

	
	
	Predicted to affect risk for ASD (autism spectrum disorder) (de novo loss-of-function mutations = 0; false discovery rate (q-value) = 0.0025-0.025)
	[144]
	No

	
	
	mRNA interacts in vivo with RBBP8 (z-score = 19) in HuH-7 cells (HuProt array)
	[145]
	No

	
	
	Showed significantly differential pattern of expression across cell lines following high dose of gamma radiation (≥8 Gy) but not after low dose (≤2 Gy)
	[146]
	No

	
	
	Cooperatively with 14-3-3 regulates the transcriptional activity of Wbscr14 by preventing its nuclear localization through complex formation (Wbscr14 participates in complexes activating transcription of lipogenic enzymes, promoting fat accumulation)
	[147]
	Yes

	
	
	Notably decreased in expression across lung CD103+ resident memory T cells, while substantially increased in peripheral blood T cells (i.e., naive, central memory and effector memory T cells)
	[148]
	No

	
	
	(In βTC-tet cells) binds to Clic4, a cytokine-induced gene in pancreatic β-cells linked to cytokine-induced apoptosis
	[149]
	No

	
	
	Decreased gene expression relative to healthy controls linked to myocardial infarction (MI), possible pathology biomarker
	[150]
	No

	
	
	Ranked within the top 20 genes most significantly correlated with MRPS30 (elevated gene expression of MRPS30, ER-positive risk allele neighbor, is exclusively linked to ER-positive tumors)
	[151]
	No

	
	
	Nearest gene (in add. to PPIL3) to genomic methylation location linked to prenatal maternal stress exposure in neonates through EWAS meta-analysis (2nd in list of ascending P-values)
	[152]
	No

	
	
	Differential expression was notable in peripheral blood samples where PFOS (perfluorooctane sulfonate, an environmental pollutant) was determined "high"; differential gene sets were enriched for contributors to the citrate cycle pathway
	[153]
	No

	
	
	In top 10 ranked genes in combined analysis of 4 disease-associated echocardiographic traits (left atrial size, left ventricular internal dimension, left ventricular mass) & Alzheimer's Disease through genome wide association meta-analysis, gene-wise statistics calculation
	[154]
	No

	
	
	Downregulation in-parallel with demethylation genes, upregulation of methyl-transferase genes linked to hyper-methylation, histone modification; associated with ventricular septal defects (VSD) in monozygotic twins with trisomy 21
	[155]
	No

	
	
	Notably suppressed in BL2 cells (transformed germinal centre B cells) in vitro after αIgM treatment
	[156]
	No

	
	
	Shown to significantly activate autoantibodies (p-value = ≤0.05)
	[157]
	No

	
	
	Shown to interact directly with the tax and rex proteins of HTLV-1 (Human T-cell Leukemia virus type-1), as well as tax2 and rex proteins of HTLV-2 (Human T-cell Leukemia virus type-2); interaction implicated in post-transcriptional export of viral mRNAs from the nucleus to the cytoplasm
	[158]
	No

	
	
	listed as contributing gene within a novel exomic copy number variant (CNV) >100 kbp (duplication) linked to independent cases of specific language impairment (genes: fam126b, ndufb3, nif3l1, orc2)
	[159]
	No

	
	
	Expression linked to role in embryonic stem cell pluripotency
	[160]
	No

	
	
	Contributes to interaction network of JAK2/STAT3 signaling pathway; predicted to be regulated by miRNAs of genes associated with JAK2/STAT3 pathway
	[161]
	No

	
	
	Decreased expression correlated (by co-expression module; FDR <0.05)) to Timothy Syndrome in vitro, in vivo (NIF3L1, LIN28A, TEX10, AMMECR1, NCAPG); co-expression module linked to cell cycle phase, cell division, nuclear division by enrichment
	[162]
	No

	
	
	Copy number variant (CNV) linked to cases of spontaneous premature ovarian failure (POF) (carriers among cases = 0.33%; carriers among controls = 0.03%) (genes: satb2, ftcdnl1, c2orf69, tyw5, c2orf47, spats2l, kctd18, sgol2, aox1, aox2p, bzw1, clk1, ppil3, nif3l1, orc2, fam126b)
	[163]
	No

	
	
	Significantly repressed through the p53-LIN37/DREAM pathway (adj. P <0.001)
	[164]
	No

	
	
	Unlikely to be regulated by variant regulatory elements (REs) associated with atrial fibrillation; highly expressed in heart tissue
	[165]
	No

	
	
	Significantly increased abundance detected in inflammasome complexes after treatment of HK1/ASC cells with H2O2, but not after treatment with poly (dA:dT) or EBER (Epstein-Barr virus noncoding RNAs) [inconsistent with: pathogen response; consistent with: oxidative stress response]
	[166]
	No

	
	
	Large copy number variant (CNV) linked to case(s) of autism spectrum disorder (ASD) (genes: aox1, bzw1, c2orf47, c2orf60, cflar, clk1, fam126b, flj38973, kctd18, loc26010, ndufb3, nif3l1, orc2l, ppil3, satb2, sgol2)
	[167]
	No

	
	
	Identified as a driver gene of adenocarcinoma of the ovary grade 2 (significantly correlated, differential expression)
	[168]
	No

	
	
	Differentially upregulated in endolysosome fractions (7.5-TLR3 cells) upon infection with hepatitis C virus (HCV); not implicated in HCV-induced antiviral gene expression
	[169]
	No

	
	
	HLA surface expression unaffected with the deletion of TAP (deletion of TAP reduces this expression 5x)
	[170]
	No

	
	
	Strongly associated with insulin resistance in human male subjects (as antibody target) (insulin resistance prevalence = 44.44%; insulin sensitivity prevalence = 5.56%; p-value = 0.003399)
	[171]
	No

	
	
	Differentially upregulated in FEMX-I and FEMX-V (melanoma cell lines) that were not differentially upregulated in their respective xenographs (fold change = 5.10; p-value <0.05)
	[172]
	No

	
	
	Differential gene expression (subnetwork/cluster; log-rank test p-value = 0.003697) in glioblastoma multiforme (GBM) patients linked to expected survival prognosis
	[173]
	No

	
	
	Substantially decreased expression upon treatment with MNPs (metallacage-loaded nanoparticles) (U87MG, human glioblastoma cell line; relative to untreated)
	[174]
	No

	
	
	Included in 7.5-Mb interstitial deletion on 2q32.3-33.1, containing 28 genes of a patient diagnosed with SATB2-Associated 2q32-q33 microdeletion syndrome (severe developmental disorder)
	[175]
	Yes

	
	
	Significantly associated with triptolide chemosensitivity (lymphoblast cell lines)
	[176]
	Yes

	
	
	COPS2 point mutations consistent with NIF3L1-COPS2 co-repression relationship (limited; pathogenesis assoc.: S120C, N144S, Y159H, R173C)
	[177]
	Yes

	
	
	Referenced as the binding partner of THOC7 or NIF3L1-binding protein 1; described as a transcriptional repressor
	[136]
	No

	
	
	Identified as a putatively secreted protein of laryngeal tumors; one of 17 genes demonstrating increased expression in patients with shorter survival
	[178]
	No

	
	
	Referenced in review summary as one of several genes with variants associated with increased breast cancer risk
	[179]
	No

	
	
	One of four genes downregulated DEGs in medial temporal gyrus (MTG), superior frontal gyrus (SFG), primary visual cortex (VCX) in brains of Alzhaimer's disease patients relative to controls
	[180]
	No

	
	
	Significantly downregulted in heart tissues of patients undergoing off-pump coronary artery bypass graft (OPCABG) procedure and were treated with Sevoflurane (relative to control patients undergoing same procedure)
	[181]
	No

	
	
	Predicted one of nine mRNA prognostic markers in hepatocellular carcinoma (survival analysis; P<0.01), high expression of was associated with poor prognosis
	[182]
	No

	
	
	Indicated as one of several genes targeted by microRNA hsa-miR-384 (of which is competitively inhibited by circRNA hsa-circ_0001338 via binding microRNA response elements); upregulation of this circRNA implicated in the development and progression of hepatocellular carcinoma
	[183]
	No

	
	
	Identified as an intracellular idiopathic pulmonary fibrosis (IPF)-specific antigen targeted by auto-antibodies; upregulated in IPF lesions
	[184]
	No

	
	
	Significantly increased expression and interaction with APE1 associated with poor prognosis in colorectal cancer
	[185]
	No

	
	
	Differentially expressed >50% (>1 log fold-change) in ON-class rod bipolar cells (cells that release neurotransmitters in response to increases in illumination)
	[186]
	No

	
	
	Contained within one of 148 correlated gene modules (CGMs, clusters of 10-200 genes highly correlated with each other): cluster 35 (183 genes), enriched for genes involved in cell cycle
	[187]
	No

	
	
	Indicated (via whole genome sequencing data derived from patients affected by polycystic ovary syndrome) to have >2.0 log of the odds ratio (LOD) of allele-sharing probability between affected relative pairs relative to discordantly affected relative pairs (high heritability, disease status associated)
	[188]
	No

	
	
	Contributor to protein-protein interaction network (p-value=0.018) of top 300 hub genes from intracellular transport/autophagy module (SC.M2) indicated as ALS genetic risk factors; not highlighted as a having annotation indicating relevance to ALS pathophysiology
	[189]
	No

	
	
	One of 56 genes indicated as being regulated in two separate carcinoma cell types by distinct transcription factors SOX2 (TF, embryonal carcinoma cells) and SOX17 (TF, seminoma cells); also target of NANOG in embryonic stem cells
	[190]
	No

	
	
	Clustered with 24 other genes based on an ingenuity pathway analysis (QIAGEN IPA), implicated in cardiovascular disease; cluster labeled "Cellular Movement, Hematological System Development and Function, Immune Cell Trafficking"
	[191]
	No

	
	
	One in 108 proteins in MCF7 and 111 proteins in MDA-MB231 (breast cancer cell lines) significantly downregulated in mitochondria upon treatment with TNF-α
	[192]
	No

	
	
	Found to have altered expression in two Marinesco-Sjogren syndrome models (up in humans, down in mice): SIL1-KD HEK293 cells, as well as Woozy mouse sciatic nerve cells
	[193]
	No

	NIF3L1
	Idiosepius paradoxus
	Significantly differentially expressed in embryonic head (including brain, eye tissue) relative to body tissue (remaining embryo) (upregulated; fold-change = 71.51518)
	[194]
	No

	CEN27895.1
	Lactococcus piscium
	Downregulated at 185 minutes of incubation at 0ºC (cold shock treatment)
	[195]
	No

	LDBND_1102
	Lactobacillus delbrueckii STYM1
	Isolated as a notably abundant protein in cell extracts of strain STYM1 also observed to be bactericidal/inhibitory of Porphyromonas gingivalis growth
	[196]
	No

	lpg2515
	Legionella pneumophila
	Incorrectly annotated as a RtxA homolog; designated as a known virulence factor but appears to be a novel factor influencing amoeba infiltration (via scatter screen)
	[197]
	No

	
	
	Mutant not observed to notably impact, either positively or negatively, the intracellular growth of L. pneumophila in Drosophila cells (both, untreated and treated with dsDNA encoding the following: sar1, arf1, sec22, rab1 and bet5)
	[198]
	No

	
	
	Shares operon with smlA (now, phtK [lpg2516]), which was identified as a putative solute efflux system (MFS, major facilitator superfamily protein)
	[199]
	No

	
	
	Found across 27 species of Legionella; not indicated as being a virulence factor or “effector”
	[200]
	No

	
	
	Operon partner, lpg2516 (phtK/smlA), is upregulated by nicotinic acid, which is also shown to incite expression of virulence traits
	[201]
	No

	LMXM_11_0130
	Leishmania mexicana
	Identified as the top enriched interactor in DUB2 (deubiquitinating cysteine peptidase 2) interactome, of which has been shown to play an essential role in establishing infecition
	[202]
	No

	NIF3L1
	Macaca sp.
	Targeted by miRNA (mml-miR-582-5p) that is decreased in expression in striatum by simian immunodeficiency virus (SIV) infection and is restored to control levels by chronic administration of THC (9-tetrahydrocannabinol); targeting miR expression during SIV infection and chronic THC administration, alone, were nearly equivalent
	[203]
	No

	
	
	Mutant RNA phenotype conserved in development of monkey (Macaca fascicularis) PG-haESC genomic hybridization mutant screening model for human disease (one of several human genes used to evaluate cells)
	[204]
	No

	
	
	Indicated likely to have functional roles as it relates to neuronal regeneration and recovery from central nervous system lesions (fold change (LPZ/peri-LPZ) = 0.35 +/- 0.05; LPZ = lesion projection zone of primary visual cortex (V1); peri-LPZ = zone adjacent to LPZ, furthest from projection zone)
	[205]
	No

	NIF3L1
	Meleagris gallopavo
	Located in ROH (runs of homozygosity) island 1,727,826 of one of two autocthonous groups (ROH island: where SNPs are found in ROH are found in at least 70% of birds in each group); noted as being previously linked to skin thickness in swine (Sus scrofa domesticus) (PMID: 24796629)
	[206]
	No

	HcgD/
MJ0927
	Methanocaldococcus jannaschii
	Likely iron chaperone required for FeGP cofactor biosynthesis
	[207]
	Yes

	
	
	Homohexameric quaternary structure composed by the interfacing of 2 homotrimeric units; dinds to ssDNA/dsDNA
	[208], [209]
	Yes(2)

	
	
	Genomic associations of Archaeal E1-like enzymes (ThiF/MoeB)[arCOG01677]: CinA C-terminal domain homologs (arCOG04863, arCOG04865), NAD-binding domain containing proteins (arCOG04864), NIF3 homolog (arCOG04454); predicted as being associated with tRNA modification pathway (Ub1/URM1, Nsc6p, Ncs2p)
	[210]
	No

	
	
	Component of operon containing (HcgC) an S-adenosylmethionine (SAM)-dependent methyltransferase important for the biosynthesis of the iron guanylylpyridinol (FeGP) cofactor of [Fe]-hydrogenase
	[211], [212]
	No(2)

	
	
	Component of operon containing two contributors to steps crucial in the biosynthesis of the iron guanylylpyridinol (FeGP) cofactor of [Fe]-hydrogenase; HcgE adenylylates the carboxy group of guanylylpyridinol (GP), generating AMP-GP and HcgF catalyzes the transesterification of this product to produce a Cys (HcgF)-S-GP thioester
	[213]
	No

	Mmp0053
	Methanococcus maripaludis 
	One of several hcg genes required for the function [Fe]-hydrogenase, Hmd (while hmdII is not); Triple mutant with Δfrc and Δfru induces least significant impact upon growth on H2 compared to triple mutants of Δfrc and Δfru with ΔhcgA, ΔhcgB, ΔhcgC, ΔhcgE, ΔhcgF, ΔhcgG, or Δhmd; no differences in growth observed between mutants grown on formate
	[214]
	No

	MTBMA_c15300/
HcgD
	Methanothermobacter marbugensis
	Described as a putative redox-state-dependent iron chaperone within the context of the Hmd and Hmd-co-occurring genes involved in the biosynthetic pathway of iron-guanylylpyridinol (FeGP) cofactor of [Fe]-hydrogenase
	[215]
	No

	MPC_396
	Moranella endobia
	Gene has been shortened (due to either a frameshift or premature stop codon) in comparison to orthologs in free-living relatives
	[216]
	No

	Nif3l1/
1110030G24Rik
	Mus musculus
	Isolated, characterized; ubiquitous expression pattern across tissues; cytosolic subcellular localization; highly conserved N-, C-terminal regions; shares inserted region of its human homolog
	[116]
	Yes


	
	
	Retinoic acid-induced binding & cooperative translocation with Trip15/CSN2 from the cytosol to the nucleus (early neuronal development; results in gene silencing of Oct-3/4 a suppressor of cell differentiation); ubiquitously expressed across tissues, important for neuronal development
	[122]
	Yes

	
	
	Significantly decreased protein abundance in MPS VII mice (mucopolysaccharidosis type VII; liposomal storage disease, β-glucuronidase deficiency-driven) (fold-change = -2.81; p-value = 0.031)
	[217]
	No

	
	
	Listed as 1 of 5 interactors with RP1, a purported modulator of cilium length, in the description of ciliopathy disease model characterization; RP1 phenotype described as slow retinal degeneration, photoreceptor domain is listed as “Axoneme”
	[218]
	No

	
	
	Detected at a notably high abundance in brown fat tissue in a phosphorylated form (site = T254; spectral count = 12) with lack of tissue-enriched expression
	[219]
	No

	
	
	Binding partner, NIF3L1 BP1, is also ubiquitously expressed across tissues and localizes in the same manner (nuclear, cytosolic); alongside NIF3L1 BP1 is strongly overexpressed in spermatogonia-derived cells; interaction with NIF3L1 BP1 is restricted to the cytosol; expression pattern is opposite of NIF3L1 BP1, which gradually increases in germ cells, reaching maximum expression in adult mice
	[220]
	No

	
	
	Participant in IPA (Ingenuity Pathways Analysis) network generated for Oct-4-regulated genes (enrichment: cancer, reproductive system disease, cell death)
	[221]
	No

	
	
	1 of 9 candidates encoded in an eQTL (expression quantitative trait locus) “super hotspot” [chromosome 1, male mice] described as likely being responsible for the trans regulation of many genes 
	[222]
	No

	
	
	Not linked to albinism; elevated expression with significant correlation to CCT (central corneal thickness, an ethnicity-correlated trait in humans); not considered protein of the known corneal proteome
	[223]
	No

	
	
	One of small fraction of proteins (5.4%) that showed significant differences between SOCS2KD (RNAi knockdown) & SOCS2WT mouse embryonic fibroblasts (MEFs) (p-value (-log10) = 2.376; log2 fold-change = 0.644)
	[224]
	No

	
	
	Target of IRF8 (interferon regulatory factor 8; important for B cell differentiation) significantly impacted by IRF8 knockdown (upregulated; q-value = 0.262948901; log2 fold-change = 0.370053659)
	[225]
	No

	
	
	Binding partner, NIF3L1 BP1, interacts with FMIP (Fms-interacting protein; both members of the THO complex, involved in mRNA processing), which localizes to the nucleus, cytoplasm; FMIP is required for the localization of NIF3L1 BP1 to the nucleus
	[127]
	No

	
	
	Increased expression correlated with exposure to sphingolipids produced by Bacteroides thetaiotaomicrob strain VPI 5482 (in vitro), increased [GI] loads of which strain are positively correlated with host insulin resistance
	[226]
	No

	
	
	Significantly downregulated in BdkrB2-/- relative to BdkrB2+/+ (p-value = 0.0489), the resulting phenotype of the former being renal dysgenesis during gestation
	[227]
	No

	
	
	Significantly down-regulated in murine tumors expressing human apoA-I (A-ITg+/–; high plasma HDL-c levels) relative to apoA-I null mice (A-I KO; low plasma HDL-c levels)
	[228]
	No

	
	
	Differentially detected in liver tissues of 9-month old mice treated with short-chain fatty acids
	[229]
	No

	
	
	Significantly deregulated in combined treatment groups with ketamine and irradiation (100 mGy, 200 mGy); associated with permanent cognitive impairment in mice
	[230]
	No

	
	
	Downregulated in murine tissues of the kidney and aorta in EGFR knockout mice subjected to a high fat diet relative to a standard fat diet (kidney, KO-WT = -1.5; aorta, KO-WT = -3.0)
	[231]
	No

	
	
	Found to have altered expression in two Marinesco-Sjogren syndrome models (up in humans, down in mice): SIL1-KD HEK293 cells, as well as Woozy mouse sciatic nerve cells
	[193]
	No

	MAV_2209
	Mycobacterium avium 104
	Operon partner, MAV_2210, selectively binds to COP9 signolosome subunit (C5N5; C5N5 is linked to protein inactivation in macrophage cytosol); MAV_2210 is described as a Mn++/Fe++ transporter
	[232]
	No

	MAP1982c
	Mycobacterium avium subsp. paratuberculosis
	Operon partner, MAP1981c, incites immune response (confirmed immunogen), significantly increasing IgA and IgG levels after enteric infection of calves
	[233], [234]
	No(2)

	
	
	Operon partner, MAP1981c, induces phenotypic maturation of dendritic cells, Th1-polarization; MAP1981c is not cytotoxic but induces DC maturation via TLR4-mediated, MAPKs/NH-kB signalling pathways; evidenced link between organism, via its antigen, MA1981c, and pathology of Crohn’s disease, Johne’s disease
	[235]
	No

	MLBr_01639
	Mycobacterium leprae str. Br4923
	Predicted functional annotation for 1 of 312 hypothetical protein-coding genes
	[236]
	No

	MMAR_3306
	Mycobacterium marinum
	Operon partner, mmar_3307, is linked to iniBAC induction through its role in cobalamin biosynthesis; iniBAC is an operon that is robustly upregulated during treatment with ethambutol, isoniazid
	[237]
	No

	MSMEG_4307
	Mycobacterium smegmatis
	This homolog shows a conserved signature indel (CSI) of two amino acids that is present in all Mycobacterium species except in members of the “Abscessus-Chelonae” clade
	[238]
	No

	
	
	Expression, including that of operon members MSMEG_4306 and MSMEG_4305, is driven by an essential RNase H1 enzyme encoded by rnhC via native promoter; a subset of Mycobacterium encode only RnhC as sole RNase H1 (M. smegmatis & 34+ other taxa); RnhA-minus group incl. human-/animal-pathogenic species
	[239]
	No

	
	
	Described as a member of histidine kinases; present in all Mycobacterium; 64% identity with Nocardia farcinica (NFA16340); no listed Streptomyces (SCO/SAV) homolog; several listed Corynebacteria: CG2457 (49%), DIP1680 (53%), JK0667 (51%), CE2135 (50%)
	[240]
	No

	
	
	Determined to be co-expressed with neighbors (operon members) MSMEG_4306 and MSMEG_4305 (RNA-seq, RT-PCR)
	[241]
	No

	
	
	Operon neighbor and expression partner, MSMEG_4306, is validated in DNA-binding capabilities (DNA-association evidenced through several assays)
	[242]
	No

	
	
	Expression partner, MSMEG_4306, is a structural, sequence homolog of C. trachomatis (CT398), H. pylori (HP0958); by remarkable homologies, MSMEG_4306 predicted to be component of a type III secretion system
	[243]
	No

	
	
	Expression partner, MSMEG_4306, demonstrated substantial but not* significant, positive fold-change response to VapC conditional expression in ΔvapBC mutants (vapBC operons encode the largest family of toxin-antitoxin modules; vapBC negatively regulates glycerol utilization pathways, VapC targets cohort of genes involved in sugar metabolism, transport)
	[244]
	No

	
	
	Operon partner, MSMEG_4305, is essential for the survival of M. smegmatis
	[245]
	No

	Rv2230c
	Mycobacterium tuberculosis
	Significantly downregulated in ΔsigM mutant (fold-change = 2.7; p-value =0.014); SigM linked to host-pathogen interaction (late-stage infection)
	[246]
	No

	
	
	Operon partner, Rv2228c, is proposed to primarily function in phosphate generation (environment of obligate intracellular pathogen is phosphate-poor); fusion of cobC and RnhA (RNase HI), increased activity relative to RNase H homologs
	[247], [248]
	No(2)

	
	
	Operon partner, Rv2228c (RnhA-CobC fusion), is unique to mycobacterial replisome/repair (not present in E. coli)
	[249]
	No

	
	
	Significantly decreased protein abundance (fold-change = -1.018063891 (log10, NM vs. WT); p-value = 0.010833) in clinically isolated natural mutant (15kb genomic deletion = 12 genes; decreased virulence)
	[250]
	No

	
	
	No significant differential expression observed with mefloquine treatment
	[251]
	No

	
	
	Operon partner, Rv2229c, observed to act as an antigenic peptide by γδ T cells
	[252]
	No

	
	
	Operon partner, Rv2231c (cobC), is indicated as being under purifying selection (3/3 codons under selection; GWAS); purifying selection of cobalamin-related genes indicated adaptive value in clinical settings (AB resistance), although non-essential to organism survival
	[253]
	No

	
	
	Operon partner, Rv2231c (cobC), indicated as being conditionally essential for growth in C57BL/6 Mice
	[254]
	No

	
	
	Operon partner, Rv2231c (cobC), predicted to have L-threonine O-3-phosphate as its essential binding partner
	[255]
	No

	
	
	Operon partner, Rv2231c (cobC), determined to contribute to amino acid metabolism by the conversion of glutamate to histidinol-phosphate via improvement of in silico model using empirical data reflecting in vivo physiology
	[256]
	No

	JCVSYN2_01085/
CDS_60
	Mycoplasma mycoides JCVI-Syn3B
	Encoded in minimal genome of persister cell population (ciproflaxacin-, streptomycin-treated), overlaps with trmK/yqfN (JCVSYN2_01080)
	[257]
	No

	NGO2028
	Neisseria gonorrhoeae
	Upregulated (5.28 fold-change) in ΔnrrF mutant relative to ΔnrrF mutant with complement (p-value = 0.0715)
	[258]
	No

	NMB2054
	Neisseria meningitidis
	Encoded immediately divergent of MetR-like transcription factor linked to methionine metabolism and oxidative stress response
	[259], [260]
	No(2)

	NCU06108
	Neurospora crassa
	transcriptional regulator indicated as being under clock control; 1 of 295 clock-controlled genes of unknown function
	[261]
	No

	CI960_11205
	Parabacteroides sp. CT06
	Detected within a widely disseminated integrative and conjugative element demonstrated to promote cfxA (beta-lactam resistance gene) dissemination in Bacteroides, Parabacteroides
	[262]
	No

	NIF3L1
	Phoca largha
	Protein found to be one of 26 notably upregulated in the blood of wild pups relative to that of captive pups; was found to interact with HSP90AB1, a protein noted to have the highest number of predicted interactions in a generated protein-protein interaction network
	[263]
	No

	Plu1424
	Photorhabdus luminescens
	Identified as component of extracellular proteome of stationary phase
	[264]
	No

	
	
	(Relative to YbgI of E. coli) Protein divergence = 0.446 (Reciprocal Sequence Distance method of pairwise homolog divergence determination)
	[265]
	No

	PG2043
	Porphyromonas gingivalis
	Notably upregulated (fold-change = 3.7208481) after 10-minute exposure to 0.25 mM hydrogen peroxide in ΔvimA mutant; was not detected to be upregulated after 15-minute exposure to 0.25 mM hydrogen peroxide
	[266]
	No

	
	
	Significantly downregulated in ΔPG0228 mutant (ratio (635/532nm) = 2.51) (PG0228: PF02274, Amidinotransferase)
	[267]
	No

	
	
	One of top 20 upregulated genes (fold-change = 1.384237; p-value = 0.392613) with nitrite (200 μM) treatment; differential no longer notable in Δhcp mutant (hcp was superlative among those upregulated in WT)
	[268]
	No

	PA3762
	Pseudomonas aeruginosa PAO1
	Differentially expressed in biofilms treated with cis-2-deconoic acid (CDA) (+1.57-fold change); treatment causes dispersion response in microbial biofilms
	[269]
	No

	
	
	Differentially expressed in an elevated c-di-GMP background (-2.4-fold change)
	[270]
	No

	
	
	Left without dysregulation with treatment with peptide 1018 (treatment that inhibits biofilms formation, swarming motility of bacterial); notable differential regulation was observed in actively swarming cells relative to those at the swarm edge (fold-change = -2.0)
	[271]
	No

	
	
	Significantly upregulated in ΔphoQ mutant (fold-change = +1.6; p-value = 0.01); ΔphoQ mutant is polymyxin B hyper-resistant
	[272]
	No

	WP_046236688
WP_032702676
PP_1038
VT47_06255
WP_017124074
WP_054077596
	Pseudomonas sp.
	YqfO, or “YqfO03”, is a small secreted protein; demonstrates high potency as a nematocidal against C. elegans, M. incognita. Assert that free-standing YqfO domain-containing protein not containing any NIF3 domains is a member of the NIF3 protein family
	[273]
	Yes

	
	
	Referenced, described in the context of previous work done investigating nematocidal properties of the virulence-associated protein (P. syringae)
	[274]
	No

	PSTAB_1087
	Pseudomonas stutzeri ATCC 17588
	Enzymatic conserved domain predicted for hypothetical protein identified in genome; structure predicted using best-score template (2GX8; bit score=357.6; e-value= 8.60E-14; identity(%)=38.24; aligned(%)=97.14)
	[275]
	No

	Nif3l1
	Rattus norvegicus
	Contributor to rat-specific cholestasis gene signature (1 of top 100 genes); only male rats were used*
	[276]
	No

	
	
	In cocaine-trained rats subjected to 30 days of forced withdrawal, was observed to be hypomethylated (sample source: nucleus accumbens) in those subjected to extinction test examining cue-induced cocaine-seeking behaviors without reinforcement; fell within “cancer” (hypermethylated; p-value = 1.34E-13) and “cell death” (hypermethylated; p-value = 4.10E-05) categories of enrichment; only male rats used*
	[277]
	No

	
	
	mRNA indicated to interact with lincRNA ENSRNOT00000076905, which interacted with several other mRNAs associated with neurogenesis and neuron development
	[278]
	No

	OG0002099
	Reticulitermes flavipes
	Did not demonstrate caste-biased gene expression, while exhibiting queen-biased expression in Zootermopsis nevandensis, Cryptotermes secundus, and Macrotermes natalensis
	[279]
	No

	Z518_09833
	Rhinocladiella mackenziei
	Determined to be a member of single-copy orthologs (SCOs) shared between genomes of Rhinocladiella; observed RTH (read-through, SNP) suppression through mutation of stop codons (8%)
	[280]
	No

	Nif3/
YGL221C
	Saccharomyces cerevisiae
	1 of 5 proteins determined to interact with NGG1
	[281]
	No

	
	
	NMR crystal structure is of lower quality (grade C); quality rationalized to be most likely caused by aggregation or oligomerization of the protein
	[282]
	No

	
	
	Mutant: 2.5-fold decrease in sporulation efficiency implicating NIF3 in meiosis; coexpression metagene pair w/ RIM11 and RIM15 (4 networks); coexpression metagene pair w/ CGI121, a component of the EKC/KEOPS complex (2 networks)
	[283]
	No

	
	
	Mitochondrial subcellular localization
	[284]
	No

	
	
	Protein abundance: 6.00E+03 of a avg. total of 4.67E+07 protein molecules per cell (total cell extract) (~0.013%)
	[285]
	No

	
	
	Promotes Ty1 transposition (synthetic lethal esp1-1 screen); mutant suppresses hypertransposition phenotype of rtt101Δ and med1Δ [286]
	[287], [288]
	No

	
	
	During co-culture with Lachancea thermotolerans during alcoholic fermentation, NIF3 was observed to be significantly downregulated during T1 (early death phase) relative to phase control (fold-change = 0.757858; p-value = 0.010471)
	[289]
	No

	
	
	Predicted by RCDP (Relative Co-evolution of Domain Pairs) to interact with YNL189w/SRP1, a karyopherin alpha homolog, forms a dimer with karyopherin beta Kap95p to mediate import of nuclear proteins
	[290]
	No

	
	
	Indicated to possibly play a role in recruitment of San1 for the degradation of various toxic abnormal proteins
	[291]
	No

	
	
	Mutant failed to exhibit multinucleate cell body phenotype
	[292]
	No

	
	
	Protein shown to interact with PBP1 which interacts with MUD1 (U1 snRNP A protein, a protein involved in nuclear mRNA splicing)
	[293]
	No

	
	
	Determined to have dual/multiple subcellular localization (cytosolic and mitochondrial)
	[294], [295]
	No/Yes

	
	
	Mitochondrial protein localization did not change with treatment of cells with mitochondrial inner membrane depolarizing agent, trifluoromethoxy carbonyl cyanide phenylhydrazone (FCCP)
	[296]
	No

	comp3044_seq3
	Schistosoma mekongi
	Significantly upregulated in males relative to females in adult worms (12 Log2-fold change; p-value = 1.01E-20; FDR = 4.89E-19)
	[297]
	No

	SPCC126.12
	Schizosaccharomyces pombe
	Mutant: UV sensitivity = “medium”
	[90]
	No

	
	
	Mutant: no change in cell shape, morphology
	[298]
	No

	
	
	Mutant: normal count of mating projections but projections were observed to be abnormally long and straight (highly penetrant; grade = 9 out of 10)
	[299]
	No

	
	
	Mutant: showed increased sensitivity to MMS (methyl methanesulfonate)
	[300]
	No

	CGQ25_08800
	Sinomonas sp. R1AF57
	Shown encoded within the neighborhood of a DUF328 homolog & PF02591, the latter of which is within the same operon
	[301]
	No

	A0A0E3ZV03/
SD10_07820
	Spirosoma radiotolerans DG5A
	Identified as an uncharacterized protein conserved across organisms of Bacteroidetes (excluding class Bacteroidia); one of two unknown pairs of Pfam annotations consistently encoded next to each other (PF02591 [zf-RING_7] & PF01784 [NIF3﻿]; PF01327 [Pep_deformylase] & PF03652 [RuvX﻿] were an additional, unrelated pair)
	[302]
	No

	SA1388
	Staphylococcus aureus
	Central domain of NIF3 homolog has high structural similarity to CutA1 proteins (family is linked to cation tolerance)
	[303], [304]
	Yes/No

	
	
	Instigated no immunologic response in mouse model (screening of multimerizing proteins of pathogens for vaccine scaffold candidacy)
	[305]
	No

	
	
	PII-like domain returned as structurally similar match to SPOR domain of DamX (SPOR domains bind septal peptidoglycan; linked to bile salt resistance, improved efficiency of cell division [306])
	[307]
	No

	
	
	Down-regulated in acid-shock conditions (4.9-fold reduction)
	[308]
	No

	
	
	Determined by transcription pattern profiling to be upregulated by SarA, an established regulator of virulence genes
	[309]
	No

	
	
	Structure contains sequence repeats of 25% identity, 60 residues in length
	[310]
	No

	
	
	Found in isolated specialized mobile genetic element associated with drug resistance
	[311]
	No

	
	
	Predicted to have a high probability of essentiality 
	[312]
	No

	
	
	Significantly differentially expressed in VISA strain CMRSA-2 relative to VISA strain Mu50 (log2 ratio = 2.9; p-value = 1.7E-6)
	[313]
	No

	
	
	One of several genes described to have acquired SNPs relative to their parent genomes, ultimately not linked to emergent copper tolerance observed in mutant strain of MRSA; mutant mRNA expression levels consistent with parent samples
	[314]
	No

	SP1609
	Streptococcus pneumoniae
	Virulence factor
	[315], [316]
	No(2)

	
	
	Mutant: slight growth defect
	[317]
	No

	
	
	Significantly upregulated in lung infection relative to nasopharynx (mouse)
	[318]
	No

	
	
	Operon partner, SP1610, characterized as a tRNA methyltransferase; resolved crystal structure of SP1610 shown in complex with S-adenosyl-l-methionine
	[319]
	No

	
	
	Described as a member of the same orthologous group (COG2384) as members of the TrmK and RpoD protein families in structural alignment (incorrect)
	[320]
	Yes(No)

	Spy_0931/
M5005_Spy0732
	Streptococcus pyogenes serotype M1
	indicated as being cell wall-attached as an antigen contributing to host plasma/saliva interactome; interacts greatest with IgG1 relative to other host proteins
	[321]
	No

	
	
	Observed as a significant contributor to the microvesicle proteome while being absent from the membrane proteome
	[322]
	No

	
	
	Detected in the extracellular proteome; greatest levels of detection occurred during the late stationary and biofilm phases of growth
	[323]
	No

	SCO2301/
SCC30.09c
	Streptomyces coelicolor
	Determined to be a top-30 priority candidate orphan gene of Streptomyces coelicolor (orphanicity rank = 4; final rank = 6); phosphate starvation did not produce significant trends in gene expression (24 hr = duration of P-depleted conditions starting after 36 hr of cultivation, expression)
	[324]
	No

	“Orf11”
	Streptomyces sp. SN-1061M
	Homolog located immediately adjacent to LPM (liposidomycin) biosynthetic gene cluster; highly similar to SCO2301 of S. coelicolor (absent in strains that do not produce LPMs)
	[325]
	No

	STCUT_1350
	Sulfobacillus thermosulfidooxidans
	Noted in list of genes with lower codon information bias (CIB) in consortium of acidophilic organisms demonstrating increased copper resistance (CIB = 0.158)
	[326]
	No

	YqfO
	Tenacibaculum sp.
	Used in the classification of Tenacibaculum species due to regions of variability within members of the genus, described as a housekeeping gene
	[327]
	No

	
	
	Described as one of several genes used to classify Tenacibaculum species
	[328]
	No

	YqfO
	Tenacibaculum maritimum
	Described as one of 11 housekeeping genes utilized in multi-locus sequence typing of isolates
	[329]
	No

	
	
	Listed as one of several housekeeping genes used in the multi-locus sequence typing of isolates
	[330]
	No

	Theam_0231
	Thermovibrio ammonificans
	Identified in the proteome of T. ammonificans grown under nitrate reducing conditions (NSAF [normalized spectral abundance factors NSAF] = 0.04%)
	[331]
	No

	TTHA1606
	Thermus thermophilus HB8
	Binds to ssDNA (very weakly; in vitro)
	[332]
	Yes

	
	
	Predicted to be regulated by SbtR (TetR family regulator)
	[333]
	No

	TP_0977/
TPASS_0977
	Treponema pallidum subsp. pallidum SS14
	Listed as 1 of 207 proteins assigned functional annotation with high confidence; list also includes gene neighbor, TPASS_0979, which was designated as a TatD related DNase
	[334]
	No

	TWT257
	Tropheryma whipplei str. Twist
	Significantly upregulated when subjected to temperature differential of 4°C from 37°C (1.5 fold-change)
	[335]
	No

	ObacDRAFT_2308
	Verrucomicrobium sp. strain TAV2
	Significantly upregulated in expression in 2% oxygen growth conditions (1 of 23 genes)
	[336]
	No

	VC2093/
VC_2093
	Vibrio cholerae 
	Increased gene expression in the presence of soluble chitin oligosaccharides (GlcNAc)2–6, GlcNAc, or the glucosamine dimer (GlcN)2 as alternative carbohydrate sources relative to an absence of carbohydrates (average = 1.18); differential expression in ΔchiS mutant relative to WT in presence of GlcNAc2 = 0.68
	[337]
	No

	
	
	Mutant showed decreased colonization of rabbit intestine (fold-change [log2] = 0.34; p-value [log10] = 0.0269; output-input ratio = 2.9597); mutant of gene neighbor, VC2094, exhibited decrease in colonization of rabbit intestine (fold-change ratio = 1.57; p-value = 0.00139)
	[338]
	No

	
	
	Significantly decreased expression in ΔdegS (log2 fold-change = -0.939; FDR = 0.0000397)
	[339]
	No

	
	
	Greatest transcript reads observed in pandemic El Tor strains isolated in Bangladesh (N16961, 1971, RPKM = 25.4; MDC126, 2008, RPKM = 27.9) relative to other strains isolated in Haiti (H1, 2010, RPKM = 15.3) and Peru (C6706, 1991, RPKM = 18.7)
	[340]
	No

	VF_0817
	Vibrio fischeri
	Expressed in isolates grown in chitin-supplemented seawater (was not observed in isolates grown in the light organs of field-caught hosts); may be involved in initial colonization processes
	[341]
	No

	
	
	Encoded immediately downstream of phosphoglucomutase (VF_0816), a gene characterized as a promoting factor for the symbiotic colonization of the bacterium’s host organism, Euprymna scolopes; 74% identity, 81% similarity to V. cholerae homolog; 62% identity, 78% similarity to YbgI of H. influenzae
	[342]
	No

	WS2117
	Wolinella succinogenes
	Fused with gene encoding DUF164-containing protein (DUF164 is a relatively uncharacterized zinc finger-like domain) in operon with glyQ (glycyl-tRNA synthetase, alpha subunit), kdtA (3-deoxy-D-manno-octulo- sonic-acid transferase), and rluD (pseu- douridine synthase), a common collective in sub-groups of Proteobacteria
	[44], [115]
	No(2)

	NIF3L1
	Xenopus allofraseri
	Two isoforms up-regulated with both endurant- and burst-performant individuals relative to non-performant wildtype; evidence implicated isoforms to interact with arpc4 (actin-binding component of the Arp2/3 complex; up-regulated in burst-performance individuals) and abi2 (component of the WAVE complex; up-regulated in endurant individuals)
	[343]
	No

	NIF3L1
	Xenopus sp.
	Binding partner, NIF3L1 BP1, interacts with FMIP (Fms-interacting protein; both members of the THO complex, involved in mRNA processing), which localizes to the nucleus, cytoplasm; FMIP is required for the localization of NIF3L1 BP1 to the nucleus
	[127]
	No

	nif3l1
	Xiphophorus maculatus
	Uniquely downregulated in skin of males relative to that of females when adults exposed to 4100K fluorescent light (z-score = 2.4; cell proliferation; category, 71 of 372 total uniquely DEGs, males); neg. corr. with up-reg. of genes related to chromosome, DNA damage; pos. corr. with down-reg. of genes related to DNA repair, cell cycle checkpoint control, recombination, and chromosome segregation
	[344]
	No

	NIF3-like protein superfamily
	NA
	(translated electronically from Chinese for review of contents; Google Docs Translate Document Tool) describes homologs of model organisms (Eukaryota, Bacteria), structures published prior to 2007
	[345]
	Yes

	NIF3L1
	NA
	Not translatable; functional association uncertain; NIF3L1 (formal, human homolog gene/protein name) is mentioned more than once within body of text
	[346]
	No

	YbgI
	NA; gram positive, gram negative bacteria
	One of 421 differentially expressed universal stress responders also involved in basic biological processes (on the low-end of the above-threshold range of determined metric)
	[347]
	No


Two publications requiring electronic translation to English (also missing DOI identifiers relevant to US publishers) were included in the above table. Only one of these were considered “focal” and, therefore, able to be included in the within-text table of focal publications (Table 2). These publications were not used in any analyses involving the results of the literature review/data capture process (e.g., final metrics regarding data capture yields, distributions of relevant publications across superkingdoms, word clouds generated from publication titles).



3. Supplemental Figures
Figure S1. Word cloud of focal and non-focal publication titles. (a) Word cloud generated MonkeyLearn.com (Theme= Rounded; Font= Quicksand; Word Quantity= 100. (b) Word cloud generated using TagCrowd.com (Maximum number of words to show= 100; Minimum frequency= 1; Show frequencies= yes; Group similar words= yes; Convert to lowercase= lowercase; Don’t show these words= none listed). 
a.
[image: ]


[image: ]b.




































Figure S2. Secondary structural annotation by superkingdom using MultAlign and ESPRIPT. Sequences used were those listed in Table S2 per superkingdom and per their sequential and domain architectural similarity. Crystal structures used for the structural analyses for Archaea, Bacteria and Eukaryota were as follows, respectively: (a) 3WSD (MJ0927/HcgD, Methanocaldococcus jannaschii), (b) 1NMO (YbgI, Escherichia coli), and (c) NIF3L1 (model structure produced using Phyre2; input template structure for Phyre2 model was 2GX8 (YqfO, Bacillus cereus), chosen because it also contains an inserted domain region).
a.
[image: ]














b.
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]









c.
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Figure S3. Motifs per superkingdom arranged into tiers representing levels of conservation.
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Sequences were aligned for each superkingdom and a multiple motif method was used to determine and compare family signatures. Web logos are organized vertically by tiers of decreasing relative conservation (1 being most and 3 being least highly conserved) and organized horizontally by relative location along the provided representative sequences. Tier 1 can be interpreted as containing the motifs of greatest “universal” importance, while tier 3 contains motifs most distinctive per respective superkingdom. Motifs shown in archaeal panel were grayed to indicate their absence from the seed sequence, MJ0927, of M. jannaschii. Motifs shown in bacterial panel were grayed to denote that they were not listed as conserved by ESPript analysis of bacterial sequences, but were determined to be notable when comparing motifs resolved across superkingdoms for this region. Diagram annotation: *asterisk denotes metal ion-binding; S denotes region of structural importance; P denotes region of putative protein-protein interaction.

Figure S4. (a) Structural alignment of H. sapiens NIF3L1 model (light blue; generated using Phyre2) and the YqfO-type DUF34 homolog of B. cereus (gray; PDB: 2GX8). Residues of identified as crucial to the dinuclear metal-binding pocket are shown as sticks, those of the NIF3L1 model distinguished in red. Spheres representing the presence of metal ions are depicted in steel blue. Alignment binding sites were compared showing iron ions (b) in dark red and zinc ions (c) in turquoise. A tyrosine residue of NIF3L1 model replacing the first “H” of the aligned N-terminal histidine pair of YqfO is circled in yellow (c). Just outside of the cleft of the NIF3L1 active site is a second histidine pair, which differs from the “YH” containing motif at this position in YqfO (d). Adjacent of this pair is a tyrosine residue of YqfO (gray) that was found represented in visual duplicate, an artifact of crystallization that may also suggest a notable range of movement (yellow arrows) observable for the residue at this position. In NIF3L1, this residue is replaced by a serine preceding the histidine pair. 
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Figure S5. Sequence logos for subgroups A-C, D-G, and individual logos for A, B, C, D, E, F, and G. Alignments generated using MAFFT (E-INS-i; default settings) with default parameters for amino acid sequences. For (a) A-C, (b) D-G, and (c) E-G, approximate locations of the inserted domains are underlined in red.
a. Logo for all sequences of subgroups A-C (without the IPR015867 HMM profile signature).























b. Logo for all sequences of subgroups D-G (IPR015867 HMM profile signature).
[image: ]
c. Sequence logo for subgroups E-G (without D, a set of free-standing YqfO/CutA1-like proteins that appear more frequently in Eukaryotes).
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d. Sequence logo for subgroup A.
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e. Sequence logo for subgroup B.
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f. Sequence logo for subgroup C.
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g. Sequence logo for subgroup D.
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h. Sequence logo for subgroup E.
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i. Sequence logo for subgroup F.
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j. Sequence logo for subgroup G.
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Figure S6. Pairwise alignments examining the identity relationships of predicted YqfO paralogs in Bacillus cereus (BC_4286, BC_2685). The evolutionary relationships between the paralogs and the CutA homologs of Homo sapiens (O60888) and Escherichia coli (P69488) are also explored.
[bookmark: _Hlk75257288]a. Pairwise alignment of CDD-defined central inserted domain of YqfO-type DUF34 homolog (excerpt, COG3323)  and the free-standing YqfO domain-containing protein, CutA of B. cereus. Alignment completed using COBALT (NBCI) (graphical coloring: BLOSUM45; alignment coloring: identity). Below, the excerpted domain of BC_4286 (Q818H0) is presented as Query_10001, while BC_2685 (Q81CR2) is Query_10002. 
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b. Pairwise alignment of sequence BC_2685 (Q81CR2) shown as Query_10002, and full-length BC_4286 (Q818H0) shown as Query_10001.
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[image: ]c. Pairwise alignment of sequences BC_4286 (Q818H0) and BC_2685 (Q81CR2) using EMBOSS Needle [348].
[image: ]d. Pairwise alignment using EMBOSS Matcher [348], a more rigorous algorithm compared to Needle for identifying select regions between sequences BC_4286 (Q818H0) and BC_2685 (Q81CR2) that may share homology. According to this and subsequent alignments (d-f), BC_2685 (Q81CR2) of B. cereus demonstrates greater similarity to the human CutA homolog (O60888) than it does to that of E. coli (another bacterial CutA homolog) and shows greatest similarity to a paralogous region of the B. cereus DUF34 homolog, BC_4286 (Q818H0).
[image: ]e. Pairwise alignment for CutA of Homo sapiens (O60888) and COG3323 paralog of B. cereus, BC_2685 (Q81CR2). Alignment completed using EMBOSS Matcher.

[image: ]f. Pairwise alignment for CutA of E. coli (P69488) and COG3323 paralog of B. cereus, BC_2685 (Q81CR2). Alignment completed using EMBOSS Matcher.

g. COBALT alignment of CutA homologs for H. sapiens (O60888; label= Query_10001), E. coli (P69488; label= Query_10002), B. cereus (Q81CR2; label= Query_10003), and the YqfO-type DUF34 homolog of B. cereus (Q818H0; label= Query_10004). The IPR015867-characteristic motif, “HPYE”, is highlighted by a yellow rectangle, emphasizing the single-residue distinction in this motif observable for the CutA homolog of E. coli.
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Figure S12. STRING network of GSEA output of DUF34 co-regulated genes of H. sapiens (ProteomeHD).
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(AHPTLGNNAQLGALLGIQPTG .RFGDDELGWIGTLPEATT.LG
(AHQTLGNNARLGQIMGAELEG .WAGEQNLIAYGRLPVETT.LG
AHPELGNNARLARLLGFLPEG .RFGEQDIAWLGALAEPCD.LP
(AHPVLGNNAQLAQK|LGFEVEG .RFGEQSIACHGALTDELP.LC
(AHTELGNNTQLGKK|LGIVEAG .RFGEQNIAAYGHFPESVS.LD
(AHAELGNNARLAAALGLREQG .RFGEQNIACYGALDVSQS.LA
(AHPQWGNNAQLARVILGLQAETGPDGAPRTCGADNLVWLGSAPGVQT.VA
[VHP ILGNNAQLADRLGFATEK .RFGEQNLLNSGSLKQAKT.LG
(AHP TLIGNNAQLADR|LGFATEK .RFGEQNLLNSGSLKQAKT.LG
DHPEVIGNNITLGTLLGFRNIR...... KNIKNNSMLWLGNSKNLYN.MK
(AHPSLGNNIAIAEKLNLOQNLEPLD....LTEKHPIGNIGYLEQTLS.VE
QHATLGNNALFGQALSAHENISQ. ... .SSFDDFLWQGDI.ETVS.AS
[MHPELGNNAQILNRLQLIAGEPFGV. .YKGSALSKMGHWEQS..LS.LD
AHLEVIGNNALLAAGLGATRTEPAFA. .HSGTTIGVVAHFDQDGGVP.IE
AHPEVIGNNHR[LAAALDLSVVAPFAE. .VQGQPIGVIAEPPEA..LT.VP
AHPEIGNAAVILGHRIGLGEQAPFG....DHQGCPTGVRGRLRESLP.AS
IGHEEY|GNNVSILKSLNLNIKE .KVDVTFIGEYEDPIL.FM
(AHREY|GNNATILKLLGLEPGE .QVEVGYIGEYEEAVS.FD
MHAVLGNNAQMVKK|LGVKNIKSFG....VYHGVKIGFMGLLPKEMT . LK
(AHP TLGNNWRVALDLNWHDLKPF . . . .GSSLPYLGVQGSFSPID.ID
(AHTTI|GNNWKVARD|LGWEQLESF . . . .GSSQPSLGVKGVFPEME.VH
(AHEEV|GNNFV|LARELGLVDLT.PWD. . .VGVKGRFPQPTP.LL
(AHPEVIGNNAMIARALSLTDLQ.PFG...DWQGHKIGVAGTLPRELG.LQ
(AHPVV|GNNAELARRLGLTIEG.MFA...PVNGTPIGVIAIAPDGVK.FD
AHP TLGNNALLCDALGLPPEREPFL...D. . .LGWKASLKISREELS
[VIHPAY/GNNALLAKACGLRPCSHDGL. . .DYHGVSLGTHGEFPGTCAELE
LHATLGNNARLAHALALTPDA.GFA...RYKTIDIGVAGTANESTADLV
AHPQIGNNALLARQLKLKLERGFMP...NAGGDVGGIALSRGLSRAALR
|AHSVYSHSKVF SDF|LGLKNSFAFA....NYGGVNLGI...IADSVFSFS
(AHPQY/GNNAGLAARVGLRQGGPFG. .. .FIRGTAVGLWGTVAENTTPSQ
ITHPEI|GNNAQLAAVILDIITVTGNL. . . .DEPLIMQGEFNTKIT.GT
NY|SDY|STS|VSFAKALGLEIVKPFC. . .KYDDKIEVGVICKTSLKSIE
[VIAl. KGGVNDLLAEALG. . LOQONTEVLAPTYAEEMKKIVVFVPETHAEEVR
[VIAl. KGGVNDL[LAEALG. . LONTEVLAPTYAEEMKKVVVFVPVTHAEEVR
[VIAl. DGGVNDL[LAEALE. . LSETEVLAPTYTDPLKKLAVYVPKEYEEQVR
[VIAl. EGGVNDLMAITALG. . LTDTSVLAPSFENTVYKLVVFVPESAAEQVA
IAl. DGGMNDLLAQRLD|. . MCSAHPLSVTATEELVKLAVFVPLGHEEQVS
IA.PGGLNDMLAKQLG..LTDIKGFIKTGEEALYKVTTFVPESSADAVR
AALEIGVNHALLET|LNINLIDERPLTTTYKEKYSKIVVFMPQGYEDEVR
SAl. KEGVSDV|ILGEALH..LKVERALLPAKATKLFLITTYVPKGYEEKVR
(VIN|. PY/GVNMMLAKAMG|. . . LKNISIINNQQDVYYKVQTYIPKDNVGPFK
[NlV|. PGGVNIFKIIAEK|IG. . . LKNVRILDPKESSLIKLVTFVPSAQAEEVR
NAl. POQGLNALLAERFG. . . LLNTRPLEPLQGKLLELVTFVPTEYADAVR
SAl. RPIGVNDKLAELVGI.TPGRPVKPILKG. . LDKWGIYVPESAAQSVK
SAl. SPIGVSDALADALGL.TVEAVLEPARPASDLDKWVIYVPGENADAVR
SAl. SPIGVSDALAEALGL. TVEAVLEPARPASDLDKWVIYVPGENADAVR
SAl. SPIGVSDALAHVFGL.TVDAVLEPLLGVASLDKWVIYVPLEHVAAVQ
SAl. SPIGVSDALAHAVGL.TVDAVLDPVPGAADLDKWVIYVPRENSEAVR
SAl. SPIGVSDALAQALGL.TVESVLARSPSVAELDKWVIYVPREHTEPVQ
SAl.NPIGVSDALAET|LGL.RVEDVLSPVAAGPNLDKWVVFVPAADADALR
|AN|. PAIGPV|IGWLAESIL .|, « .« o 00 v v v n . .KLONCKTLEPTAASMQHR
|AAl. YRGVGQAAADY|FGL.IDQKPLVPIDDA .NASHPVGLGRVGRLP
IT|Al. DP|GVS|DALAGALDL.NVVRPLVP.DPS .DPEGRRGLGRVCELT
SA.ELGVSDALAAAIGL.TVTGPL...DPH .SEGARTGLGRIGVLP
SAl. LGGNADALAELLGL.TATVPL...EPS....DADPALGIGRVGILP
IA.PDGLAQHWSHLIGL.RNVKPVRYCPESPSVDSTETQYGFGRIGDLA
|AAl. RAGTNEQLARVIFAL.QGVTPL...EIDAAWQDEPRYAGMGCVGELP
S|T|. ENGFNIQIVAELLKL.QDLKILDPNAYN .NNTGIGRIGYLK
S\V|. KDGINDAVVNILGF.DKSSILAKNNKA .VKEAGIGRVVELE
|AAl. KGGVNDV|LAARLGL.DEVTEIPR. .KD .CPEQGLARIGVLD
SIAl. QQGINAEWSAR|LEL.TSSQPLVPQTAD .PLLGAGRSGSLA
Q[V|. ED|GTADV|LAQILGL.KDVAPIVPTQGG LGYGRVGLLD
IQ[V|. AD|GTADV|LAQLLHL.KQVAPIVPTQPE LGYGRVGEIN
IV|. ENGLNDWFCQMLGI.EETTYLQETGP ERGIGRIG
IV|. PGGLNDWFCDLLEI.KEATYLSETKE GFGIGRIG
[V|S|. PLGPTAY|IAEE|LGL.NGCEPIVDSPA YGAVGELG
[V|S|. SLLGPTAIIAEK|LEV.QKEATIADNPP YGIIGTLN
IA.EGGLNDYLCNLLEL.KDIEIIENKRP LR.IGRLN
IL{S|. HLIN . TYF|TEEILGF .KISFK. ... DKFLIYVEN
K|T|. HL|N . KHFAHALLE[F . DGLVE. . . KGLMLVKEN
IRHQPD|GIMAGIF IRALEWESYVS. ... .KYLPTAAI.VAIPLMTAK
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E|LASWIEARLG . oo e evieeeeieeennnnns RKPLWC .GDTGPEV[VQRVA|
ELASWIEARLG . oo e eeieeeeiaeeennnnns RKPLWC .GDTGPENVQRVA|
E|LAARIEQALG . .o v e etie e e eieeeennnns RKALYV . GDNAPAE RKLA|
ALRERLEKOLG . v eettieeeeieaennnnns RSVLHC .GDRAPAEVRRIZ
ELKSLIEEKLO: v vv e e eieeeeieeaennnnns RTVLFC . GDDAPEQIKRVA|
E[FARQIEKTLA . c v eetiee e eieeeeennnns RKPIFCGDFVECGYPQKAIKTVA
DFAEKIEKVLN . oo e eetiee e eiaeaennnnnns RKPLIC...IENGPH.LIRKIC|
E|LAHRIGOVLN . oo e eeieeeeieeeeannnns RTPLHI...APDQADKLIETVG]
E[FAQRIQOVLN . v et e tie e e iieeeeeannns REPLHI...KPTQ.DKE|IKTVA
EFANKIERKEK . oo eeetieeeeineeennnnns KYPIHL . YENAPLYISRV2
D{FARHVRDALG . oo e evvieeeeiieeeennnnns REPLLV .DA.GQF|IRRIZ
DFARRVODALG . et etie e e iiee e eanns REPLLI LEG.SQMIRRV|
AFARLIESRLG . .\ veetieeeine e RSPLVI .NGHSRE[LKRVA
TFIESVENSLN . oot tee e nieeeiaeaeennn RMPLHL .PGGPSEVETVA
E[FAAMLAEVLG . ot e eeie e e e iiieeeennnns RDPLHI .GESSDE[TjoY/LA|
FSSFLEHKLG . v e e esieeeeiiaeeeennnns RYPVHI .ACNEKMIHSI2|
FTAKVENTLG . ¢t e eeiee e e eeennnns RAPLVL .GDSDQQLRRVA|
AFAEVVAARLD . .ottt e e iiee et RMPLVI .GGADRP[VHTIG|
AFSDTLSNOLR. ..ottt RSPQVL .CDPQKKVRRIZ
SLVSRVAGVLG . oot ee e ie e e iiae e e RQPLVV .CGGDRIIRRIC
LEERVTRVLG . ¢t e eeieeeeieeeannnns RAPLII .GEGDTE[VRRIZ
ELSNLLNSVLG . e e etie e e eiiaeeennnnns RKPLII .GDPLKP[VRRVA
DFALGIESALO . cvv e e eeiieeeeiaeeennnnnn RAPLVI .GHAGKMLHRAZ|
JLOORVAERLG . v e et tie e e iiee et RTPLVV .GEPDRE[VRRVA
LAAHIETVLO ¢t e eeiieeeeeieeennnnns RKEVAT .CNPEREIRRVA
LAAHIETVLO . ¢t oo eeiieeeiiieeennnnnns RKEVVI .CNPERETRRVA
DLNTVISNKLN . . .oettie e eiiie e RSALLI . GDPKKNTIKNTI
E[FKAKLONSFD . v oeeeeieeeeieeeeennnns FKVIHL .PAEKQS|TQKV|
W IAAVEKTILO w oo e eeieeeeiiaeeennnnns RSIIAV .GNTQKMIQK|IA|
VOQOKLOKLEG .+t e e e eie e e eieeeennns GEPLVL .PYGPENIRKVZ
E|LVARVATLTID . oo e evvie e e eieeeennnnns RDELVN .AAGPPAVRTLG
DLVARLERVTE . oo e eeieeeeiieeeennnnns RAPVVL .DCHHGPLRRVA|
ALRERLAEILE . .. eeetieeennneannnnnn HPVLLA .TPDATAPVCI[IG
D[FHKQVEKLEN . oot evie e e iiiaeeennnns PQPLLV . YONNKF[VKT/VG|
DFEYKRLKQIFP ¢ oo e etieeecieeeeennnns NQPILK . YVNSDF[VKKVC]
E. . VESKFA. .ttt VKENLV .FNFGKSKNKIVA|
SFIDLLSQYYO. o e v ee e iee e iaeeeennn APLKGS .ALGGPSRVSSAZ)
DF ISQLSAYYQ . e et eiie e e iiieeeeannns TPVLAK .ALGGKKRYVSSAZ|
QVADRLGOLTG .HQGGLDHVET|V T
DFADRIQKLTG .HGGGSPN[IHRVG
YLVDRFEQNVG .QAHGPRI|SHK[IG
DRL...ARAVG .APGGAGTIRSVC
OKL...ETVLG .FWKDSPEAPAGDIFI]
RVSHYAAGYG .SVPVDGRTTKRWAIC
KLEKLYPRVI LEYGSPTPRETIA
B TLEK . e e e e e ettt IKKENKHILFSKKFKESVNKVA|
EAMQQHAACTAPDTHRVTHANAISPSAGLSLQQVVHRLFPAEEQPVRLLPFGKQRIERV(
ELERRLEQTLR . . veeevieecineecnnnnns GNVLHY .GDGGPAY IKRLA|
E|TKELIKKSVG . o vt e tiee e iiaeeeenn. .HDVKLYDYGDSVLKDGLVATA|
ALGDAGAGHT ... vveeeennnnnnns GNYSHCTFSSEGTGAFIPQEGTNPYIIGETG
ALGDAGAGHT ... vvveeeunnnnnnn GNYSHCTFSSEGTGTFVPQEGTNPYIIGETG
AALGNAGAGHI................... GEYSHCAFSSEGIGSFKPLDGAKPF|IGEVG
EALGRAGAGHI................... GAYSGCQFHSTGIGQFKPTADANPYRGKEG
EALFRF.SGTV...ouorrunnaennnn.. GTYRDCSFRSGGTGTFRPLEGARPFLGTVC
AMGDAGAGRT « +vvve e e eenns GNYEYCSFSTHGEGRFVGNEDSHPVIIGSAG)
TALSSAGAGSL. . evvuuneeeunnnnn . GHYCDVSFQSQGIGTFKPLAGTDPF|IGEQG
EILLEKEGAGQR . . v evvnenennnn GKYSGCSFATEGIGSFYPKEEAKPYRGKVG)
DKLSENGLAQE . .. ovvuneennnn.. GNYEYCFFESEGRGQFKPVGEANPTIIGQID
NMALFTAGCGCT . vveeevaeeeennnns GNYDSCSYNTEGEGTFRAQEGSHPF|CGTVG
ALWQAGAGRL. .. vnevvueannnnn.. GHYDCCSFSHAGTGTFRAAEGANPEV|GATS
DAVFEAGAGAT........vnnouunn.. GDYSQCSFEWQGTGQFLPHHNAQPVV|GHEG
EAVEAAGAGHT ..\ vuervneennnnn.. GDYSHCSWSVIGIGQFLPHEGASPAVIGSVG
EAVEFAAGAGHT .. \vuerrnnnennnnn.. GDYSHCSWSVTGIGQFLPHEGASPALGSVG
AAVFEAGAGHI...........c..ouun.. GDYSHCSWSVTGTGQFMPHDGASPVV|GS[IG)
AAVFEAGAGHI................... GDYSHCSWSVAGTGQFLAHDGASPATIIGSVG
AAIFDAGAGHI................... GDYSHCSWSVTGIGQFLPLDGASPATIIGSVG
EALFAAGAGRI...........cooouun.. GDYSHCSWSVAGTGQFLPHDGASPATIIGEVG
IIAPSAASGST..oovunneeennnnn. . PAVIAGSIRCR. . HIoGIg|
PVALKDFAQR . . vvveeevnnnnnennnn VFDEVSDHGMTSALGIQVCGDSDTFVQYVA|
HPLTVRELAAR. .. onvvrnnnnnnnn.. AAERLP....ATAQGIRVAGDPEATVRIVA
EPEPFERFVOR. . oveennaeennnnn.. VAAGLP....TTAWGVRGAGDPQRE[VRTVA
EPTTLRALAEH. .. onovrnnennnnn.. VARALP....DTAPGLLVGGDPEAAVERVA
E[PVSLYDFAKD . . veerveeennnnnn. LKAFLP....ETVGGIMVAGDEAKEI|HSAR|
AEMSLDGLASF ... ououuuneennnn.. AAAAMG. . GCAVRVVGEPGRS[VRRVA
EEVILDKLCET ..\ vuettnneennnn.. VKEVFN. .IPALRYSGEDSLKIKKVA
NMTLKELCDR . e e evveeeeennnns VKESFK. .IQSLRYCGDEDKKIHSFA
E[PMALKDFARK . .o oevnaennnnn.. VRDDLG. .AEHLTYAGGDE . P[VYKVA|
TTETLAQFITR. «evveeeeeunnnnnns VKRAVK. .IEHVAYVGOLAQAITRVA
BFLNLQELLTV.......ounnnnnn... IQTRLA....PPDLIFSPTADLQQI/ISRVA
PSCTLOELLQQ . v v e e vieeeeennnnn IQTVLN....PPDLIFSPTVDLQKTIERVA
NMIQPQTFWELA. . vunesrunnnnnnnnn- QQVKQVFDLDSLRMVHYQENDLQKP|TSRVA|
TVKEQALEELA. « o vvvvneennnnnnn.. SKVKRVFDLDTVRLIRYDKEN. .PLI|SKIA|
EPKTQRELLVE . .o ovvveeennnn.. LAGVLGVGADVFRCVNYRPE. . .AVVRRVA|
TALTQKELFKK. .o vvvneeennnnnn.. LTSFLP..KDIFRGINYRED...SAVKRIA
RGLDFEVEVDY e eetteeeeeunnn VKEKLS..CDAIKYIKAN.D...RLIKRVA
S[.MSFEALCDW. .. .ovuneeeunnnn... VKKKLN . .LOILRVSDCGKKD|IKRIZ|
ANIEFDALVKK. .. onorrnnnennnnn.. IKSSLG. .VGSLACVK.SSQT|IKDLA
EVAEYAKEMLS . oot etee e e iaeaennnnn LIPFVRIAGDLSAPCTRIGIL
DLALYVEKHRLO ¢ ¢ v vt v et i ee et emeeeemeeeenn .APSVRVVGDLNRVCHR]IGLLP|
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1NMO:A|PDBID|CHAIN|S WCTECCOSFIDSEARFGVEAFITG. ... .« EVSEQTIHSAREQET. - -« v vvvnnnnn
E_coli_str K-12 WCT|GGCIO|SF|T D[SAARF|GVDAF I TG . . ... .. EVSEQTIHSAREQCL. .. ...ou... ..
S_typhimurium WCT|GGCIOISF|TD|SAARF|GVDAF I TG . . ... .. EvSEQTIHSAREQCL. .. ... ... ...
P_luminescens wCTlclcClolsF|ToloAAEF|GVDaF I Tq. L ... ... EvSEQTVHIAREMCL. .. ..........
Y pestis WCTlGGCOlG Y|TQQAAEF|GVDAF I TG . . .. . .. EVSEQTIHIAREMKV. . .o vvunn...
F_perrara weslcleclopFlTElQAALAGCpaF 1T, . ... ... EVSERTTHLAREYCI. ... ovunn. ...
H_ducreyi LeTlccGoN YT DlLAANKGIDAF ISg. . ... ... EIsEQTTHSAREQCT. .. ...
H_influenzae ICT/GGCQCY|IDLAREQGCDAFITG. .. ... . EVSEQTIHSAREQCL. ... ovun.. ..
V_cholerae weTlclecop YT ELAASRALDaF 1sg. . ... ... HISERTTYSAREQSI. ... ... ...
V_fischeri weslcleclop YT E[LaAoQGMDaF 1sg. . ... ... EHISERTTYIARELCI.............
B_aphidicola WCS[GRGOGET CAF|GIDAFLTG. .. ... .. EHISEETTHIAKELCI. .. .ovuu.....
P_aeruginosa PAOl Yb WCT(CCAOGYIDQATIAACVDAYLTC. ... ... EVSEQTVHSARENCT. .. ...ou.....
Pseudomonas_syringae  WCT(C/CCONYIDQAVLECVDLELSC. . ... ... EASEQTFHSARENDI. ............
C_salexigens WCT|G/GAIQDMLP(LAAQAIGVDAF ISG. . . ... .. EISERTTHLAREMCV. ..o ovunnn. ..
T_crunogena weslcleallc Y| TEKATEWGADVYISa. .. ... .. EVSEQTTHOAILENOQTL. . .. ovun.. ..
S_oneidensis wcTlclcalgp YT DviaasLGvpjaF 1sg. . ... ... EVSERTYHSAVEQCT. ... .un.. ..
L_pneumophila WCTcAADF|TEEAYOLGVDAYLSG. . . ... .. EVSERTFYQAMELCT. ..o vvvn ...
B thailandensis E264 WCT(CCAOSFFDAAIDACADVELTC. .. ..... EASERVTHARAESCY. . ...l
R_solanacearum wcTlclcalgewr DAV SAGVDVYLSG. . ... ... EASEQTTHLARESCV. . .o v
M_flagellatus weslclealgeYFE[TATGLGVDLY IS, .. ... .. EISEPTFHLARETCV. .« oo ...
D_aromatica weslcleallcYFE[QATALGVDAY LS. . ... ... EHISEQTVHLARESKV. . .o vvunn...
S_denitrificans wcslcaalcYFEEATRUGVDAFLTG. . ... ... EIsEQCVHLARERGCY. .. ... ... ...
N_europaea WCTCAAQIS YFEEATRLGVDIFITG. . ... ... EISEQNVHTARESCT. .« oo ...
G_capsiferriformans  WCSCGCOCYFEARTAQGVDVEVIG. ... ... EHISEQSYHLSRETCV. .o vvvnnn. ..
B pertussis wcTlclealocMLADAVDAGADAY I T, . ... ... EASESTVHLARETCV. . .o vvn ...
N_gonorrhoeae WCTlGCAlQGFF QTAlI DE|GVDLYLTG. . . .. . .. EISEAQYHLANETCT. . .o vvnnn. ..
N_meningitidis weslclealglcFF QT DEGVDLYLTG. . ... . .. EISEAQYHLANETCT. ... ovuu ...
C_Kinetoplastibacter WCSCGCOKMFOEATIDIGADVYVTIG. ... ... EISESVVEIARETNT. ............
A baumannii FCICGAIQDF|TAKAALOS|CDAY ISG. . ... ... EVSERTFYEAKELCV. .« o vvvnnn...
D_nodosus wCTcAAOD LLLjoARAEGADAFLTG. . ... ... EHYAERSYHEARECDM. .. ..........
M_marinus veslcleaPELTHEAVTAGADLFLTG. .. ... .. EASEPVYHVAREMCI. .. ... ......
C_woesei 1VS(GGARGDISTATELGUDAFMTG. .. ... .. EPKEHVMAQARENCT. ... ovn ...
S_thermophilus VLIS Cy|SALDEAVAAGCDALY TG, . ... ... DVREPTMALARELCT. ... .vn ... ..
M_capsulatus IIT/CGANGCWAERARAKAGLDAYITG. .. ... .. EMSEEDWHERQERCT. ... ... ... ..
D_tunisiensis veslelegs|SFILE[S|.[VENKIDTFITG. . ... ... EVKEQTRNIVAEMCT. ... ovuun.. ..
K olearia VIS|CGAAGDLRK .[VEGKVDTFITG. . ... ... EVKEQTRDEAREMCT. . ... .un.. ..
E_minutum I1SCGGYDMFEQAVDAGADLFITG. ... .. SSEEFVQEIAREGKI. ..o ovvvnn ..
C_pneumoniae LISCCAYRELS|SAATSQVDCEITG. . ... ... FDEPAWSTAILE[SNI. .. ..........
C_trachomatis_(D/UW-) LISCIGAYREISEAKNQOVDICFITG. ....... FDEPAWSLAHELATL. ............
T_thermophilus_HBS Lvs[gseTGLLEKVDA.|.|.DLFvTg. .. ... .. EPKHSVFHETFERCL. .. ... ou.. ...
D_radiodurans VTS[GSCAGATAEAAAMGLDTILLTG. . ... ... E[PEHKYFHDSFEY/CV. « o v v
C_aerophila ILSCGAGARETIP[TARTLGCDTFLTG. . ..t .. ETSHAEFYARONAGT. ... .vuun.. ..
T_sacchariphilum VTCCACGEVFKAROA . |GVDaFVSG. .. ... .. EcPEWsYTAAEECCT. .. ... ... ..
A muciniphila cTccacppLAQAAAL . [GCRTYVTG. .. .. ... ECSHWNIPLAELCV. « oo v
G_aurantiaca TGGGAS|SETILOEARAKGIDTLIVG. . . ... .. ECPHEETTVEAIEHEDL. ... ..ou.. ...
0_terrae FCS[CSCY|SAVSHLUAKAGVDTILVTG. . ... ... EVREEIFNRAQEERL. « .« ovvnn. ..
B_burgdorferi 1VssclySFFEEALCHDVDLFITG. .. ... .. DTSHQIYSTLAEEFCV. .« v v ..
T pallidum subsp pal ILSCKAGTYLAEATALDLDLEITG. ....... EIEHSCYHTAREHST. ... .vuun.. ..
M_endobia werlgegl. .| [l JU S PO DO
C_defficile Acclgs YP[F VAREVAELGINLY I TGF TKP LKEFEP VLEFHQIAKDNLI. . . ... .......
B anthracis str Ames QLERVEEVRIETITIPASLORKVIK. ....... AMVTAEPYEEVAYDVYPL.DNKG. .ETL
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A_mexicanus oo ... .PPLERPFKRLYOKD....... WKQRLAVRAVE|. . GGIAVFS|.[PHTSWDSAKDCL
A_fumigatus © ... .PIIFRGLKSLTLND...... TQQOTILLRLASE|. . .GI|SVYS|.PHTAVDATEGGH
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A oligospora s ....PIIFRPLKSLTT.DN.T..... QQTTLLRLVQ. .AGI|SvYS|.pHTAVDAVRGEY
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H_sapiens NNWLAKGL.GACTSRPIHPSK....APNYPTEGNHRVEFNVNYTQ....DLDKVMS. . .A

P_troglodytes NNWLAKGL.GACTSRPIHPSK....AANYPTEGNHRVEFNVNYTQ. ...DLDKVMS. . .A

M mulatta NNWLAKGL.GACTSRPIHPSK... APNYPTEGNHRVEFNVSHTQ....ALDKVMS. . A

M fascicularis NNWLAKGL.GACTSRPIHPSK....APNYPTEGNHRVEFNVSHTQ. .. .ALDKVMS. .2

C_lupus NSWLAKGL.GVCTSRPIHPSR....APNYPTTGTHRVEFSVNGTE. ...DLDKVIS...A

B_taurus NNWLAKGL.GVCTSRPIHPSK... APDYPTEGTHRVEFSVIHTQ....DPDKVIS...A

C_griseus NNWLAKGL.GTCSTRPIHPSR....APNYPTEGAHRLEFSVNHTQ....DLDKVMS. . .2

M_musculus NSWLAKGL.GTCTTRPIHPSR....APDYPTEGAHRLEFSVNRSQ. .. .DLDKVMS...T

M_domestica NNWLAKGT.GVCTSLPIHPSK....APNCPTTGTHRVEFNINDTP. ...SMDKFMS. . .A

G gallus NNWLSKGL.GTCTSVPLHPST. ... APSHPTEGTHRVEFCADTTE. .. .HLEIVLS...K

A carolinensis NNWLAKGLEGPCTSVPLQPAS. ...ALDYPSEGSHRVEFNACSSE. .. .NLETVLS...S

L_chalumnae NKWLAKGL.GVCSTEPIQLST. ...ASAYPSLGSHRIEFSVHQSQ....DLDGILS...S

R_norvegicus NSWLAKGL.GTCTTRPIHPSK....APNYPTEGTHRLEFSANHSQ....DLDKVMS. . .A

A mississippiensis  NAWLAAALGASTSSVPIQPST....ALTYPTEGSHRVEFIVGQAE....QLEAVLS...K

X_maculatus NDWLVGGLGSGQVSVLSQALG. ...GASH. .. .SHKLEFMVRSPE. .. .ELNAVVE...E

0O_niloticus NDWLVGGLGSGQVSVLSQVLG. .. .AASH. .. .SHKLEFTVRSAE....ELNMIME. . .E

S_formosus NDWLIGGVGSGSVSVLRQAVS. ...SGPL....CHKLEFTVRNHE. .. .ELETVLS...E

D_rerio NDWLVGGMGRGKVSVLSQAVS. ...SGAQ. .. .KHRIEFSCMDDG. .. .EVNSLLE...Q

N_vectens: NDWLAKGLGRGSVDPITYSME. .. .ACVKGC..DYNVTAIAPSTE. ...AAEKINS...Q

S_purpuratus NDWLVEGLGDTSSNKPLERCL. ...DVKNGD..DFSICVMAPQTD....V.ETVEA...T

C_intestinalis NDWLAISGLGEMKSTKPIIRSN....IKAD....NYSVSIAIQSSN....DKDLLDS...F

C_gigas NDWLIJQAF.DISSSKPVTQSV. ...TSAGPY. . NKKLQLTISST. .DRESTLK...C
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