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Part 1.  Protein Name Classification

I. Words Classes (at Lexical Level):
A. Single Tokens: 

With no space or punctuations in between (except for e.g. EC 2.1.4.5 or 1,2,-chemical, etc.). They either stand alone as protein name (abbreviations like CBP or words like insulin), or most of the time, are components of protein names (compound terms). 

1. Numbers only (Arabic or Roman numbers): 0-9, I, IX, etc; ( alone won’t make name.
2. Single Letters: a-z, A-Z, , etc; ( alone won’t make name.
3. Multi-Letters only: Vav, GAP, CBP, LH, CGRP, etc; ( abbreviation (or gene symbol)

4. Combination of numbers, alphabets, Greek letters and other symbols, 30s, 15k, a3, IL-1, p35, c-fos, C/EBP etc; ( abbreviation (or gene symbol)

5. Single-word names for protein/gene: insulin, actin, tubulin, calcitonin, integrin, etc;

6. Single-word terms (including biological, chemical terms, and common English words):  protein, precursor, factor, activating, interacting, splice, repair, cell, nuclear, rodent, acetylation, methylation, calcium, English stop words, etc.

B. Compound Terms (names): 

Any combination of the above (at least two tokens).  In order to make rules for protein name recognition, words need to be properly classified (grouped) at semantic level.

II. Word Classification (at Semantic Level):

A. Word Class Definition

1. Non-Word Tokens: a non-word token is not an English word, rather it is one or combination of more than one letters, numbers or symbols. They often are acronyms, synonyms or abbreviations of words, for example DNA for deoxyribonucleic acid, Ala for alanine, and GH for growth hormone, etc. The non-word tokens can be subdivided into the following groups. 
· Nucleic acids: cDNA, mRNA, etc.
· Nucleotides: NAD, FAD, etc.
· Amino acids: Ser, Thr (or T), Phe (or D), Met (or M), etc.
· Elements or ions: Ca (or Ca++), K (or K+), Fe++, etc.
· Molecular weight: 50S, 30Kd, etc.
· Acronyms (abbreviations, gene symbols): ANF, CGRP, GHR, etc.
· EC numbers: 2.3.4.5, 1.3.6.8, etc.
· Chemical groups positions: -1,3(6)-, etc.
2. Word Tokens: they are technical terms (domain-specific) or common English words [?or word-parts (prefix or suffix)?].  Based on their semantics, these words can be classified into the following 6 classes, the first two of which are special cases and the other four are main classes.  
1) Greek Letters (gr): alpha, beta, gamma, etc.  Semantically they are equivalent to , , and .
2) Stop Words (st): of, at, to, etc.  They may help distinguish the word relations within protein names from those in descriptive texts.
3) Biomedical Terms (bt): these terms are used in a broad range of biological and medical sciences, mainly including those that describe structures of all forms of lives at different levels (from gross morphology to molecular structure), and their respective functions and mechanisms from normal life (physiological) to diseased states (pathological).  Although there are many specific areas of biology and medicine, for the purpose of classifying protein names, it may be appropriate to generally divide these terms into three main categories (!! Compare these to the three classes of Gene Ontology terms: cellular component, biological process and molecular function!!) 
· Sources or location of proteins: words describing sources of proteins at three levels: 

· Organisms/species/strains: source organisms across taxonomic ranges.
· Organs/tissues/cell (types or lines): protein sources within one individual organism, e.g. pituitary tumor-transforming protein 1 (HPTTG). 
· Cellular components: protein source or location within a cell such as nucleus, mitchondria, e.g. orphan nuclear hormone receptor.  
· Biological processes: words describing all life activities (physiological, pathological/disease processes at intact, cellular or molecular levels), which are often used for describing functions that proteins participate in, e.g. hepatic transcription factor 4 (HNF4), glucose transporter.  
· Diseases: words describing clinical states (names of diseases or syndromes) are often used for proteins that are in some ways related to the clinical state, e.g. a mutant gene/protein that causes the disease (cystic fibrosis transmembrane conductance regulator, CFTR).
*Note: many words used as biomedical terms are also common English, e.g. rod/cone (referring to cells in retina), spindle (to cell mitosis), or colony (to bacteria or cell clusters).  I tend to think that such words when used in PubMed literature mostly explicitly refer to biomedical fields as opposed to those used in Washington Post. Therefore, these words will be put into above three categories. Also worth noting, nouns vs. adjectives, e.g. mouse/rodent, liver/hepatic, nucleus/nuclear, transcription/ transcriptional, apoptosis/apoptotic, etc., should we include both in the same classes? 
4) Chemical Terms (ct): words that describe organic or inorganic chemical materials, parts of chemicals, or chemical properties. 
· Elements: oxygen, carbon, hydrogen, etc.
· Amino acids, nucleotides, carbohydrates or their derivatives: glycine, adenosine, glucose.
· Chemical groups: hydroxybutyryl, acetylglucosaminyl, isopentenyl.
· Root chemical compounds: sulphate, ceramide
· Prefix and suffix: bis-, cis-, acetyl-, alkali-, -amine, -ane, etc.
5) Macromolecules (mc): words that refer to polymers such as proteins, peptides, DNA, RNA, polysaccharides or glycoproteins, which are made up of amino acids, nucleotides, or carbohydrates.
· Enzymes (mc-e): hydratase, glucohydrolase, etc. Most with suffix –ase.
· Single word names (mc-s): words that specifically refer to one protein (surfactin) or proteins of a few subtypes (cyclin), or a small set of proteins within closely related families (lipoprotein).
· General (mc-s): pertains to macromolecules in general, not to specific molecules or small subset of macromolecules.  Many of them are also of common English, e.g., factor, inhibitor, regulator, complex, variant, etc.
6) Common English (ce): words that are of common English and used to describe all aspects of proteins on their properties or characteristics, e.g., short, signal, interacting, repair, etc.
B. Work Flow of Word Classification















C. Summary of Word Classes (see separate file for large table: ProtNameClasses.xls) 
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Part 2. Protein Naming Rules
Collection of protein naming rules is an ongoing process, therefore the list has not been organized and is not meant to be exhaustive. 
I. Some Rules Adopted From PIR SOP

A. Protein names with source attributions
Organism/species |Tissue/cell source |Cellular component + protein name
protein name (Organism/species |Tissue/cell source |Cellular component)
B. Word order in protein names
Consider the following protein name and its modifiers:

(a) Principle name (word or phrase)

(b) type (isozyme, subtype, form, isoform, etc.) 

(c) chain, polypeptide, or component designation. 

greek((num)|generalSize|MW(40K|kD|Kd)|function  + chain/subunit

chain/subunit + singleLett|arabicNum|alphNum|romanNum|greek

(d) "precursor"
(e) tissue or organelle
(f)  clone, variant, version, chromosomal location, transposon, etc.

These words can be put into this order: e a|b|c|d (f)

C. Various forms of the molecule 

standardName + number|letter|someWord (e.g.,cyclin G1, cyclin t1)
letter|number|someWord + standardName (e.g. a-actin, b-actin)

letter|number|someWord + standardName + letter|number (beta-arrestin 1, beta-arrestin 2)
D. "-like", "-related", "homolog", "probable", "possible" and "putative"

1. “-like” could appear in the middle or the end of the name, e.g.:

· brain sulfotransferase-like protein

· nf-yc-like protein

· prolactin-like protein f 

· chemokine receptor-like 2

· cyclin-dependent kinase-like 1

· diazepam binding inhibitor-like 5

· alzheimer's disease 3-like
· kinesin-like spindle protein hksp

2. "-related” mostly appears in the middle, occasionally at the end of the name, e.g.:
· cdc2-related kinase

· fms-related tyrosine kinase-2

· sulfotransferase-related protein

· dystrophin-related protein 3

· twik-related acid-sensitive k+ channel

· fos-related antigen 2

· cyclin c-related protein

· calcitonin gene-related peptide ii

· odd skipped-related 1

· fmrfamide-related
3. “homolog” could appear in the beginning, middle or the end of the name, e.g.:

· rad23 homolog b

· transcription factor btf3 homolog 1

· rb-binding protein homolog
· homolog of c elegans sel-10

· drosophila cop9 signalosome homolog 5

· zinc finger protein homologous to mouse zfp93

4. "probable", "possible" or "putative" + protein names, e.g.:

· probable atp-dependent rna helicase ded1

· possible ganciclovir kinase (ec 2.7.1.-)

· putative small membrane protein nid67

E. Abbreviations and gene symbols (from W. Barker’s write up)

1. Full protein names (abbreviations): Long protein names are frequently abbreviated to symbolic names. Usually the full name will be given early in a paper, followed by the abbreviation in parentheses. Then the abbreviation may be used throughout the rest of the manuscript. Protein names may also include commonly recognizable (to a biologist) abbreviations for other substances: ATP, cAMP, DNA, mRNA, Ca++ or Ca or Ca2+, H+, NAD. These should also be in the dictionary.  

2. (help word, optional) + gene name|gene symbol + (help word, optional): When the gene name or symbol is used in the protein name, it may stand alone or be placed before or after a helper word or phrase (e.g., protein, gene product, polypeptide, gene protein, polyprotein, precursor). It may also occur in conjunction with a word or phrase describing the protein (e.g., protein kinase, probable membrane protein, trypsin-like protease). Except when modified by "like", "related", "homolog", or similar term, a gene name within a protein name makes the name very specific.

3. Symbols that identify a specific form of or part of a protein tend to occur at or near the end of a multi-term protein name. It may be difficult to distinguish between different forms of the same gene product (as might result from processing or allelic variants) and proteins that are the products of different genes. (e.g., cholera toxin secretion protein EpsM VC2724; toxin-like outer membrane protein jhp0556)
II. Rules Observed Based on Word Classes (we wish to classify words in such a way that the following rules may apply, because some words can fall into different classes, e.g. substrate, antigen, ligand, etc.)

A. General Rules:

1. Protein root name (or core name) must have at least one mc:

parathyroid hormone receptor 2; glutathione transferase 4; epidermal growth factor;
2. One mc word (mc-e, mc-s, but not mc-g [general subclass]) can be a protein name: 

adenosyltransferase; kinesin; cadherin;

3. One ce word alone can only be part of protein names.  ce words are always used in combination with other classes of words in protein names: 

transforming growth factor; heat shock protein 70;

natural killer cell-activating factor (nkaf);

pregnancy-associated major basic protein (pmbp).

4. One mc-g word alone can’t be a protein name:

protein; precursor; subunit; isoform; homolog; complex.

5. bt, ct alone can not make protein names unless combined with mc: 

transcription (factor II); potassium (channel); nucleoside diphosphate (phosphatase); 

B. Specific Rules (words associations):

1. ”DNA”:
DNA-directed; DNA –binding; DNA-dependent; polymerase; damage; DNA -ase (type of enzyme); packging; mismatch; repair; maturation; fragmentation; RNA; (segment;) transport; (also see bi- and trigrams).

2. ”gene”:
gene-related peptide; gene family member; gene activator; gene product; gene complex; gene regulator; related gene; associated gene; induced gene; inducible gene; responsive gene; expressed gene; variant gene; specific gene; inhibitory gene; immediate-early gene;

3. “inhibitor”:

· enzyme + inhibitor: -ase inhibitor; serine protease inhibitor; trypsin inhibitor…

· cellular (molecular) process + inhibitor + (numLett): apoptosis inhibitor 2; brain-specific angiogenesis inhibitor 1; cell division inhibitor; cell cycle inhibitor; complement cytolysis inhibitor sp-40; diazepam binding inhibitor; gdp dissociation inhibitor beta.

· activator inhibitor;

· tissue inhibitor of metalloproteinases (timp-1)

· inhibitor + precursor|subtypes;

· “inhibitory factor” is sometimes used: wnt inhibitory factor 1 precursor (wif-1);
4. ”channel”:

· ion (calcium, potassium…) + channel + (precursor, types);

· ion (calcium, potassium…) + activated (regulated) + ion (calcium, potassium…) channel + (precursor, types);

· -sensitive, -dependent, -gated, 

· channel associated protein of synapse-110 (chapsyn-110);

· potassium inwardly-rectifying channel;

· potassium voltage-gated channel;

· ligand-gated ion channel 4;

· voltage-dependent anion channel 3;

5. ”transporter”:

kind of transporter (function|substrate) + transporter + type (number|codes):

· abc transporter (atp-binding protein) bh0814;

· atp-binding cassette transporter tap1;

· 5-hydroxytryptamine (serotonin) transporter;

· excitatory amino acid transporter 4;

· sodium-dependent vitamin c transporter 1;

6. ”carrier”:

“carrier protein” is more often used (50%) than “transporter protein” (rarely);

7. ”repressor”:

· operon|transcription(al)|transcription factors (AP-2)|amino acids…|receptor| glucose…|  + repressor; 

· cellular|transcription(al)  repressor of …

· co-repressor;

8. ”activator”:

· “activator” takes both rules  of its  opposite words “inhibitor” and “repressor”;
· coactivator;

· transactivator;

· “enhancer” is mostly related to transcription (factor, activity): ccaat/enhancer binding protein (c/ebp), beta; angiotensinogen gene-inducible enhancer-binding protein; insulin gene enhancer protein isl-2; 
· “activating factor” is sometimes used: platelet-activating factor receptor;
· “stimulator” is rarely used: e.g., small g protein gdp dissociation stimulator;
· “stimulatory factor” is sometimes used: natural killer cell stimulatory factor 1;
· “stimulatory activity” is also rarely used: melanoma growth-stimulatory activity precursor;
9. ”regulator” is a general term for “activator, inhibitor …”, these rules may all  apply.
10. ”substrate”:

· abc transporter (substrate-binding protein) bh1209

· probable substrate-binding transport protein STY1865

· epidermal growth factor receptor pathway substrate 8 related protein 1

· hematopoietic cell specific lyn substrate 1

· crk-associated substrate p130cas

· insulin receptor substrate 2

· protein tyrosine phosphatase, non-receptor type substrate 1

· myristoylated alanine-rich protein kinase c substrate
· platelet/leukocyte c kinase substrate (pleckstrin)

· testis specific serine/threonine kinase substrate 

· ras-related c3 botulinum toxin substrate 1

11. ”box”:

· ..box binding; ..box-containing; ..box protein; ..box homolog 1; ..box gene 8;

· dead-box rna helicase; caat-box dna binding; homeo box transcription factor;  

· distal-less homeo box 5; dead/h box-3; forkhead box c2;

· f-box and leucine-rich repeat protein 2;

12. ”reaction”:

· reaction center

13. ”affinity”:

· high affinity
· low affinity
14. ”fragment”:

· fc fragment
· fab fragment
15. Issues on how to distinguish the following action words appearing in protein names from appearing in descriptive texts (need more expansion):

· acting, action;

· activating, activated, activation;

· interacting, interaction;

· inhibiting, inhibited, inhibitory, inhibition;

· modulating, modulatroy, modulated, modulation;

· regulating, regulated, regulatory, regulation;

· stimulating, stimulated, stimulatory, stimulation;

· suppressing, suppressive, suppression;
	Protein Name
	Descriptive Text

	… interacting protein (factor, domain …)
	… interacting with (the)…  

	Calcium-modulating cyclophilin ligand
	…(GAP) in modulating endocytosis…

	microtubule affinity-regulating kinase 3
	play a role in regulating osmotic stability


Part 3. Sample Lists of Word Classes (full list available from file:WordClass_dict.doc)
* numbers: words frequency.
I. BioMedical Words (~834)
1957 : ribosomal

1664 : cell

1591 : transcription

1322 : membrane

1318 : antigen

1269 : mitochondrial

1060 : growth

446 : drosophila

428 : tumor

421 : hormone

419 : transcriptional

371 : muscle

337 : chromosome

321 : vacuolar

319 : proteasome

310 : cytosolic

309 : biosynthesis

290 : homeobox

265 : brain

239 : fibroblast

229 : elongation

228 : sporulation

224 : transmembrane

224 : fatty

223 : photosystem

222 : mitogen

209 : human

198 : yeast

198 : splicing

198 : leukemia

197 : adhesion

191 : lymphocyte

179 : histocompatibility

176 : differentiation

176 : chemokine

175 : cerevisiae

172 : ligand

170 : syndrome

170 : operon

164 : cytoplasmic

163 : apoptosis

162 : superfamily

160 : testis

160 : endothelial

158 : necrosis

157 : macrophage

156 : secretory

155 : neuronal

155 : cancer

152 : spore

150 : platelet

148 : mouse

147 : skeletal

145 : toxin

144 : death

143 : leukocyte

137 : pancreatic

133 : flagellar

131 : lysosomal

130 : chloroplast

128 : recombination

128 : homeotic

126 : peroxisomal

125 : plasma

125 : liver

125 : bone

123 : rat

123 : eukaryotic

122 : tissue

121 : vesicle

121 : cardiac

118 : homeo

116 : viral

116 : thyroid

113 : forkhead

113 : cells

111 : autoantigen

109 : olfactory

109 : golgi

109 : clone

105 : neural

105 : dead

104 : placental

103 : virus

103 : melanoma

101 : locus

98 : proto

95 : genes

95 : breast

94 : secreted

93 : secretion

93 : microtubule

92 : transcript

92 : chromatin

91 : sperm

91 : disease

90 : chaperone

89 : cellular

86 : pore

86 : neutrophil

86 : microsomal

85 : mitotic

84 : vascular

84 : nucleolar

84 : coli

82 : serum

82 : chr

80 : plasmid

80 : multidrug

80 : mating

80 : extracellular

78 : coagulation

77 : mammalian

76 : monocyte

76 : epidermal

75 : shiga

75 : hepatic

74 : reticulum

73 : chemotaxis

72 : adrenergic

71 : endoplasmic

70 : male

70 : lymphoma

70 : intestinal

70 : epithelial

69 : meiosis

69 : biogenesis

68 : sex

68 : avian

67 : islet

67 : hematopoietic

65 : sarcoma

65 : natriuretic

65 : kidney

65 : inflammatory

64 : blood

63 : uptake

63 : neurotrophic

63 : myeloid

63 : morphogenetic

63 : heart

61 : phage

60 : translocation

60 : rod

II. Chemical Words (~792)
1097 : acid

985 : tyrosine

907 : phosphate

816 : serine

514 : calcium

438 : threonine

418 : potassium

414 : zinc

375 : nucleotide

349 : acyl

338 : glutamate

325 : glucose

294 : nadh

287 : guanine

276 : catalytic

275 : sodium

263 : amino

254 : glutathione

238 : molecule

233 : aspartate

228 : ubiquinone

227 : acetyl

225 : cysteine

219 : histidine

205 : pyruvate

189 : proline

175 : glycine

170 : iron

166 : mannose

162 : glutamine

160 : fructose

160 : alcohol

160 : acidic

158 : arginine

155 : diphosphate

149 : sulfate

149 : inositol

146 : glycerol

143 : leucine

141 : phosphatidylinositol

140 : alanine

138 : proton

138 : conjugating

137 : trans

132 : aldehyde

131 : methyl

131 : helix

128 : soluble

128 : nucleoside

122 : steroid

122 : ferredoxin

115 : retinoic

114 : substrate

110 : prolyl

108 : superoxide

105 : peptidyl

104 : sugar

104 : poly

104 : adenylate

103 : cis

102 : ubiquinol

101 : prostaglandin

100 : acetylglucosamine

99 : sterol

99 : ribose

99 : galactose

96 : tryptophan

96 : ornithine

95 : enoyl

93 : ion

92 : bisphosphate

91 : succinate

91 : heme

91 : chloride

90 : sulfur

87 : phosphoglycerate

87 : glutamyl

87 : carbonic

86 : cofactor

82 : pro

82 : hydroxysteroid

82 : disulfide

82 : cation

82 : adenosine

81 : methionine

81 : keto

80 : anion

79 : oxysterol

78 : estrogen

77 : acetylcholine

76 : alkaline

75 : copper

74 : ribosylation

73 : ribonucleotide

73 : deoxy

72 : pyrophosphate

71 : lipid

70 : hydroxy

70 : guanylate

70 : cleavage

70 : branched

70 : ammonia

69 : formate

69 : diacylglycerol

68 : semialdehyde

68 : lysine

68 : aminobutyric

67 : uracil

67 : phosphoribosyl

66 : adenosylmethionine

64 : glucan

63 : dolichyl

62 : vitamin

62 : retinol

62 : phospho

62 : citrate

60 : hexose

60 : carnitine

59 : oxoacyl

59 : carboxyl

58 : thiol

58 : phospholipid

57 : multicatalytic

57 : maltose

57 : dicarboxylate

56 : dopamine

56 : dihydrolipoamide

55 : purine

55 : monophosphate

54 : ribonucleoside

54 : oxoglutarate

53 : peptidylprolyl

53 : malate

53 : cholesterol

53 : carbamoyl

53 : adenine

52 : quinone

52 : phenylalanine

52 : organic

52 : lactate

52 : androgen

51 : lipase

50 : nicotinic

50 : hydroxytryptamine

50 : dipeptidyl

49 : aminoglycoside

48 : chorismate

47 : polyphosphate

47 : hydrogen

47 : glyceraldehyde

III. Macromolecule Subclasses (~1033): 

e - enzyme

e 4170 : kinase 

e 1729 : dehydrogenase 

e 1520 : synthase 

e 1131 : phosphatase 

e 999 : reductase 

e 889 : synthetase 

e 771 : polymerase 

e 680 : oxidase 

e 667 : protease 

e 551 : ligase 

e 446 : permease 

e 431 : isomerase 

e 428 : transferase 

e 326 : oxidoreductase 

e 321 : helicase 

e 296 : decarboxylase 

e 295 : proteinase 

e 288 : methyltransferase 

e 277 : hydrolase 

e 274 : lyase 

e 249 : hydroxylase 

e 249 : acetyltransferase 

e 213 : metalloproteinase 

e 209 : dehydratase 

e 206 : aminotransferase 

e 187 : monooxygenase 

e 185 : cyclase 

e 176 : galactosyltransferase 

e 168 : phosphotransferase 

e 166 : transposase 

e 161 : sulfotransferase 

e 160 : ribonuclease 

e 155 : aminopeptidase 

e 150 : phosphodiesterase 

e 147 : aldolase 

e 139 : carboxylase 

e 137 : phospholipase 

e 136 : endopeptidase 

e 135 : deaminase 

e 131 : carboxypeptidase 

e 130 : endonuclease 

e 127 : peptidase 

e 124 : phosphorylase 

e 120 : caspase 

e 112 : mutase 

e 112 : acyltransferase 

e 109 : convertase 

s - single word name
s 1148 : cytochrome 

s 670 : glycoprotein 

s 496 : ubiquitin 

s 419 : histone 

s 384 : actin 

s 329 : protocadherin 

s 325 : cyclin 

s 324 : interleukin 

s 286 : collagen 

s 242 : myosin 

s 242 : interferon 

s 221 : cytokine 

s 220 : cadherin 

s 215 : phosphoprotein 

s 207 : ribonucleoprotein 

s 205 : preproprotein 

s 199 : insulin 

s 188 : keratin 

s 165 : hemoglobin 

s 161 : lectin 

s 140 : tubulin 

s 135 : calmodulin 

s 134 : integrin 

s 133 : clathrin 

s 129 : crystallin 

s 128 : apolipoprotein 

s 126 : ankyrin 

s 126 : amyloid 

s 125 : trypsin 

s 124 : thioredoxin 

s 112 : disintegrin 

s 110 : immunoglobulin 

s 110 : cathepsin 

s 108 : kallikrein 

s 103 : kinesin 

s 101 : lipoprotein 

s 97 : thrombin 

s 95 : annexin 

s 93 : heparin 

s 90 : laminin 

s 88 : flavoprotein 

s 87 : myelin 

s 85 : plasminogen 

s 85 : casein 

s 84 : chaperonin 

s 81 : cyclophilin 

s 77 : subtilisin 

g - general class
g 33201 : protein 

g 6450 : precursor 

g 5047 : factor 

g 4550 : receptor 

g 4092 : subunit 

g 3729 : chain 

g 2726 : isoform 

g 2236 : homolog 

g 1487 : gene 

g 1036 : complex 

g 981 : polypeptide 

g 964 : regulator 

g 952 : transporter 

g 832 : component 

g 801 : domain 

g 794 : channel 

g 765 : inhibitor 

g 707 : enzyme 

g 550 : carrier 

g 513 : activator 

g 480 : peptide 

g 439 : oncogene 

g 373 : suppressor 

g 252 : enhancer 

g 245 : sequence 

g 240 : motif 

g 238 : repressor 

g 173 : coenzyme 

g 162 : complement 

g 156 : product 

g 156 : adaptor 

g 148 : pump 

g 129 : proteins 

g 118 : chain 

g 116 : proteoglycan 

g 99 : glycogen 

g 96 : isozyme 

g 87 : neuropeptide 

g 84 : transducer 

g 84 : oligopeptide 

g 78 : domains 

g 63 : adapter 

g 59 : cotransporter 

g 51 : transporter 

g 50 : polysaccharide 

g 49 : proteolipid 

g 46 : interactor 

IV. Common English (~807)
4351 : binding

2765 : like

1919 : type

1876 : associated

1687 : related

1243 : specific

1222 : member

1116 : family

1005 : probable

991 : dependent

895 : nuclear

793 : transport

778 : box

679 : regulatory

587 : containing

574 : putative

537 : form

533 : interacting

533 : activated

521 : small

489 : finger

455 : subfamily

427 : inducible

423 : similar

416 : class

413 : shock

410 : involved

392 : rich

385 : initiation

378 : activating

373 : heat

364 : transporting

326 : division

322 : splice

320 : resistance

317 : repair

317 : expressed

304 : two

297 : response

297 : required

293 : induced

288 : directed

286 : large

285 : translation

270 : derived

263 : group

255 : assembly

251 : repeat

242 : signal

242 : regulated

235 : surface

235 : long

230 : non

229 : light

225 : region

224 : transforming

224 : high

223 : matrix

211 : major

203 : replication

201 : solute

196 : cycle

186 : synthesis

186 : basic

185 : voltage

185 : heavy

185 : coupled

182 : cassette

181 : affinity

180 : site

180 : core

176 : short

174 : early

168 : control

167 : activation

163 : outer

160 : stimulating

157 : terminal

152 : linked

152 : gated

149 : low

147 : activity

145 : homologous

142 : paired

141 : element

135 : frame

134 : reading

133 : homology

132 : processing

131 : sub

131 : sensitive

131 : recognition

131 : pathway

128 : sensor

125 : pre

123 : ring

121 : releasing

120 : responsive

117 : specificity

116 : sorting

115 : inhibitory

114 : transfer

113 : stress

112 : tripartite

111 : regulation

109 : multiple

108 : sector

107 : killer

104 : particle

104 : dual

103 : coat

101 : stage

101 : lethal

101 : center

98 : full

98 : bound

97 : accessory

96 : segment

96 : heterogeneous

95 : general

95 : anchor

93 : may

93 : cyclic

92 : system

92 : signaling

91 : variant

89 : single

89 : expression

89 : exchange

88 : fusion

86 : import

86 : export

85 : reaction

84 : negative

82 : identical

81 : junction

81 : converting

80 : against

79 : inner

77 : gap

75 : integral

74 : cold

73 : positive

72 : determining

71 : wall

70 : integration

70 : complexed

69 : open

69 : mothers

69 : function

68 : late

V. Unclassified Words (~147)
Person’s names (n)

n 26 : williams

n 26 : beuren (#syndrome)

n 16 : von

n 16 : epstein

n 14 : janus

n 11 : wilms

n 11 : fanconi

n 10 : aldrich

n 9 : werner

n 9 : niemann

n 8 : willebrand

n 8 : tarazu

n 8 : kringle

n 8 : fushi

n 8 : camello

n 7 : hermansky

n 6 : sushi

n 6 : lewis

n 5 : nashi

n 5 : moloney

n 5 : harvey

n 5 : ebner's

Other unclassified words

2267 : riken

48 : pitslre

29 : wayne

28 : fxyd

28 : acp

27 : notch

26 : betaglcnac

25 : hnf

24 : prka

24 : pap

23 : muts

23 : erato

22 : tfiia

17 : hexon

17 : curli

17 : chey

16 : chea

15 : staufen

15 : neu

15 : kelch

15 : dunce

14 : clara

13 : rieske

13 : par

13 : mutl

13 : mpr

13 : ecto

13 : dickkopf

13 : di

12 : tubby

12 : tar

12 : ski

12 : krox

12 : krab

12 : iso

12 : dishevelled

12 : discs

12 : ampk

11 : tspan

11 : kazal

11 : copine

11 : ant

10 : wiskott

10 : tip

10 : pros

10 : phers

10 : nap

10 : mutt

10 : mucdhl

10 : marcks

10 : kunitz

10 : btb

10 : bruton

10 : absentia

10 : abelson

9 : ovo

9 : nkx

9 : larval

9 : lar

9 : kirsten

9 : dachshund

9 : can

9 : brachyury

8 : vitro

8 : vilip

8 : turandot

8 : tellurite

8 : rapa

8 : rap

8 : pantoate

8 : infra

8 : glcnact

8 : fur

7 : wee1

7 : parp

7 : ilvgmeda

7 : comple

7 : colanic

7 : charcot

7 : brahma

7 : ariadne

7 : adometdc

6 : taxis

6 : rhogapx

6 : oculis

6 : octulosonic

6 : mig

6 : marie

6 : leif

6 : hirschhorn

6 : hex

6 : groucho

6 : gravin

6 : gemin

6 : flice

6 : duffy

6 : brigham

5 : vasa

5 : tiar

5 : snares

5 : slug

5 : sina

5 : saicar

5 : requiem

5 : polypept

5 : pescadillo

5 : paneth

5 : pan

5 : nucleobase

5 : nemo

5 : midkine

5 : lam

5 : iroquois

5 : ikaros

5 : humbug

5 : homing

5 : ftsi

5 : fceri

5 : emap

5 : dom

5 : core1

5 : cockayne

5 : arca

5 : alad

5 : adamts

VI. Non-word Single Token
8108 : ec

2253 : cdna

1180 : kda

1081 : atp

1050 : rna

805 : atpase

776 : p1

677 : trna

621 : coa

467 : abc

396 : p450

374 : gtp

358 : ras

310 : upd

300 : e.c.

273 : h+

234 : 60s

233 : 50s

224 : 1,4

224 : 1a

212 : a2

209 : mrna

190 : 30s

190 : 1b

187 : adp

180 : 5'
197 : 1a

178 : a1

177 : 1b

176 : map

173 : 3.6.3.14

168 : 2.7.1.112

164 : 2a

158 : nad

155 : 40s

151 : orf

144 : e2

143 : ap

141 : il

136 : lim

133 : hox

133 : 2b

131 : gtpase

127 : p2

123 : pts

120 : fc

118 : camp

115 : kd

115 : k+

115 : hla

114 : tbp

113 : eif

111 : b1

110 : tata

107 : bcl

105 : sh3

102 : na+

99 : 26s

98 : 3'

97 : nf

94 : gaba

94 : e1

88 : asp

87 : fk506

87 : er

86 : rab

86 : h3

85 : wd

85 : psii

84 : sp

84 : h1

84 : ef

84 : amp

84 : a4

83 : gdp

83 : d1

79 : sm

78 : snrnp

77 : jun

76 : bcl2

75 : rnase

75 : nadp

75 : mhc

74 : nadph

73 : tnf

73 : myc

73 : g1

72 : pi

72 : gal

70 : ph

69 : tgf

69 : iia

69 : ib

69 : cys

68 : pct

68 : mrp

68 : ets

68 : c4

67 : l1

67 : b2

66 : p21

66 : c1

66 : 1c

65 : met

65 : c3

63 : wnt

62 : p53

61 : dnaj

61 : ca2+

61 : 3b

60 : cdp

60 : 3a

59 : egf

57 : rrna

57 : hmg

57 : h4

57 : fas

57 : d2

57 : cgi

56 : nk

56 : na

56 : glcnac

56 : c2

56 : ala

55 : nadh2

55 : imp

55 : d3

55 : cam

55 : b559

54 : erk

53 : src

53 : fgf

53 : ck

52 : zn

52 : ran

52 : h2a

52 : glu

52 : f1

51 : swi

51 : gst

50 : snf

50 : rad51

50 : e3

49 : mad

49 : leu

49 : ia

48 : mt

48 : iib

48 : h2

48 : b6

Part 4. Bigrams and

Trigrams: examples


binding protein

interacting protein

dna-binding protein

regulatory protein

fusion protein

atp-binding

gtp-binding

atp-dependent

membrane protein

transmembrane

nuclear protein

nuclear receptor

cytosolic protein

homeobox protein

protein kinase

growth factor

growth factor receptor

transcription factor 

replication factor

regulatory subunit

hormone receptor

DNA damage

DNA segment

DNA repair

DNA directed

RNA directed

(open) reading frame (ORF)

long terminal

cell division (control)

cell cycle

cell cycle checkpoint

cell wall

gene product

X-linked

heat shock protein (hsp)

cold shock protein (csp)

heavy chain

light chain

converting enzyme

restriction enzyme

growth arrest

orphan receptor

(programmed) cell death

amino acid

ribosomal subunit

ribosomal protein

protein precursor

fatty acid

abc transporter

coupled receptor

proto-oncogene

dna helicase

rna helicase

protein-tyrosine kinase

tyrosine kinase

high affinity

low affinity

splicing factor

hormone precursor

helix-loop-helix 

signal transducer

proteinase inhibitor

atpase inhibitor

...tyl-trna synthetase

voltage-dependent

n-terminal

c-terminal

carboxyl-terminal

(ring, zinc) finger protein

late response 

early response

trans-acting

transcription(al) activator

transcription(al) regulator

negative regulator

carrier protein

molecular weight

translation initiation

transcription initiation factor

guanine nucleotide

in vitro

in vivo

membrane trafficking

single- stranded (binding)

double- stranded (binding)

heparin-binding 

tata box-binding

iron-sulfur

camp responsive

camp-responsive

cyclic amp-responsive 

chromatin remodeling

histocompatibility antigen

major histocompatibility complex

histocompatibility antigen

ubiquitin-conjugating enzyme

tyrosine phosphatase

protein tyrosine phosphatase

mitogen-activated protein

rna polymerase

dna polymerase

integral membrane 

immediate-early 

branched-chain

multidrug resistance

drug resistance

nuclear matrix

stress response

colony-stimulating

molecular chaperone

chaperone protein

domain-containing 

proline-rich 

natural killer

protein kinase kinase kinase

sex determining

voltage-gated

domain-containing

domain-binding

full-length

hormone-responsive

tissue-specific

complement component

tumor necrosis factor

coiled-coil

cell line

golgi apparatus

dead box

reaction center

cross-reactive

fc fragment 

fab fragment

Name set of ~30k NREF entries with at least 5 citations or with any number of citations that has curated information from underlying databases such as PIR, SGD or LocusLink





Counting word frequencies and Classifying words. There are total of ~42k tokens.  Choose tokens occurring >=5 times in the name set (~4k), which covers 97.6% of the chosen NREF entries (30,223 out of 30,962). 





Entire set of protein names (titles) of one million NREF entries.





Dictionary 2:


Single non-word tokens: ras, UDP, P450, e.c., h+, 60s, etc.


[including: nucleic acids; nucleotides; amino acids; ions; molecular weight (s, kd); abbrv; ec #; chemical group positions, etc.] 





Dictionary 1 (3910): 


Single word tokens:


Stop words (and Greek)


Common English words


Techical/domain-specific terms





Words Classification





Word Classes


 gr - Greek letter


 st - stop word 


 bt - biological and medical term				~834   


 mc - macromolecule (protein, DNA, RNA, etc.) 		~1033      


 ct - chemical term						~792      


 ce - common English						~807      


      - unclassified 						~125





Sub-Classification within the Classes








mc – macromolecule (was classified):


e - Enzymes: -ase


s - single-word names: mainly with -in, also with -gen, etc.


g - general: protein, receptor, etc.





ct - chemical term:


elements (copper)


amino acids (serine)


chemical groups (prolyl, enoyl)


root chemical compounds (maltose, folate)


prefix and suffix (trans-, bis-)





bt - biological and medical term


source/location


organisms /species


tissues (organs, tissues, body fluids)


cellular components (cell type and subcellular) 


processes (molecular, biochemical, immunological, etc)


diseases





ce - common English:





Difficult to subgroup them, because they can be used in any above technical categories.





Computationally created:


Bigrams


Trigrams


To be curated!
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