
Supplementary Table S1 

Manual checking of 176 genes from K-12 MG1655 and of 39 GFs from the E. coli softcore 

genome without any automatically assigned literature 

 

For the list of 176 genes from the genome of E. coli K-12 MG1655, a manual PUBMED search 

was carried out using the following syntax. The command is provided for the example of gene 

b0276/yagJ and it was modified for the other genes correspondingly: 

 

https://pubmed.ncbi.nlm.nih.gov/?term=((b0276[Text Word]) OR (yagJ[Text Word])) AND 

(Escherichia coli[Text Word]) 

 

The search result was empty for 145 genes and delivered a non-zero output for 31 genes 

enumerated in this table (we manually excluded clearly false-positive hits if any were 

generated). In all articles listed, the respective gene is mentioned in the main text or even in 

the abstract. To note, thirteen of these studies seem large-scale, typically genome-wide analyses 

and hardly count as dedicated articles in the understanding of this work.  

 

Yet, the automated literature assignment missed all the articles listed in the table contrary to 

our intentions. The explanation is due to context exclusion rules in the rule set introduced to 

suppress other false-positive literature assignments that might be caused by usage of gene 

names in a non-gene name circumstance. Thus, the automated procedure has a trend for under-

estimating FPE scores.  

 

24 genes have one article missed. For five genes, it is a pair of articles. For the two genes b1265 

(trpL) and b3643 (rph), there are a larger number of mapped articles, and we list only a few of 

the relevant ones.  

 

Some genes have ambiguous naming and identification of mapped literatures requires some 

extra efforts. For example, the name “trpL” is a trp operon leader peptide and is used in 

experimental models to study transcriptional pausing mechanisms1. But in the literature search, 

we can find TrpL coding for a dietary-related experiment. As another example, searching for 

the gene ibsC in E. coli returns some articles related to irritable bowel syndrome (IBS)2, which 

are clearly not about the gene ibsC. 

 

This manual PUBMED check does not exclude certain ambiguities due to other limitations 

inherent to our approach. Sometimes, gene names are mentioned in a very convoluted form. 

For example, in the case of gene No. 7 in the list (b1392/paaE), the automated literature 

mapping procedure did not assign any paper and the manual check found just one. Yet as we 

discovered later, Teufel et al.3 published a small report mentioning “paaABCDE”, an 

expression denoting a group of genes in the operon paa including the gene paaE, among other 

genes. 

 

Similarly, we analysed the 39 GFs of the softcore genome that where not automatically mapped 

to literature (see also Supplementary File 6/second worksheet). 33 of them contain K-12 genes.  

 

A subgroup of ten GFs were found being annotated with articles by our manual PUBMED 

searches (GF_1516, GF_4189, GF_9029, GF_9184, GF_10279, GF_10300, GF_10333, 

GF_11896, GF_16540, and GF_17432). The remaining 23 of them (GF_1804, GF_2294, 

GF_2576, GF_2906, GF_3516, GF_3865, GF_4055, GF_7378, GF_8799, GF_9471, GF_9529, 

GF_10297, GF_10316, GF_10343 (from the core, with b3782/rhoL), GF_14365, GF_15465, 



GF_17477, GF_18519, GF_22441, GF_24357, GF_26787, GF_27674, GF_28417) coincide 

with GFs from the K-12 gene mapping that have no associated publication even after manual 

testing.  

 

A similar check for six GFs that do not contain K-12 genes suggests that 3 of them 

(GF_2374/lafU4, 5, GF_3137/fruR6-9 and GF_4428/crl10-13) can be mapped to publications. The 

remaining 3 (GF_382, GF_2374, GF_3137, GF_4254, and GF_19709) are described as 

hypothetical/unknown function and remain unmapped. Thus, we have 26 softcore genome GFs 

without dedicated articles including one core genome GF.  

 

 

No. Gene ProteinID GeneName Pubmed ID 
Large-scale 

study 

1 b0012 YP_009518733.1 mbiA/htgA 2411174514 - 

2 b0276 YP_009518744.1 yagJ 2771837515 2771837515 

3 b1149 YP_009518764.1 ymfN 1473361916 1473361916 

4 b1151 YP_009518765.1 beeE 1473361916 1473361916 

5 b1265 NP_415781.1 trpL 
358337131, 360974717, 

945779718, 204536219, … 
- 

6 b1366 YP_009518777.1 ydaY 1459299020 1459299020 

7 b1392 NP_415910.1 paaE 316890713, 1725960721 - 

8 b1543 YP_009518786.1 ydfJ 2174408622, 1722213223 1722213223 

9 b1548 YP_009518788.1 nohA 1110167524 - 

10 b1567 YP_009518792.1 ydfW 2402567625 - 

11 b1715 NP_416230.1 pheM 2835191726 - 

12 b2356 YP_009518803.1 yfdM 3099547327 - 

13 b2358 YP_009518804.1 yfdO 2126699728 - 

14 b2598 NP_417089.1 pheL 2117764229 - 

15 b3418 NP_417877.1 malT 2393477430 - 

16 b3586 NP_418043.1 yiaV 1566800931 1566800931 

17 b3643 YP_009518822.1 rph 
850104532, 151225233, 

2880813334, 164478935, ... 
- 

18 b4419 YP_025297.1 ldrA 2451396736 - 

19 b4545 YP_009518805.1 ypdJ 2402567625 - 

20 b4606 YP_001165325.1 ypfM 2980832637 2980832637 

21 b4664 YP_002791256.1 ibsD 3202975538 3202975538 

22 b4665 YP_002791255.1 ibsC 3251649339, 2098026740 - 

23 b4667 YP_002791247.1 ibsA 2045303241 - 

24 b4668 YP_002791248.1 ibsB 3226806842 3226806842 

25 b4702 YP_003933616.1 mgtL 2910005343, 2864499044 2864499044 

26 b4723 YP_009518761.1 ymcF 2886199845 2886199845 

27 b4724 YP_009518790.1 ynfQ 2886199845 2886199845 

28 b4725 YP_009518806.1 rseD 2892402946 - 

29 b4727 YP_009518737.1 yacM 1504482947, 2964534248 2964534248 

30 b4766 YP_010051174.1 argL 31991349, 455300650 - 

31 b4803 YP_010051176.1 speFL 3209458551 - 
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Supplementary Table S2 

List of 43 genes with aggregated FPE score ≥ 500. The genes are sorted according to its 

aggregated FPE Score. 

GeneID GeneName Product Description GF_ID FPE Score 

b0344 lacZ beta-galactosidase GF_16470 7771.026 

b0014 dnaK chaperone protein DnaK GF_16808 4863.671 

b1923 fliC flagellar filament structural protein GF_4133 3832.099 

b2699 recA DNA recombination/repair protein RecA GF_9596 3292.364 

b2233 yfaL putative autotransporter adhesin YfaL GF_2033 1821.806 

b3359 argD 
N-acetylornithine aminotransferase/N-

succinyldiaminopimelate aminotransferase 
GF_4123 1812.858 

b2231 gyrA DNA gyrase subunit A GF_27077 1647.844 

b4143 groL chaperonin GroEL GF_5744 1497.186 

b0957 ompA outer membrane protein A GF_19292 1483.038 

b0928 aspC aspartate aminotransferase GF_10146 1449.186 

b0095 ftsZ cell division protein FtsZ GF_8531 1197.353 

b0294 ecpR 
DNA-binding transcriptional dual 

regulator MatA 
GF_4060 1183.701 

b3987 rpoB RNA polymerase subunit beta GF_10114 1126.995 

b2741 rpoS 
RNA polymerase%2C sigma S (sigma 38) 

factor 
GF_6615 1109.314 

b4043 lexA 
DNA-binding transcriptional repressor 

LexA 
GF_29695 1108.321 

b3973 birA 

DNA-binding transcriptional 

repressor/biotin-[acetyl-CoA-carboxylase] 

ligase BirA 

GF_10107 1106.663 

b3699 gyrB DNA gyrase subunit B GF_10402 1030.61 

b0929 ompF outer membrane porin F GF_7698 1024.15 

b1617 uidA beta-glucuronidase GF_3547 1016.759 

b3702 dnaA 
chromosomal replication initiator protein 

DnaA 
GF_10007 994.4677 

b3067 rpoD 
RNA polymerase%2C sigma 70 (sigma D) 

factor 
GF_12022 924.4761 

b0842 mdfA 
multidrug efflux pump MdfA/Na(+):H(+) 

antiporter/K(+):H(+) antiporter 
GF_8829 854.0526 

b4150 ampC beta-lactamase GF_2953 841.6712 

b4024 lysC aspartate kinase III GF_10132 790.144 

b0383 phoA alkaline phosphatase GF_8636 781.7246 

b3342 rpsL 30S ribosomal subunit protein S12 GF_29819 778.2261 

b3035 tolC outer membrane channel TolC GF_9745 739.9653 

b3357 crp 
DNA-binding transcriptional dual 

regulator CRP 
GF_29705 735.3363 

b4058 uvrA excision nuclease subunit A GF_10149 721.9311 

b2945 endA DNA-specific endonuclease I GF_9706 650.2455 

b0611 rna RNase I GF_4076 631.398 



b0064 araC 
DNA-binding transcriptional dual 

regulator AraC 
GF_8514 610.5677 

b4034 malE 
maltose ABC transporter periplasmic 

binding protein 
GF_10138 608.5745 

b4172 hfq RNA-binding protein Hfq GF_29822 593.9419 

b0624 crcB F(-) channel GF_8724 581.1883 

b4320 fimH 
type 1 fimbriae D-mannose specific 

adhesin 
GF_29602 581.0575 

b2215 ompC outer membrane porin C GF_368 579.7966 

b3822 recQ ATP-dependent DNA helicase RecQ GF_28326 573.4825 

b0888 trxB thioredoxin reductase GF_20742 566.6851 

b0565 ompT DLP12 prophage%3B protease 7 GF_499 555.7283 

b3806 cyaA adenylate cyclase GF_24191 510.9377 

b0533 sfmH putative fimbrial adhesin protein SfmH GF_11601 510.0025 

b4142 groS cochaperonin GroES GF_4659 503.7996 

 



Supplementary Table S3 

The total number of genes and publications together with the mapped softcore and 

publications for the six E. coli strains 

taxon_id STRING name 
Genome Assembly 

ID 
#Genes 

#Publi

cations 
#Softcore 

#Publications 

(Softcore) 

155864 

Escherichia coli 

O157H7 str. 

EDL933 

GCF_000732965.1 2874 3293 2069 2229 

199310 
Escherichia coli 

CFT073 
GCF_000007445.1 1276 378 907 340 

362663 
Escherichia coli 

536 
GCF_000013305.1 391 115 322 110 

469008 
Escherichia coli 

BL21 
GCF_000009565.1 1766 3153 1485 2981 

481805 
Escherichia coli 

ATCC8739 
GCF_000019385.1 317 101 282 97 

511145 
Escherichia coli 

K12 MG1655 
GCF_000005845.2 4097 171590 3011 158937 

 Total (Union) 174120 3017 160598 



 

Supplementary Table S4 

The number of E. coli softcore genes as well as sum of literature score in various FPE score ranges.  

We list the total number of softcore genes in the respective FPE range at the time of study (“#Genes”). We added a row for the 39 genes not 

specifically mentioned in any article about E. coli. Also, we calculated sum of the literature score for all genes in the respective FPE range 

(“Literature Score”). The total literature score is equivalent to the total number of articles identified in this study. The FPE score range is further 

classified into six categories and the total number of genes in that category is provided (“ΣGenes”). 

FPE Score Range #GFs 
Percentage of 

3056 GFs 

Total  

Literature Score 

Percentage of 

Total Score 
ƩGFs Category 

0 39 1.28% 0 0.00% 39 Not studied 

0<x<1 336 10.99% 118.12 0.07% 

1308 Very understudied 1≤x<5 586 19.18% 1518.32 0.95% 

5≤x<10 386 12.63% 2886.73 1.80% 

10≤x<15 279 9.13% 3445.79 2.15% 

613 Understudied 15 ≤x< 20 183 5.99% 3162.11 1.97% 

20 ≤x< 25 151 4.94% 3373.96 2.10% 

25 ≤x< 30 119 3.89% 3251.85 2.02% 

329 Moderately studied 30 ≤x< 35 102 3.34% 3301.96 2.06% 

35≤x<40 108 3.53% 4034.94 2.51% 

40≤x<45 63 2.06% 2672.42 1.66% 

320 Intensively studied 45≤x<50 45 1.47% 2129.00 1.33% 

50≤x<75 212 6.94% 12813.19 7.98% 

75≤x<100 105 3.44% 9131.59 5.69% 

447 Very intensively studied 100≤x<500 305 9.98% 59455.68 37.02% 

x≥500 37 1.21% 49302.37 30.70% 

Total 3056 - 160598 -   

 

 



 

Supplementary Table S5 

The growing trend of literature coverage for E. coli softcore genes in various FPE score thresholds 

The letter “T” in abbreviations “T0, T1, etc.” stands for “threshold” applied to FPE values. Further, the curve of the number of new genes in the 

respective FPE range as a function of the year (see Supplementary Figure S4) is analysed with linear regression methods. The trend of changes is 

generally identified through two phases, i. e. Phase 1 and Phase 2. The slopes, R2, ρ and P-value in time intervals of Phase 1 and Phase 2 are 

listed based on linear regression model yi ~ C + b.xi; where yi = total number of new genes reaching the specific FPE threshold at year i; xi = year 

i; b is the slope and C is intercept. The slope (b) indicates the rate of total number of new genes reaching a specific FPE score threshold 

throughout the years. A positive slope indicates that the total number of new genes reaching a specific FPE score threshold is larger than the 

previous year (or from year to year); a negative slope indicates otherwise. ρ is the linear correlation between the total number of new genes 

reaching a specific FPE score threshold and year. R2 is the square of correlation or the goodness of fit of the linear regression. P-value is the 

significance of the slope. The total number of genes reaching the specific FPE score threshold can then be estimated by: Ni ~ N(i-1) + yi; where Ni 

and N(i-1) = total number of genes reaching the specific FPE score threshold at year i and (i-1) respectively. The symbol ↑ indicates growing 

trend, whereas the symbol ↓ indicates declining trend. The symbol ↑↑ indicates accelerating growth trend. 

FPE Score Threshold 
Phase 1  Phase 2 

Years Slope R2 ρ P-value Years Slope R2 ρ P-value 

0 - - - - - - - - - - 

T0 (0<x<1) 1960 – 2009 ↑ 1.39 0.76 0.87 3.55E-16 2009 – 2021 ↓ -6.38 0.89 0.94 1.53E-06 

T1 (1≤x<5) 1965 – 2009 ↑ 1.21 0.68 0.82 3.34E-12 2009 – 2021 ↓ -3.56 0.69 0.83 4.23E-04 

T5 (5≤x<10) 1970 – 2013 ↑ 1.48 0.83 0.91 5.67E-18 2013 – 2021 ↓ -5.62 0.92 0.96 4.94E-05 

T10 (10≤x<15) 1973 – 2001 ↑ 0.97 0.78 0.88 2.09E-10 2001 – 2021 ↑↑ 2.73 0.73 0.85 9.62E-07 

T15 (15 ≤x< 20) 1973 – 2003 ↑ 0.84 0.83 0.91 7.13E-12 2003 – 2021 ↑↑ 2.91 0.65 0.81 3.21E-05 

T20 (20 ≤x< 25) 1973 – 2004 ↑ 0.64 0.77 0.88 3.68E-11 2004 – 2021 ↑↑ 3.16 0.84 0.92 8.47E-08 

T25 (25 ≤x< 30) 1975 – 2004 ↑ 0.48 0.64 0.80 1.36E-07 2004 – 2021 ↑↑ 3.33 0.87 0.93 1.89E-08 

T30 (30 ≤x< 35) 1975 – 2004 ↑ 0.47 0.71 0.84 5.67E-09 2004 – 2021 ↑↑ 3.26 0.88 0.94 6.85E-09 

T35 (35≤x<40) 1975 – 2004 ↑ 0.40 0.77 0.88 1.46E-10 2004 – 2021 ↑↑ 2.91 0.85 0.92 5.08E-08 

T40 (40≤x<45) 1975 – 2006 ↑ 0.38 0.66 0.81 1.75E-08 2006 – 2021 ↑↑ 2.22 0.83 0.91 1.07E-06 



T45 (45≤x<50) 1975 – 2006 ↑ 0.35 0.59 0.77 2.45E-07 2006 – 2021 ↑↑ 2.08 0.71 0.85 3.75E-05 

T50 (50≤x<75) 1975 – 2006 ↑ 0.34 0.70 0.84 2.09E-09 2006 – 2021 ↑↑ 2.53 0.77 0.88 8.33E-06 

T75 (75≤x<100) 1980 – 2006 ↑ 0.17 0.39 0.63 4.78E-04 2006 – 2021 ↑↑ 2.03 0.85 0.92 3.62E-07 

T100 (100≤x<500) 1980 – 2006 ↑ 0.10 0.23 0.48 1.09E-02 2006 – 2021 ↑↑ 1.86 0.77 0.88 7.19E-06 

T500 (x≥500) 1980 – 2021 ↑ 0.08 0.42 0.64 4.14E-06 - - - - - 
 

 



Supplementary Table S6  

Exclusion lists of genes from the group of 176 K-12 MG1655 genes.  

176 E. coli K-12 MG1655 genes are left without any assigned literature by our automated 

procedure (Supplementary File 1). When mapped to the GFs constituting the E. coli pan-genome, 

they are found contained in 171 GFs (see upper part of the table). Four GFs include several genes). 

The gene b4795/yibX has two transcripts that match different GFs. We checked if any of the genes 

in those 171 GFs mapped to a publication with our automated procedure. We were able to find 

articles for 11 genes via their homologues (see lower part of the table).  

 

Supplementary File 6 lists the remaining 160 GFs together with the 11 in this list. 36 GFs belong 

to the 95%-threshold softcore genome. GF_10343 with b3782/rhoL is even part of the core genome. 

This suggests that there are still genes within the E. coli genome with fundamental function, widely 

distributed among lineages but not well studied.  

 

Gene family No. in the E. 

coli pangenome 
Genes from K-12 MG1655 contained in the gene family 

GF_1516 ymcF and ynfQ 

GF_10366 yibX (YP_010051208.1, 80AA) 

GF_10367 yibX (YP_010051209.1, 24AA) 

GF_10369 ymgK and yicU 

GF_10438 ynaM and ynfT 

GF_17432 ibsA, ibsC, ibsD and ibsE 

GF_6 yagB, yafW, cbeA and yfjZ 

GF_109  yfjQ and yafZ 

GF_140  nohA and nohD 

GF_184  tfaD, tfaR and tfaQ 

GF_911 ldrA, ldrB, ldrC and ldrD 

GF_1072 
 insH21, insH1, insH2, insH3, insH4, insH5, insH6, insH7, 

insH8, insH9, insH10 and insH11 

GF_2454 insB1, insB2, insB3, insB4, insB5, insB6 and  insB9 

GF_8211  yiaV and yibH 

GF_8507  ydiR and fixB 



GF_10234  insA1, insA2, insA3, insA4, insA5, insA6, insA7 and insA9 

GF_10286  yabR and azuC 

 

 

 

 

  



Supplementary Table S7 

The functional code description of the COG reference database. None of the genes in E. coli 

K-12 MG1655 is annotated with functional code B, Y and Z; therefore excluded (strikethrough). 

Functional Code Functional Description 

A RNA processing and modification 

B Chromatin structure and dynamics 

C Energy production and conversion 

D Cell cycle control, cell division, chromosome partitioning 

E Amino acid transport and metabolism 

F Nucleotide transport and metabolism 

G Carbohydrate transport and metabolism 

H Coenzyme transport and metabolism 

I Lipid transport and metabolism 

J Translation, ribosomal structure, and biogenesis 

K Transcription 

L Replication, recombination, and repair 

M Cell wall/membrane/envelope biogenesis 

N Cell motility 

O Posttranslational modification, protein turnover, chaperones 

P Inorganic ion transport and metabolism 

Q Secondary metabolites biosynthesis, transport, and catabolism 

R General function prediction only 

S Function unknown 

T Signal transduction mechanisms 

U Intracellular trafficking, secretion, and vesicular transport 

V Defense mechanisms 

W Extracellular structures 

X Mobilome: prophages, transposons 

Y Nuclear structure 

Z Cytoskeleton 

 

 


