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Legends of Supplementary Information 

Text S1: The PAI gene content specific to each strain is outlined in this section. 

Figure S1: Rooted Maximum likelihood tree based on Jukes-Cantor model for family 

Promicromonosporacae using 400 bacterial marker genes with Cellulosmonas flavigena 

DSM 20109 as outgroup. The percentage (>70%) of replicate trees in which the 

associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to 

the branches. All the trees are drawn to scale, with branch lengths measured in the 

number of amino acid substitutions per site. 

Figure S2: Heatmap with column dendrogram using hierarchical clustering based on 

HGT gene content using Euclidean distance matrix. 

Figure S3: (a) The pairwise Wilcoxon ranked sum (V) and P-values across 

Cellulosimicrobium genomes (n = 3) with respect to Codon bias (Fopt) distribution using 

the Wilcoxon-Mann-Whitney test. (b) Schematic representation of phage-like region 

determined from the genome of strain MM. 

Figure S4: The schematic representation of ORFs annotated on five PAIs across genome 

of Cellulosimicrobium cellulans LMG16121. The direction of the ORFs shows the gene 

orientation. Nomenclature followed for each PAI belonging to strain LMG16121 is 

written as (a) LMG_CPAI1, (b) LMG_CPAI2, (c) LMG_CPAI3, (d) LMG_CPAI4, and 

(e) LMG_CPAI5 where “LMG” stands for the strain and “C” stands for the genus 

Cellulosimicrobium. Gray and red colored blocks represent non-virulent and virulent 

ORFs respectively. Slightly shaded colored blocks represent hypothetical proteins. 



Figure S5: The schematic representation of ORFs annotated on 3 PAIs across genome of 

Cellulosimicrobium cellulans J36. The direction of the ORFs shows the gene orientation. 

A standard nomenclature was followed for each PAI belonging to strain J36 as (a) 

J36_CPAI1, (b) J36_CPAI2, and (c) J36_CPAI3 where “J36” stands for the strain and 

“C” stands for the genus Cellulosimicrobium. Grey and red colored blocks represent non-

virulent and virulent ORFs respectively. Slightly shaded colored blocks represent 

hypothetical proteins. 

Figure S6: Distribution of COG classes (in percentage) across the pathogenic gene 

complements of the three genomes i.e. Cellulosimicrobium sp. strain MM, 

Cellulosimicrobium cellulans LMG16121, and Cellulosimicrobium cellulans J36. 

Table S1 (Doc file): List of proteins annotated across PAIs from all Cellulosimicrobium 

ecotypes, established to be associated with human infections. 

Table S2 (Doc file): Pairwise ANI values between 8 genomes of family 

Promicromonosporacae. 

Table S3 (Doc file): DNA-DNA hybridization (DDH) values calculated by GGDC for 

pairwise combinations of Cellulosimicrobium sp. strain MM and other 7 genomes. 

Table S4 (Excel File): Annotations of 598 out of 792 common orthologues between 

Cellulosimicrobium sp. strain MM, C. cellulans LMG16121, C. cellulans J36. 

Table S5 (Excel File): Relative abundance of HGT events across Cellulosimicrobium sp. 

strain MM, C. cellulans LMG16121, C. cellulans J36.  

Table S6 (Excel File): Annotation of 12 MGIs using Cellulosimicrobium sp. strain MM 

as reference genome. 



Table S7 (Excel File): Annotation of pathogenic proteins predicted for 

Cellulosimicrobium sp. strain MM, C. cellulans LMG16121, and C. cellulans J36. 

Table S8 (Excel File): List of common pathogenic proteins across three genomes i.e. 

Cellulosimicrobium sp. strain MM, C. cellulans LMG16121, C. cellulans J36. 

 

Supplementary Information 

Text S1 

The PAI gene content specific to each strain: 

(a) PAIs of Cellulosimicrobium sp. strain MM 

The first PAI (locus; MM_CPAI1) (Figure 2A, 2B, Table 1) was characterized by the 

presence of genes for hypothetical proteins, integrase, transposase (TniQ), inositol-3-

phosphate synthase and multidrug efflux transporter protein. Inositol is required for 

synthesis of phospholipid in both prokaryotes and eukaryotes 
46

 especially by pathogens 

with a desperate need to be able to proliferate inside hosts. Human pathogens are known 

to acquire inositol either via synthesis or import from host fluids (such as blood). Despite 

the abundance of inositol in host environments, certain pathogenic bacteria such as 

Mycobacteria (Actinobacteria) synthesisize inositol via enzymes inositol-3-phosphate 

synthase 
46

.  

The second locus (MM_CPAI2, Figure 2A, 2B, Table 1) was characterized by Clp 

proteolytic subunits consisting of an enzyme system responsible for proteolysis of 

misfolded/damaged proteins. These proteins are well-established markers of M. 

tuberculosis pathogenesis 
47

. Besides the presence of gene encoding site recombinase 



such as XerC, genes encoding for anti-toxin VbhA and Fic (filamentation induced by 

cyclic AMP) proteins were also annotated across the second locus (MM_CPAI2) (Figure 

2B). Fic proteins are effector proteins which work in a complex with VbhT (toxin) and 

VbhA (anti-toxin) system, utilized by pathogenic bacteria to interfere with cell signaling 

of the host cell collapsing the actin cytoskeleton, hence cell death 
3
. This PAI hence 

implicitly demonstrated the „selfish operon‟ theory marked by the presence of 

juxtaposing Fic and VbhA proteins, speculating that conjugative systems are transferred 

together on the pathogenicity or genomic islands loci. One of the ORFs was predicted to 

be TrwC Relaxases which work with the cognate conjugative system Type IV secretion 

system (T4SS) and are bona fide virulence factors 
2
 (Figure 2B). In addition to the above 

mentioned virulence factors, ORF for bacteriocin-like protein was also annotated which 

represents a class of proteins possessing bactericidal activity modulating both inter-strain 

and inter-species inhibition 
48

.  

Microbial antibiotic resistance is not a pathogenicity factor; however, it helps in 

enhancing the virulence/fitness across environments with increased chemical stress 
49

. 

The third PAI locus (MM_CPAI3) consisted of genes for fluoroquinolone resistance, 

which is already known to be a marker trait of extra-intestinal pathogenic bacteria such as 

Escherichia coli 
5
 (Figure 2B, Table 1). Discounting four hypothetical proteins, gene 

encoding for sulfatase modifying factor was also found on this locus, which has been 

reported to be responsible for increased fitness of pathogenic bacteria such as 

Streptococcus pneumonia using mutational analysis 
6
. Interestingly, one of the ORFs was 

annotated (Figure 2B, Table 1) as DEAD-box helicase, which has been documented 

earlier on one of the O islands in formidable pathogen E. coli O157:H7. Using deletion 



mutant assay, DEAD-box helicase was reported to impede the function of fliC gene 

responsible for flagellar driven motility 
50

. 

Strikingly, ORFs on the fourth locus (MM_CPAI4, Figure 2B, Table 1) encoded for 

virulence determinants such as pemK, comEC, phage related genes and resolvase. pemK 

genes form a part of toxin-antitoxin (TA) system which has been implicated in 

modulation of virulence in pathogenic bacterial strains such as Mycobacterium 

tuberculosis, Staphylococcus aureus, Yersinia pestis, Helicobacter pylori, Streptococcus 

mutans and Clostridium difficile, however the exact mechanism still needs experimental 

verification 
51

. ComEC (competence) genes are primarily responsible for sizeable foreign 

DNA uptake and are favorably present in pathogenic bacteria in contrast to non-

pathogenic bacteria to boost the competence 
52

.  Moreover, the presence (Figure 2B) of 

phage remnants implicates the virulence via phage-encoded pathogenicity factors 
53

. 

Gene centric annotation of strain MM revealed a continuous 17.3 Kb long phage like 

region (ORFs = 18) with best match to phages like Macaci herpesvirus and Pandor dulcis 

(Figure S1B). 

Annotation of the fifth locus (MM_CPAI5) elucidated ORFs for ribosomal subunits, 

elongation factor TU and secY (Figure 2B). secY specifically forms translocation channel 

for the transportation of pre-proteins across the bacterial membrane. Translation initiation 

factor-1 (Translation IF1) and elongation factor TU were also annotated on this island, 

which can be challenged owing to skewed G+C content and codon usage of HEGs. 

However, Fernández-Gómez et al., showed that islands besides harboring foreign genes 

could also acquire basic transcription and regulation factors for modulating bacterial 

survival under varied environmental conditions 
54

. The fact that MM_CPAI5 is a true 



island (Figure 2B) is evidenced by the existence of same gene cassette on plasmid found 

in Shewanella baltica OS155 (pSbal03) which was exclusively absent on the 

chromosome of the same 
54.

 This imperative architecture of this locus implicates the need 

for ribosomal proteins for enhanced synthesis of essential proteins. 

(b) PAIs of Cellulosimicrobium cellulans LMG 16121 

The very first locus (LMG_PAI1) (Figure S3A) was completely dedicated to genes 

involved in cell wall biogenesis along with one integrase and transposase unit. These 

genes included UDP-glucose/GDP-mannose dehydrogenase, UDP-glucose 

pyrophosphorylase, dTDP-4-dehydrorhamnose reductase, dTDP-4-dehydrorhamnose 3,5-

epimerase, capsular polysaccharide biosynthesis protein, glycosyltransferases and UDP-

N-acetyl-D-mannosaminuronate dehydrogenase (Figure S3A). UDP-glucose associated 

enzymes along with glycosyltransferases forms a part of an operon responsible in host-

cell recognition. Proteomic studies revealed that UDP-glucose pyrophosphorylase 

mutants showed reduced virulence in Aeromonas hydrophila implicating a direct link 

between these genes and pathogenicity 
55

. These genes have also been illustrated to be 

involved in developing evasive strategies against killing mechanisms of the host by 

altering the cell surface 
56

. 

Hypothetical proteins (n = 8) were annotated on the second locus (LMG_CPAI2) (Figure 

S3B) along with Type II secretion system, which is involved in enhancing both 

pathogenicity and environmental fitness. Two ORFs for transposases were also revealed 

along with putative membrane protein.  Another very short PAI (LMG_CPAI3) (5 kbp) 



was characterized by hypothetical proteins along with transcriptional activators (XRE 

family) and cell division protein (FtsK) (Figure S3C). 

The mobility of PAIs can be phage-induced using helper proteins such as capsid proteins 

which help in packaging of the PAIs into transducing materials, which were discovered 

on LMG_CPAI4 (Figure S3D) 
57

. Other phage-associated proteins identified included 

genes encoding phage-integrases (XerC and XerD family). Interestingly, genes encoding 

laminarinase and β-glucosidase-related glycosidases were also found on this locus, which 

are well known to be responsible for cellulolytic activity in bacteria. This can be directly 

linked to genus Cellulosimicrobium in which cellulose hydrolysis is one of the most 

notable characteristics 
58

. Occurrence of these genes on flexible genome is of special 

interest as this implicates at lateral acquisition of cellulolytic trait by this taxon (Figure 

S3D). Two ORFs encoding F420-dependent oxidoreductase were also discovered on this 

locus which is already established to play a pivotal role in self-defense of pathogenic 

bacteria (specifically Actinobacteria) against oxidative stress 
59

. This locus was also 

characterized by the presence of highest number of hypothetical proteins (n=13) (Figure 

S3D). 

Fifth PAI (LMG_CPAI5) was marked by the presence of genes encoding arsenic 

resistance operon repressor and ClpX subunit (Figure S3E). D-alanyl-D-alanine 

carboxypeptidase was also revealed on this PAI, which is involved in cell wall biogenesis 

which is indicative of host-cell recognition 
60

. Genes involved in repair mechanisms such 

as ligD were also found, this is reported to enhance the over-all fitness of the bacterial 

community. This locus also included lsr2, which is a histone-like bridging protein and is 

a well-known housekeeping gene, hence its occurrence on PAI implies at its relocation 



(copy) from core-genome to the flexible gene pool as a fitness-enhancing determinant 
60

 

(Figure S3E). Transcriptional regulators are often encoded on PAIs for regulation of 

virulent genes, hence modulating the pathogenicity 
19

. This locus was characterized by 

different classes of TFs such as mycofactocin system transcriptional regulator, Cro-CI 

transcriptional regulators, and cdaR family transcriptional regulators. Cro-CI belong to a 

family of bacteriophage transcriptional regulators which are required for successful 

transcription of phage-related genes on the islands via regulatory networks such as phage 

capsid protein encoded on this specific locus 
62

. cdaR is a common carbohydrate diacid 

regulon transcriptional regulator which was noted to be down-regulated as a result of 

compromised pathogenicity of Salmonella enterica serovar Typhimurium 
20

. Gene 

encoding for beta-Keto acyl carrier protein reductase (BKR) was also detected on this 

locus, which is a key enzyme in rhamnolipid biosynthesis (Figure S3E) 
22

. Rhamnolipids 

is a class of extracellular surfactants and recognized virulence factors, which are 

responsible for dissemination of surface signaling, biofilm formation and motility. 

Rhamnolipids are notorious virulence factors recovered from sputa of cystic fibrosis 

patients inflicted by Pseudomonas aeruginosa. ORF encoding for 17-β hydroxysteroid 

dehydrogenase-like protein was also predicted on this locus (Figure S3E), which forms a 

part of steroid based signaling network modulating (+/-) the signals between host and 

pathogen 
63

. 

(c) PAIs of Cellulosimicrobium cellulans J36 

The first annotated PAI locus (J36_CPAI1) in strain C. cellulans J36 revealed a relatively 

greater number of integrases and transposases accompanied with hypothetical proteins 

(Figure S4A). Additionally, hemin ABC transporter protein was also revealed on this 



locus, implicating presence of an evolved iron-uptake system, which is required to 

regulate numerous virulence factors 
64

. Copper binding protein along with copper export 

protein was also revealed again indicating presence of metallo-regulatory systems to 

enhance bacterial fitness. Anti-anti sigma factor was also annotated on this specific locus, 

which is involved in regulating virulent genes 
65

. Antibiotic resistance genes were also 

revealed, including bleomycin resistance, doxorubicin resistance, and methyl viologen 

resistance protein. Phage-shock protein (psp) operon transcriptional activator was also 

annotated on this locus, which is established to maintain proton motive force (PMF) 

required for cellular motility by modulating flagellar movement 
66

. 

The second locus (J36_CPAI2) (Figure S4B) was characterized by two ORFs encoding 

membrane proteins accompanied with three ORFs each for integrase and transposase. 

Hypothetical proteins were most abundant (n = 15) on this locus. Two ORFs for 

resolvase belonging to serine recombinase family were also annotated, which indicate at 

active HGT events via site-specific recombination (Figure S4B) 
67

. The presence of a 

conjugal transfer protein (TrbC family) along with genes encoding for resolvase, 

integrase and transposase suggested that this island harbors a putative integrative 

conjugative element. In addition, this locus encoded regulators for arsenic resistance 

operon (n = 4) and flagellar biosynthesis (n = 1). Interestingly, mobilization proteins were 

also annotated which along with conjugal proteins are well-established contributors of 

evolution of bacterial pathogens via HGT of PAIs 
68

. 

Dihydrofolate reductase and tetracyclin transcriptional regulator were annotated on third 

locus (J36_CPAI3) along with one ORF encoding transposase (Figure S4C). DEAD-box 



helicase was also revealed which is established effector fliC gene responsible for flagellar 

driven motility using a deletion mutant assay 
50

. 

Supplementary Figures 

 

Figure S1: Rooted Maximum likelihood tree based on Jukes-Cantor model for family 

Promicromonosporacae using 400 bacterial marker genes with Cellulosmonas flavigena 

DSM 20109 as outgroup. The percentage of replicate trees in which the associated taxa 

clustered together in the bootstrap test (1000 replicates) are shown next to the branches. 

All the trees are drawn to scale, with branch lengths measured in the number of amino 

acid substitutions per site. 



 

Figure S2: Heatmap with column dendrogram using hierarchical clustering 

based on HGT gene content using Euclidean distance matrix. 



 

Figure S3: (a) The pairwise Wilcoxon ranked sum (V) and P-values across 

Cellulosimicrobium genomes (n = 3) with respect to Codon bias (Fopt) distribution using 

the Wilcoxon-Mann-Whitney test. (b) Schematic representation of phage-like region 

determined from the genome of strain MM. 

 

 

 



 

 

Figure S4: The schematic representation of ORFs annotated on five PAIs across genome 

of Cellulosimicrobium cellulans LMG16121. The direction of the ORFs shows the gene 

orientation. Nomenclature followed for each PAI belonging to strain LMG 16121 is 



written as (a) LMG_CPAI1, (b) LMG_CPAI2, (c) LMG_CPAI3, (d) LMG_CPAI4, and 

(e) LMG_CPAI5 where “LMG” stands for the strain and “C” stands for the genus 

Cellulosimicrobium. Gray and red colored blocks represent non-virulent and virulent 

ORFs respectively. Slightly shaded colored blocks represent hypothetical proteins. 

 

 

 

Figure S5: The schematic representation of ORFs annotated on 3 PAIs across genome of 

Cellulosimicrobium cellulans J36. The direction of the ORFs shows the gene orientation. 

A standard nomenclature was followed for each PAI belonging to strain J36 as (a) 

J36_CPAI1, (b) J36_CPAI2, and (c) J36_CPAI3 where “J36” stands for the strain and 

“C” stands for the genus Cellulosimicrobium. Grey and red colored blocks represent non-

virulent and virulent ORFs respectively. Slightly shaded colored blocks represent 

hypothetical proteins. 

 



 

Figure S6: Distribution of COG classes (in percentage) across the pathogenic gene 

complements of the three genomes i.e. Cellulosimicrobium sp. strain MM, 

Cellulosimicrobium cellulans LMG 16121, and Cellulosimicrobium cellulans J36. 

 

Supplementary Tables 

Table S1: List of proteins annotated across PAIs from all Cellulosimicrobium ecotypes, 

established to be associated with human infections. 

Cellulosimicrobium sp. strain MM 

PAI2 

S.No ORFs Annotated on PAIs (BlastP) Associated Human Pathogen Reference 

1. ClpP protease Staphylococcus aureus Michel et al., 2006 
1
  

2. TrwC relaxase Bartonella henselae Alperi et al., 2013 
2
 

3. VbhA anti-toxin Bartonella henselae Engel et al., 2012 
3
 



4. XerC recombinase Ureaplasma parvum Zimmerman et al., 

2013 
4
 

PAI3 

5. Fluoroquinone resistance Extraintestinal pathogenic E. coli Guo et al., 2013 
5
 

6. Sulfatase modifying factor Streptococcus pneumoniae McAllister et al., 

2012 
6
 

PAI4 

7. PemK Clostridium botulinum Carter et al., 2014 
7
 

8. ComEC Acinetobacter baumannii Wilharm et al., 2013 
8
 

9. Phage portal protein Staphylococcus epidermidis Luan et al., 2012 
9
 

PAI5 

10. SecY Listeria monocytogenes Durack et al., 2015 
10

 

Cellulosimicrobium cellulans LMG16121 

PAI1 

11. UDP-glucose/GDP-mannose 

dehydrogenase 

Group A Streptococcus Cole et al., 2012 
11

 

12. UDP-glucose pyrophosphorylase 

[Cell envelope biogenesis] 

Group A Streptococcus Cole et al., 2012 
11

 

13. dTDP-4-dehydrorhamnose reductase 

[Cell envelope biogenesis] 

Group A Streptococcus Cole et al., 2012 
11

 

14. dTDP-4-dehydrorhamnose 3,5-

epimerase 

Group A Streptococcus Cole et al., 2012 
11

 

15. Xenobiotic acyltransferase (XAT) Yersinia enterocolitica Garzetti et al., 2012 
12

 

PAI2 

16. Type II secretion system (T2SS) uropathogenic E. coli Kulkarni et al., 2009 
13

 

17. Excinuclease ABC subunit C Leptospira interrogans Rakesh et al., 2009 
14

 



PAI3 

18. FtsK like protein Mycobacterium tuberculosis Hett & Rubin, 2008 
15

 

PAI4 

19. Phage minor capsid protein 2 Staphylococcus aureus Tallent et al., 2007 
16

 

20. Lsr2 Mycobacterium tuberculosis Bartek et al., 2014 
17

 

21. Phage integrases Streptococcus agalactiae serotype 

V 

Tettelin et al., 2002 
18

 

22. Cro/C1-like phage transcriptional 

regulator 

Staphylococcus aureus Ibarra et al., 2013 
19

 

23. Putative CdaR family transcriptional 

regulator 

Salmonella enterica Lamichhane-Khadka 

et al., 2011 
20

 

24. F420-dependent oxidoreductase Mycobacterium tuberculosis Gurumurthy et al., 

2013 
21

 

25. Beta-Keto acyl carrier protein 

reductase (BKR) 

Pseudomonas aeruginosa Miller et al., 2006 
22

 

26. Putative lysophospholipase Pseudomonas aeruginosa Kovačić et al., 2013 
23

 

PAI5 

27. ATP-dependent protease ATP-

binding subunit ClpX 

Staphylococcus aureus McGillivray et al., 

2012 
24

 

Cellulosimicrobium cellulans J36 

PAI1 

28. Hemin ABC transporter permease Corynebacterium diphtheria Bibb & Schmitt, 

2010 
25

 

29. Copper resistance operon Listeria monocytogenes Corbett et al., 2011 
26

 

30. Ferric reductase like transmembrane 

component 

Bordettella spp. Miethke and 

Marahiel, 2007 
27

 



31. Daunorubicin/doxorubicin resistance 

genes 

Pediococcus pentosaceus and 

human cancer cell lines 

Abuhammad and 

Zihlif, 2013 
28

 

32. Phage shock protein operon Yersinia enterocolitica Maxson and 

Darwin, 2006 
29

 

33. Methyl viologen resistance Salmonella typhimurium Hongo et al., 1994 
30

 

34. Bleomycin resistance Staphylococcus aureus Gennimata et al., 

1996 
31

 

35. Arabinose operon control like 

protein 

Yersinia pestis Zhou et al., 2004 
32

 

PAI2 

36. Serine/threonine protein kinase Streptococcus spp., 

Mycobacterium, pseudomonas 

aeruginosa 

Pereira et al., 2011 
33

 

37. Resolvase Salmonella enterica Merighi et al., 2005 
34

 

38. Arsenical Resistance Operon 

Repressor 

Campylobacter jejuni Wang et al., 2009 
35

 

39. Fe2+/Zn2+ uptake regulation 

proteins 

Escherichia coli, Shigella spp., 

Salmonella enterica, Klebsiella 

pneumoniae 

Porcheron et al., 

2013 
36

 

40. Relaxases/mobilisation proteins Legionella pneumophila, Brucella 

suis, Helicobacter pylori 
Alperi et al., 2013 

2
 

41. Conjugal transfer protein, 

TrbC/VIRB2 family 

Bordettella pertussis, Helicobacter 

pylori 

Yeo and Waksman, 

2004 
37

 

42. MerR family transcription regulator Streptococcus pneumoniae Potter et al., 2010 
38

 

43. Antiactivator of flagellar 

biosynthesis FleN 

Pseudomonas aeruginos,  

Legionella pneumophila 

Jain and 

Kazmierczak, 2014 
39

 

44. ParB stage 0 sporulation protein J Mycobacterium leprae Fsihi et al., 1996 
40

 

45. Cell filamentation protein Fic Mycobacterium tuberculosis Schmid et al., 2006 
41

 

PAI3 



46. Sporulation integral membrane 

protein 

Clostridium difficile Underwood et al., 

2009 
42

 

47. Dihydrofolate reductase Mycobacterium tuberculosis Argyrou et al., 2006 
43

 

48. Tetracyclin transcriptional regulator Mycobacterium tuberculosis Anand et al., 2012 
44

 

49. Quinone reductase Helicobacter pylori, Vibrio cholera Kaakoush et al., 

2007 
45

 

 

 

 

 

 

 

 



Table S2: Pairwise ANI values between 8 genomes of family Promicromonosporacae. 

Genomes  Cellulosimicr

obium sp. 

MM 

Cellulosimicr

obium 

cellulans 

LMG1621  

Cellulosimicr

obium 

cellulans J36 

Cellulosimicr

obium funkei 

U11 

Isopteri

cola 

variabili

s 225 

Promicromono

spora 

kroppenstedtii 

DSM19349 

Promicromono

spora 

sukumoe 

327MFSha31 

Xylanimo

nas 

cellulosil

ytica 

DSM 

15894 

Cellulosimicrobi

um sp. MM 

100 98.23 88.24 85.29 81.17 80.28 79.71 79.88 

Cellulosimicrobi

um cellulans 

LMG 1621  

98.23 100 88.26 88.87 81.18 80.13 79.81 79.75 

Cellulosimicrobi

um cellulans J36 

88.24 88.26 100 88.87 81.22 80.35 79.93 79.72 

Cellulosimicrobi

um funkei U11 

85.29 88.87 88.87 100 80.98 80.23 79.85 79.59 

Isoptericola 

variabilis 225 

81.17 81.18 81.22 80.98 100 81.07 80.55 80.35 

Promicromonos

pora 

kroppenstedtii 

DSM19349 

80.28 80.13 80.35 80.23 81.07 100 94.52 80.01 

Promicromonos

pora sukumoe 

327MFSha31 

79.71 79.81 79.93 79.85 80.55 94.52 100 79.67 

Xylanimonas 

cellulosilytica 

DSM 15894 

79.88 79.75 79.72 79.59 80.35 80.01 79.67 100 

 



Table S3: Percent DNA-DNA hybridization (DDH) values calculated by Genome-

Genome-Distance Calculator (GGDC) for pairwise combinations of Cellulosimicrobium 

sp. strain MM and other 7 genomes.  
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