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Supporting information 
 

Figure S1. A) G. muris cells propagate as trophozoites in the mice small intestine. The 

cell trophozoites undergo encystation into cysts and are shed in the feces. The cysts are 

prompted to excyst as they encounter the conditions of the digestive tract. The excyzoites 

transition into the vegetative trophozoites. Cell material for genomic DNA was harvested 

from G. muris cysts from infected mice. B) Sub-telomeric regions in G. muris. Sequence 

motifs in the 10 unitigs terminating in (TAGGG)n telomeric sequences (purple). 

Ribosomal DNA sequences (black). Satellite-like repeated sequences (green).  

 

Figure S2. Chromosome-scale synteny between G. muris and G. intestinalis WB. G. 

muris chromosomes are color coded. The links between the two genomes representing 

sequence similarity identified by MUMmer promer[96], are colored after the G. muris 

chromosomal color. Circular plot was drawn with circlize[94].  

 

Figure S3. Sequence logo around start codon (A) and stop codon (B) in G. muris. C) 

G. muris gene expression from in vivo trophozoites. Genes showing top-ranked FPKM 

ratios (log2 (Trophs/Cysts)) between in vivo derived trophozoites and cysts (cut-off value 

≥4). The value is indicated in the teal circle. An orange dot indicates that the ortholog of 

this gene is upregulated (>2 fold) in G. intestinalis at 7 hrs, 12 hrs or 22 hrs into 

encystation [40].  

 

Figure S4. Trans- and cis-introns in G. muris. A) Aligned trans- and cis-splice junctions in 

G. muris. B) Splice-site associated motifs in trans-spliced exons. Base-pairing stems are 

underlined. Bases in red denote the predicted cleavage motif. C) Consensus alignment of the 

cleavage motifs in G. muris. D-E) Predicted secondary structures of D) cis-spliced and E) 

trans-spliced genes. The secondary structure was predicted using the mfold webserver using 

default settings and manually curated. GU-rich stretches and cleavage motifs are boxed.  

 

Figure S5. A) Conservation of the VSP C-terminal in G. muris and G. intestinalis. 

Sequence logos of conserved motifs in the C-terminal of VSPs in G. muris (n=25) (upper 

panel) and G. intestinalis WB (n=183) (lower panel) were generated using MEME v5.0.5. 

Transmembrane and cytosolic pentapeptides were predicted by the Phobius webserver. 

B) VSP and ψVSP evolutionary dynamics. The ψVSP arrays (defined as >3 ψVSP 

genes arrayed) in the G. muris genome arranged by chromosome, termini arranged to the 

right. Arrays of ψVSPs without chromosomal context are shown below as orphan arrays. 

C) VSP cluster mostly together in a phylogeny whereas most ψVSP gene arrays show 

relaxed clustering. Intact VSP genes are colored red, while ψVSP genes are colored 

according to their resident ψVSP array in panel A. Genes with black label are not found 

in arrays. D) Expression measurements of VSP and ψVSP in G. muris. VSP and ψVSP 

RNA-seq read counts (FPKM) from trophozoites, cysts and excyzoites. Size of the circle 

corresponds to expression level. 
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Figure S6. A) Phylogenetic tree of G. muris and G. intestinalis NEKs. B) Phylogenetic tree 

of G. muris and G. intestinalis ARPs. C) Network analysis of G. muris and G. intestinalis 

NEKs and ARPs. G. muris genes are represented in circle whereas G. intestinalis genes are 

shown in triangle. Blue indicates NEK and pink as ARP. Edges are weighted and scaled by 

reciprocal BLAST scores with evalue 1e-05 as the cutoff.  

 

Figure S7. Phylogenetic tree of C1 family cysteine proteases in diplomonads. Black: G. 

muris, Red: S. salmonicida, Cyan: G. intestinalis GS/M, Green: G. intestinalis P15, Purple: G. 

intestinalis WB.  

 

Figure S8. Phylogenetic analyses of HGT genes. A) Fructokinase. B) Mannose-6-

phosphate isomerase. C) Transcriptional regulator/sugar kinase. D) Arginase. E) 2,5-

diketo-D-gluconic acid reductase 1.  F) 2,5-diketo-D-gluconic acid reductase 2. G) 

Carboxymuconolactone decarboxylase. H) Ketosteroid isomerase. I) Tryptophanase. J) 

Tae4. K) Quorum-quenching N-acyl-homoserine lactonase.  

 

Table S1. A) One-to-one ortholog list between G. muris and G. intestinalis WB. 

Orthologs inferred by OrthoMCL. B) RNA-Seq expression values in excel file. Sorted 

according to FPKM values. C) VSP and ψVSP gene metadata. ‘-’ in the pentapeptide 

motif represents lack of the 3’ end sequence. D) List of ventral disc proteins in G. muris. 

E) Proteases detected in G. muris and G. intestinalis. F) Detailed information about hits 

of unique genes in G. muris. 

 

Methods S1. Additional methods section 
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Trans-spliced introns

GMRT_12388 GTgtatgtgtg.../ /...ggactaacacgcagCT
GMRT_11576 AGgtatgtccg.../ /...tgactaacacgcagCA
GMRT_10332 GGgtatgtggt.../ /...ttactaacacgcagCT
GMRT_11888 TGatatgttgt.../ /...tcactaacacgcagAC
GMRT_22684 TGgtatggccc.../ /...ttactaacacgcagTC

.****.. ************

Cis-spliced introns

GMRT_fx013 GCgtatgtatc tc catctaacacgtagAA
GMRT_15227 GGgtatgtgcc (124nt) tcactaacgcgcagAT
GMRT_11066 CCgtatgttca tatcg tctctaacacgcagCT

******. .*****.**.**

GMRT_12388-1 gtatgtgtgtgcgtcagccgctgtgtgttgtgtgtttcctttactcaatgacggtctc

GMRT_12388-1d gtatgtgtgtgcgtcagccgctgtgtgttgtgtgtttcctttacttaaatggttc

GMRT_12388-2 aaaaatcagcggctgacgcgcaggaccatctggactaacacgcag

GMRT_11576-1 gtatgtccgctgtgtgcgagcatgtgtgttgtgtgtctcctttactcaacttccgcgg
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GMRT_11888-2 aaaacggggtgaacgtgcagtcctcactaacacgcag

GMRT_22684-1 gtatggcccctcctccttcactcaagccttct

GMRT_22684-2 aaaggagggaccaatcttactaacacgcag

Cleavage motif

tcctttactcaa
tcctttacttaa
tcctttactcaa
tccttcacttaa
tccttttctcaa
tccttcactcaa
*****..**.**
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GMRT_30039
GMRT_30038
GMRT_15701
GMRT_30001
GMRT_30015
GMRT_30032
GMRT_30037
GMRT_30031
GMRT_20201
GMRT_30017
GMRT_30002
GMRT_30011
GMRT_30028
GMRT_30035
GMRT_21596
GMRT_30027
GMRT_21599
GMRT_30020
GMRT_30021
GMRT_30022
GMRT_30012
GMRT_30006
GMRT_21605
GMRT_21606
GMRT_30007
GMRT_12159

GMRT_30008
GMRT_30023
GMRT_21611
GMRT_30013
GMRT_30009
GMRT_30024
GMRT_30014
GMRT_30025
GMRT_21617
GMRT_30026
GMRT_21619
GMRT_30077
GMRT_30076
GMRT_21630
GMRT_30069
GMRT_30075
GMRT_21632
GMRT_21633
GMRT_30064
GMRT_21634
GMRT_30074
GMRT_30073
GMRT_30063
GMRT_30068
GMRT_30072
GMRT_30062

GMRT_30040
GMRT_30050
GMRT_30051
GMRT_30061
GMRT_30042
GMRT_30044
GMRT_22753
GMRT_30070
GMRT_30065
GMRT_30059
GMRT_30049
GMRT_22934
GMRT_30052
GMRT_22935
GMRT_30053
GMRT_30054
GMRT_30057
GMRT_30058
GMRT_30055
GMRT_30095
GMRT_30100
GMRT_30099
GMRT_30098
GMRT_30097
GMRT_30078
GMRT_30094

GMRT_30079
GMRT_23325
GMRT_23558
GMRT_23582
GMRT_14329
GMRT_23642
GMRT_30090
GMRT_30091
GMRT_30083
GMRT_23646
GMRT_23647
GMRT_30092
GMRT_30084
GMRT_30085
GMRT_30086
GMRT_30087
GMRT_30088
GMRT_30093
GMRT_23658
GMRT_30118
GMRT_30129
GMRT_30117
GMRT_30116
GMRT_23664
GMRT_23665
GMRT_30128

GMRT_30115
GMRT_30127
GMRT_30114
GMRT_30113
GMRT_30112
GMRT_30111
GMRT_30125
GMRT_30124
GMRT_23922
GMRT_23982
GMRT_30106
GMRT_24386
GMRT_30126
GMRT_30110
GMRT_30121
GMRT_24390
GMRT_30109
GMRT_30120
GMRT_24395
GMRT_30104
GMRT_24397
GMRT_24398
GMRT_30108
GMRT_24400
GMRT_24401
GMRT_24402

GMRT_30105
GMRT_24404
GMRT_24405
GMRT_24417
GMRT_30159
GMRT_24419
GMRT_30165
GMRT_30164
GMRT_24421
GMRT_30150
GMRT_30158
GMRT_30157
GMRT_30156
GMRT_30155
GMRT_24427
GMRT_30154
GMRT_30148
GMRT_30163
GMRT_30153
GMRT_30147
GMRT_30162
GMRT_30152
GMRT_30146
GMRT_30161
GMRT_30151
GMRT_30145

GMRT_30160
GMRT_30144
GMRT_30136
GMRT_30137
GMRT_24786
GMRT_24793
GMRT_24840
GMRT_24841
GMRT_24886
GMRT_24992
GMRT_30139
GMRT_30132
GMRT_30140
GMRT_30133
GMRT_24997
GMRT_24998
GMRT_30134
GMRT_25000
GMRT_30135
GMRT_25002
GMRT_25011
GMRT_30171
GMRT_25013
GMRT_30167
GMRT_0170
GMRT_30166

GMRT_25017
GMRT_30169
GMRT_30173
GMRT_30176
GMRT_30172
GMRT_30175
GMRT_30183
GMRT_30182
GMRT_30174
GMRT_30181
GMRT_30180
GMRT_30179
GMRT_30178
GMRT_30177
GMRT_25046
GMRT_30184
GMRT_25068
GMRT_30185
GMRT_25079
GMRT_30193
GMRT_30192
GMRT_30191
GMRT_30188
GMRT_30186
GMRT_30190
GMRT_30187

GMRT_30189
GMRT_25099
GMRT_30194
GMRT_30196
GMRT_30197
GMRT_25156
GMRT_30202
GMRT_30201
GMRT_30200
GMRT_30199
GMRT_30203
GMRT_30206
GMRT_30210
GMRT_30209
GMRT_30208
GMRT_30207
GMRT_25280
GMRT_30204
GMRT_30214
GMRT_30215
GMRT_0216
GMRT_30211
GMRT_30212
GMRT_25294
GMRT_30213
GMRT_30218

GMRT_30217
GMRT_25344
GMRT_30222
GMRT_25347
GMRT_30221
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GMRT_13202_ARP1

GMRT_15340_ARP1

GMRT_15291_ARP1

GL50803_11438_ARP1

GMRT_11054_ARP1

GL50803_10219_ARP1

GMRT_23242_ARP1

GMRT_15803_ARP1

GMRT_11584_ARP1

GMRT_11448_ARP1

GL50803_2779_ARP1

GL50803_d113284_ARP2

GL50803_30474_ARP1

GMRT_14516_ARP1

GMRT_15273_ARP1

GMRT_13332_ARP1

GMRT_12817_ARP1

GL50803_17051_ARP1

GMRT_25102_ARP1

GL50803_17421_ARP1

GMRT_23679_ARP1

GMRT_23776_ARP3

GMRT_12114_ARP1

GL50803_10632_ARP1

GMRT_14125_ARP1

GL50803_5171_ARP1

GL50803_60621_ARP1

GL50803_8928_ARP1

GL50803_5926_ARP1

GMRT_12623_ARP1

GL50803_11720_ARP1

GL50803_7414_ARP1

GMRT_10472_ARP1

GMRT_12816_ARP1

GMRT_12251_ARP1

GMRT_25008_ARP1

GMRT_23657_ARP1

GMRT_10487_ARP1

GMRT_12329_ARP1

GL50803_15340_ARP1

GMRT_11988_ARP1

GL50803_115478_ARP1

GL50803_21505_ARP1

GMRT_11301_ARP2

GL50803_15304_ARP1

GMRT_25037_ARP1

GMRT_25296_ARP3

GMRT_10967_ARP1

GMRT_12120_ARP1

GMRT_24885_ARP1

GMRT_10505_ARP1

GMRT_12570_ARP1

GMRT_16012_ARP2

GL50803_14569_ARP1

GL50803_40005_ARP1

GL50803_8803_ARP1

GL50803_7728_ARP1

GMRT_12043_ARP1

GL50803_17130_ARP1

GL50803_7268_ARP1

GMRT_16109_ARP1

GMRT_21920_ARP1

GMRT_11192_ARP1

GL50803_103094_ARP1

GMRT_10733_ARP1

GMRT_11932_ARP1

GL50803_40831_ARP3

GL50803_16326_ARP1

GL50803_14490_ARP1

GL50803_14485_ARP1

GMRT_10977_ARP1

GMRT_12066_ARP1

GMRT_11102_ARP1

GMRT_13528_ARP3

GMRT_10104_ARP2

GMRT_10023_ARP1

GL50803_32676_ARP1

GMRT_12255_ARP1

GMRT_15643_ARP2

GMRT_13226_ARP1

GL50803_6589_ARP2

GMRT_14157_ARP1

GMRT_13508_ARP2

GL50803_15306_ARP1

GL50803_102444_ARP1

GMRT_11093_ARP1

GL50803_14203_ARP2

GL50803_14838_ARP1

GMRT_12176_ARP1

GMRT_12809_ARP1

GL50803_16533_ARP1

GMRT_22942_ARP1

GMRT_14410_ARP1

GMRT_11623_ARP1

GL50803_61420_ARP1

GL50803_1713_ARP1

GMRT_13089_ARP2

GMRT_10286_ARP1

GMRT_12650_ARP1

GL50803_113284_ARP2

GL50803_15576_ARP1

GMRT_23239_ARP2

GMRT_12597_ARP1

GL50803_6490_ARP1

GMRT_13352_ARP1

GMRT_11755_ARP2

GL50803_13901_ARP2

GMRT_13108_ARP1

GL50803_15412_ARP2

GMRT_12823_ARP1

GL50803_3760_ARP1

GMRT_12252_ARP1

GMRT_16335_ARP1

GMRT_10746_ARP2

GMRT_25129_ARP1

GMRT_20193_ARP3

GL50803_8949_ARP1

GL50803_7710_ARP1

GL50803_112937_ARP1

GMRT_10861_ARP3

GMRT_11309_ARP1

GL50803_86855_ARP1

GMRT_14082_ARP2

GL50803_16534_ARP1

GL50803_10703_ARP2

GL50803_24194_ARP1

GL50803_60434_ARP1

GMRT_12188_ARP1

GL50803_115479_ARP1

GL50803_32911_ARP1

GL50803_102893_ARP1

GMRT_15372_ARP1

GMRT_12253_ARP2

GMRT_11724_ARP1

GL50803_6081_ARP1

GMRT_15381_ARP3

GL50803_61489_ARP2

GL50803_2351_ARP2

GMRT_15104_ARP2

GL50803_14101_ARP1

GL50803_40390_ARP1

GMRT_10666_ARP1

GL50803_24590_ARP1

GL50803_13360_ARP1

GMRT_14138_ARP1

GMRT_12598_ARP1

GL50803_7616_ARP1

GMRT_13419_ARP2

GL50803_4846_ARP1

GMRT_14563_ARP2

GL50803_16672_ARP1

GL50803_92134_ARP1

GL50803_13735_ARP1

GL50803_113622_ARP1

GMRT_16102_ARP1

GL50803_10855_ARP1

GMRT_14936_ARP1

GL50803_23492_ARP1

GMRT_23241_ARP1

GMRT_14396_ARP1

GL50803_15587_ARP1

GMRT_16223_ARP1

GMRT_14935_ARP1

GMRT_14044_ARP3

GL50803_95847_ARP1

GL50803_14679_ARP1

GMRT_20412_ARP2

GMRT_15782_ARP1

GMRT_10928_ARP2

GMRT_13150_ARP2

GL50803_6920_ARP1

GL50803_17046_ARP1

GMRT_15624_ARP1

GMRT_11264_ARP1

GL50803_15329_ARP1

GL50803_3290_ARP1

GMRT_15311_ARP2

GL50803_14807_ARP1

GMRT_13636_ARP1

GMRT_12458_ARP1

GL50803_16736_ARP1

GL50803_137684_ARP1

GMRT_13421_ARP2

GL50803_17608_ARP1

GMRT_24042_ARP1

GL50803_15972_ARP1

GL50803_88369_ARP1

GL50803_16532_ARP1

GMRT_12960_ARP2

GMRT_10224_ARP1

GMRT_13849_ARP2

GL50803_13590_ARP1

GMRT_13979_ARP1

GL50803_17562_ARP1

GMRT_11890_ARP1

GL50803_23314_ARP1

GMRT_12209_ARP2

GMRT_15578_ARP2

GMRT_16036_ARP1

GL50803_16407_ARP1

GL50803_103810_ARP1

GL50803_113603_ARP3

GL50803_135725_ARP1

GL50803_6284_ARP2

GL50803_92983_ARP2

GMRT_12513_ARP2

GMRT_11955_ARP1

GMRT_15804_ARP1

GMRT_13615_ARP1

GMRT_11406_ARP1

GL50803_40014_ARP1

GMRT_15841_ARP1

GMRT_14274_ARP1

GL50803_4843_ARP2

GL50803_6035_ARP1

GL50803_112008_ARP1

GL50803_17060_ARP1

GL50803_14238_ARP1

GL50803_117437_ARP1

GL50803_3762_ARP1

GL50803_17096_ARP1

GMRT_14915_ARP1

GMRT_10225_ARP1

GMRT_14937_ARP2

GMRT_16230_ARP3

GMRT_10291_ARP1

GMRT_13495_ARP1

GL50803_17585_ARP1

GL50803_11099_ARP1

GMRT_11420_ARP2

GL50803_14764_ARP1

GMRT_15358_ARP2

GL50803_16227_ARP2

GMRT_14194_ARP1

GMRT_12116_ARP1

GL50803_16471_ARP1

GMRT_10261_ARP1

GL50803_14745_ARP1

GMRT_10935_ARP1

GL50803_15184_ARP1

GL50803_8438_ARP2

GMRT_11841_ARP1

GMRT_16412_ARP2

GMRT_10280_ARP1

GMRT_10397_ARP1

GMRT_14344_ARP1

GMRT_10821_ARP3

GL50803_27836_ARP1

GMRT_23736_ARP3

GMRT_22962_ARP1

GL50803_112519_ARP1

GL50803_13393_ARP1

GL50803_12139_ARP3

GL50803_24842_ARP1

GMRT_13857_ARP1

GL50803_13152_ARP1

GMRT_25009_ARP1

GL50803_16915_ARP1

GMRT_13869_ARP2

GL50803_5879_ARP1

GL50803_114199_ARP1

GMRT_24076_ARP2

GL50803_8850_ARP1

GL50803_16541_ARP2

GL50803_9307_ARP1

GL50803_89845_ARP2

GMRT_16293_ARP1

GL50803_86821_ARP1

GL50803_115445_ARP1

GL50803_61419_ARP1

GMRT_10549_ARP1

GL50803_88245_ARP1

GL50803_17250_ARP1

GMRT_25119_ARP1

GMRT_11492_ARP1

GMRT_10721_ARP3

GMRT_12930_ARP1

GMRT_14223_ARP1

GMRT_12208_ARP1

GMRT_15305_ARP1

GL50803_101450_ARP1

GL50803_11499_ARP1

GMRT_13225_ARP1

GMRT_12111_ARP1

GL50803_33660_ARP1

GMRT_13765_ARP1

GL50803_7679_ARP1

GL50803_14834_ARP1

GMRT_25301_ARP1

GL50803_114442_ARP2

GMRT_11831_ARP1

GMRT_14847_ARP1

GMRT_15637_ARP1

GMRT_10265_ARP1

GL50803_17219_ARP1

GMRT_12762_ARP2

GL50803_10605_ARP2

GL50803_24807_ARP1

GMRT_15754_ARP2

GL50803_6650_ARP2

GL50803_16300_ARP1

GMRT_14242_ARP1

GMRT_13120_ARP2

GMRT_14383_ARP1

GL50803_17053_ARP1

GL50803_14158_ARP1

GL50803_14539_ARP1

GMRT_15154_ARP1

GL50803_14164_ARP1

GL50803_17604_ARP1

GL50803_6082_ARP3

GL50803_11714_ARP1

GL50803_115054_ARP2

GMRT_12612_ARP1

GMRT_11120_ARP2

GMRT_14975_ARP2

GMRT_14535_ARP1

GMRT_14185_ARP1

GMRT_13308_ARP2

GMRT_10364_ARP2

GMRT_21477_ARP2

GMRT_14159_ARP1

GMRT_14911_ARP1

GMRT_11765_ARP2

GMRT_11429_ARP1

GMRT_12254_ARP3

GMRT_12068_ARP1

GL50803_7154_ARP1

GMRT_23483_ARP3

GMRT_13972_ARP1

GL50803_8235_ARP1

GL50803_111987_ARP1

GL50803_27813_ARP1

GMRT_15081_ARP1

GMRT_20854_ARP1

GMRT_12985_ARP3

GMRT_24043_ARP3

GL50803_94662_ARP2

GMRT_12620_ARP2

GMRT_16220_ARP1

GL50803_14433_ARP1

GMRT_23150_ARP1

GMRT_13635_ARP1

GL50803_7021_ARP2

GL50803_17568_ARP1

GMRT_10219_ARP1

GMRT_24074_ARP3

GMRT_14921_ARP1

GMRT_15487_ARP1

GMRT_15547_ARP1

GMRT_20006_ARP1

GMRT_15793_ARP1

GMRT_10405_ARP3

GL50803_103807_ARP1

GL50803_33807_ARP2

GMRT_15805_ARP1

GMRT_12613_ARP1

GMRT_13484_ARP1

GMRT_10001_ARP2

GMRT_10037_ARP1

GMRT_15588_ARP1

GL50803_17379_ARP1

GMRT_14910_ARP1

GMRT_12639_ARP1

GMRT_12932_ARP2

GMRT_10939_ARP1

GL50803_4329_ARP2

GMRT_12596_ARP1

GMRT_13110_ARP1

GL50803_114247_ARP1

GMRT_11725_ARP1

GL50803_103783_ARP1

GMRT_15573_ARP2

GMRT_25174_ARP1

GMRT_10327_ARP1

GL50803_14681_ARP1

GL50803_40016_ARP1

GMRT_16353_ARP1

GL50803_61549_ARP1

GMRT_11265_ARP1

GL50803_101397_ARP1

GMRT_16182_ARP1

GMRT_14617_ARP3

GMRT_15741_ARP2

GL50803_17023_ARP1

GMRT_11714_ARP1

GL50803_41467_ARP2

GL50803_23235_ARP1

GMRT_14411_ARP1

GL50803_61724_ARP1

GMRT_11070_ARP1

GMRT_10538_ARP1

GMRT_14384_ARP1

GMRT_15774_ARP3

GMRT_23240_ARP1

GMRT_12573_ARP1

GMRT_25065_ARP3

GL50803_4767_ARP1

GMRT_12512_ARP1

GL50803_4368_ARP1

GL50803_16537_ARP1

GMRT_14365_ARP1

GMRT_12213_ARP2

GL50803_101168_ARP1

GL50803_102813_ARP1

GMRT_10319_ARP1

GL50803_16903_ARP1

GL50803_6542_ARP1

GL50803_13055_ARP1

GMRT_13639_ARP1

GMRT_12247_ARP2

GMRT_10228_ARP2

GL50803_11165_ARP1

GL50803_14510_ARP1

GL50803_102023_ARP1

GMRT_13224_ARP1

GL50803_41212_ARP1

GL50803_21603_ARP1

GMRT_14318_ARP1

GL50803_14601_ARP1

GL50803_10410_ARP1

GMRT_10744_ARP1

GMRT_12357_ARP3

GL50803_17288_ARP1

GMRT_12931_ARP1

GMRT_12750_ARP1

GMRT_14668_ARP1

GMRT_25071_ARP1

GMRT_22949_ARP1

GMRT_11504_ARP1

GL50803_21799_ARP2

GMRT_25097_ARP3

GMRT_12065_ARP1

GMRT_21875_ARP2

GL50803_117436_ARP1

GL50803_61564_ARP3

GMRT_11548_ARP1

GL50803_11164_ARP1

GL50803_12028_ARP1

GL50803_38394_ARP1

GL50803_37353_ARP1

GMRT_10978_ARP1

GMRT_10468_ARP1

GL50803_17152_ARP1

GMRT_14497_ARP1

GL50803_8174_ARP1

GL50803_3903_ARP1

GL50803_3746_ARP1

GMRT_14976_ARP2

GMRT_16075_ARP2

GL50803_8983_ARP1

GL50803_9720_ARP1

GL50803_16914_ARP1

GL50803_32778_ARP1

GMRT_13485_ARP1

GL50803_24412_ARP1

GL50803_5881_ARP1

GMRT_16095_ARP2

GL50803_13982_ARP1

GMRT_10984_ARP2

GL50803_14434_ARP1

GMRT_12414_ARP2

GL50803_6007_ARP1

GMRT_10936_ARP1

GMRT_23426_ARP1

GMRT_12533_ARP1

GL50803_13800_ARP1

GMRT_12815_ARP1

GL50803_61641_ARP1

GL50803_15464_ARP1

GMRT_11664_ARP1

GMRT_13107_ARP1

GMRT_13607_ARP2

GMRT_24155_ARP2

GMRT_15840_ARP1

GMRT_14249_ARP1

GL50803_15410_ARP1

GL50803_14254_ARP1

GMRT_20409_ARP3

GMRT_10073_ARP1

GL50803_25296_ARP1

GL50803_16390_ARP1

GMRT_24791_ARP2

GMRT_14846_ARP2

GMRT_25057_ARP1

GMRT_10366_ARP1

GMRT_24727_ARP1

GL50803_7375_ARP1

GL50803_10911_ARP1

GL50803_5806_ARP1

GL50803_13766_ARP1

GMRT_12802_ARP1

GL50803_14636_ARP1

GL50803_7680_ARP1

GL50803_95192_ARP1

GL50803_16354_ARP1

GMRT_10430_ARP1

GL50803_114440_ARP1

GMRT_10944_ARP1

GL50803_9030_ARP1

GMRT_13431_ARP2

GMRT_13246_ARP2

GMRT_13135_ARP1

GMRT_12749_ARP1

GMRT_14898_ARP1

GL50803_115444_ARP1

GL50803_16819_ARP1

GMRT_13689_ARP2

GL50803_17284_ARP1

GMRT_11276_ARP2

GMRT_10837_ARP1

GMRT_15842_ARP1

GMRT_12334_ARP1

GL50803_112557_ARP1

GMRT_21625_ARP1

GMRT_11283_ARP1

GMRT_15375_ARP1

GL50803_6259_ARP1

GMRT_10326_ARP1

GL50803_9722_ARP1

GMRT_10953_ARP3

GMRT_20860_ARP2

GMRT_10886_ARP1

GMRT_16401_ARP2

GMRT_10227_ARP2

GMRT_11975_ARP1

GL50803_10573_ARP1

GL50803_14872_ARP1

GL50803_6602_ARP2

GMRT_22702_ARP1

GL50803_3475_ARP1

GMRT_11040_ARP1

GMRT_16405_ARP2

GL50803_4383_ARP3

GL50803_17285_ARP1

GL50803_11389_ARP2

GL50803_6344_ARP1

GMRT_11823_ARP1

GMRT_15548_ARP1

GMRT_12755_ARP1

GL50803_17015_ARP1

GMRT_11499_ARP3

GL50803_60569_ARP1

GL50803_60783_ARP2

GMRT_12226_ARP1

GMRT_11828_ARP1

GMRT_12499_ARP1

GL50803_14480_ARP1

GMRT_12833_ARP1

GMRT_10808_ARP2

GMRT_10937_ARP1

GMRT_10932_ARP2

GMRT_22692_ARP1

GMRT_10506_ARP1

GMRT_10409_ARP2

GMRT_25342_ARP1

GMRT_15647_ARP1

GL50803_14800_ARP3

GMRT_12539_ARP1

GMRT_15976_ARP1

GL50803_22385_ARP1

GMRT_14414_ARP1

GMRT_22685_ARP1

GL50803_9523_ARP1

GMRT_14425_ARP1

GMRT_10814_ARP1

GMRT_11413_ARP1

GMRT_11736_ARP2

GMRT_16294_ARP1

GL50803_16355_ARP1

GMRT_10959_ARP1

GMRT_12677_ARP1

GMRT_12619_ARP1

GMRT_10822_ARP1

GMRT_20794_ARP1

GL50803_11107_ARP1

GL50803_88735_ARP1

GMRT_13185_ARP2

GL50803_16156_ARP1

GMRT_14173_ARP1

GMRT_12237_ARP1

GMRT_22698_ARP1

GMRT_12088_ARP1

GMRT_24755_ARP3

GMRT_10176_ARP2

GL50803_93800_ARP1

GMRT_14364_ARP1

GL50803_60026_ARP1

GMRT_24759_ARP2

GMRT_23221_ARP1

GL50803_17551_ARP1

GL50803_14100_ARP1

GMRT_13008_ARP1

GMRT_13696_ARP1

GL50803_24123_ARP1

GL50803_15456_ARP1

GMRT_12602_ARP1

GMRT_14913_ARP3

GL50803_17402_ARP1

GMRT_10053_ARP1

GL50803_6342_ARP1

GMRT_12709_ARP1

GL50803_22003_ARP1

GL50803_115787_ARP1

GL50803_7373_ARP1

GL50803_17117_ARP1

GMRT_10065_ARP1

GL50803_88071_ARP1

GL50803_14741_ARP1

GL50803_101699_ARP1

GL50803_21156_ARP1

GMRT_13643_ARP3

GMRT_12400_ARP1

GMRT_23482_ARP2

GL50803_15958_ARP1

GMRT_15529_ARP2

GL50803_17552_ARP2

GMRT_13378_ARP1

GMRT_11659_ARP1

GMRT_25321_ARP1

GMRT_23358_ARP1

GMRT_13366_ARP1

GL50803_34713_ARP1

GL50803_114797_ARP1

GMRT_13800_ARP1

GL50803_14133_ARP1

GMRT_15239_ARP1

GL50803_8465_ARP1

GMRT_23157_ARP3

GMRT_11064_ARP2

GL50803_93294_ARP3

GMRT_11507_ARP1

GL50803_5468_ARP1

GMRT_12394_ARP1

GL50803_14859_ARP1

GMRT_25153_ARP1

GL50803_112572_ARP1

GMRT_12112_ARP1

GMRT_11989_ARP1

GMRT_15339_ARP1

GL50803_8388_ARP1

GMRT_13514_ARP1

GMRT_13420_ARP2

GL50803_137703_ARP1

GL50803_4264_ARP1

GL50803_16435_ARP1

GMRT_12492_ARP1

GL50803_16843_ARP1

GL50803_10374_ARP1

GMRT_24414_ARP1

GMRT_13087_ARP1

GL50803_6530_ARP1

GMRT_12738_ARP1

GMRT_11266_ARP1

GMRT_14931_ARP1

GMRT_12688_ARP1

GMRT_11753_ARP1

GMRT_11829_ARP2

GMRT_13790_ARP1

GMRT_11935_ARP1

GMRT_14182_ARP1

GL50803_3599_ARP1

GL50803_10950_ARP1

GMRT_14564_ARP2

GMRT_11475_ARP1

GL50803_14206_ARP2

GL50803_16220_ARP1

GL50803_13438_ARP1

GMRT_12971_ARP2

GL50803_17613_ARP1

GMRT_13687_ARP1

GMRT_12356_ARP1

GMRT_11240_ARP1

GL50803_6672_ARP1

GMRT_20265_ARP2

GMRT_12929_ARP1

GMRT_10507_ARP1

GL50803_93011_ARP1

GMRT_13802_ARP1

GMRT_21874_ARP3

GL50803_5305_ARP1

GMRT_21812_ARP1

GL50803_15232_ARP1

GL50803_5188_ARP1

GMRT_11414_ARP1

GL50803_3147_ARP1

GMRT_13688_ARP1

GMRT_11840_ARP1

GL50803_16444_ARP1

GMRT_13536_ARP1

GMRT_12369_ARP1

GMRT_14443_ARP2

GL50803_17097_ARP1

GL50803_27925_ARP1

GL50803_17586_ARP1

GMRT_14930_ARP1

GMRT_24659_ARP2

GL50803_97072_ARP1

GL50803_4320_ARP2

GL50803_24009_ARP1

GL50803_14926_ARP1

GMRT_10877_ARP1

GL50803_15030_ARP1

GMRT_10843_ARP2

GMRT_10177_ARP1

GL50803_15476_ARP1

GMRT_15537_ARP1

GL50803_61472_ARP2

GMRT_15610_ARP1

GL50803_d103094_ARP1

GMRT_14907_ARP1

GMRT_10672_ARP3

GMRT_13618_ARP1

GL50803_13223_ARP1

GL50803_16820_ARP1

GMRT_13217_ARP2

GMRT_12067_ARP1

GL50803_9802_ARP1

GL50803_10686_ARP1

GMRT_21237_ARP3

GL50803_13427_ARP1

GMRT_14565_ARP2

GL50803_11493_ARP1

GMRT_15103_ARP1

GMRT_10161_ARP1

GMRT_12509_ARP2
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0.4

GLP15_1251

GL50803_137680

SS50387_15125

GL50803_3169

GMRT_14649 Papain family peptidase

GSB_151843

GL50803_16380

GL50803_10217

GSB_153017

GLP15_1918

GL50803_6369

GSB_154207

GLP15_1064

GLP15_3781

SS50387_15204

GSB_155477

GSB_153226

SS50387_16436

GSB_16160

GL50803_114915

GL50803_9548

GSB_153109

GLP15_1446

GLP15_4486

GLP15_1065

SS50387_15306

GL50803_14983

SS50387_10455

GL50803_14019

SS50387_11693

GL50803_114773

SS50387_18373

GMRT_15650 Cathepsin L

GSB_16468

GL50803_16160

GSB_151834

GMRT_11473 Cathepsin L

GMRT_13010 Cathepsin L-like protease

SS50387_14617

GL50803_22553

GSB_153399

GMRT_13582 Cathepsin L

GLP15_5239

GSB_151676

SS50387_10815

GSB_151038

SS50387_16455

GLP15_5224

GMRT_12624 Cathepsin L

SS50387_12444

GSB_14566

GSB_14983

GSB_152402

SS50387_18811

GMRT_14369 Cathepsin B

GLP15_45

SS50387__12870

GSB_152257

GMRT_10964 Dipeptidyl peptidase I

GSB_155379

SS50387__16813

GL50803_15564

SS50387_15430

GLP15_4915

GMRT_12133 Cathepsin L

GSB_153537

GLP15_1063

SS50387_16965

SS50387__13248

GL50803_114165

GL50803_16468

GSB_150476

GMRT_10966 Dipeptidyl peptidase I

SS50387_18367

SS50387_15915

GSB_153782
GSB_153768

GLP15_2617

GLP15_3375

GLP15_1117

GLP15_5189

GLP15_3934

SS50387_15427

SS50387_17137

GSB_8741

GSB_154029

GL50803_17516

GSB_153364

SS50387_16801

GL50803_113303

GMRT_16391 Cathepsin B-like cysteine_proteinase

GSB_16380

GLP15_4208

GSB_154296

GSB_151035

GLP15_3793

SS50387_15394

GL50803_11209

GL50803_17607

GL50803_16779

SS50387_10796

GSB_150500

SS50387_16845

GSB_151297

SS50387_10919

GSB_155284

GLP15_4313

GSB_14019

GMRT_16375 Cathepsin B

SS50387_15395

GLP15_4500

SS50387_15590

GMRT_20195 Cathepsin L

GL50803_113656

GSB_150629

GLP15_5194

GL50803_112831

GL50803_8741

GLP15_3516

GL50803_28651

GMRT_10866 Cathepsin L

SS50387_18186

GSB_155190

SS50387__18784

GL50803_14566

SS50387_13116

SS50387_10908

GLP15_1860

GSB_150353

GSB_154668

GLP15_2263

GLP15_4988

GSB_16779

GSB_153404

GSB_153774

GMRT_16333 Cysteine protease

SS50387_15751

GL50803_29304

SS50387_11792

GL50803_3099
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WP_105002514.1_Aureicoccus_marinus

WP_008843537.1_Aliiglaciecola_lipolytica

WP_101996525.1_Klebsiella_quasipneumoniae

OMK23359.1_Clostridioides_difficile

WP_078238704.1_Haemophilus_felis

WP_036949595.1_Providencia_alcalifaciens

WP_013405274.1_Halanaerobium_hydrogeniformans

WP_077622425.1_Sediminibacillus_massiliensis

WP_106023923.1_Clostridium_thermopalmarium

WP_105476501.1_Escherichia_coli

WP_105615165.1_Vallitalea_sp.

WP_008867223.1_Flavobacteria_bacterium

WP_087032165.1_Trichococcus_palustris

WP_004034943.1_Clostridium_sp.

WP_077700785.1_Staphylococcus_hominis

PSL36288.1_Planomicrobium_soli

ASB86769.1_Bacillus_sonorensis

WP_089759561.1_Halarsenatibacter_silvermanii

WP_053984818.1_Niameybacter_massiliensis

WP_075183108.1_Pantoea_sp.

AMX05119.1_Enterobacter_asburiae

WP_048745271.1_Paenibacillus_sp.

WP_092872691.1_Acetitomaculum_ruminis

AAU37840.1_Mannheimia_succiniciproducens

WP_014824905.1_Solibacillus_silvestris

OYY11767.1_Sphingobacteriia_bacterium
WP_090654099.1_Parafilimonas_terrae

WP_049783357.1_Mahella_australiensis

WP_077426352.1_Rodentibacter_heidelbergensis

WP_102049940.1_Pygmaiobacter_massiliensis

XP_023293437.1_Lucilia_cuprina

WP_084257194.1_Pasteurella_testudinis

WP_055162259.1_Anaerostipes_hadrus

WP_024522100.1_Edwardsiella_hoshinae

WP_005973751.1_Pectobacterium_wasabiae

WP_042848892.1_Providencia_rettgeri

WP_083596341.1_Cnuella_takakiae

PKL91709.1_Goldbacteria_bacterium

AEJ60705.1_Spirochaeta_thermophila

WP_047370571.1_Phytobacter_ursingii

WP_024872745.1_Tolumonas_lignilytica

WP_071119137.1_Romboutsia_timonensis

SHT25362.1_Mycobacterium_abscessus

WP_079411248.1_Clostridium_thermoalcaliphilum

SFJ91600.1_Thermoflavimicrobium_dichotomicum

WP_017470585.1_Amphibacillus_jilinensis

WP_081301297.1_Hydrotalea_flava

WP_092674078.1_Rosenbergiella_nectarea

WP_011769374.1_Psychromonas_ingrahamii

WP_105620608.1_Cronobacter_malonaticus

WP_008432588.1_Planococcus_donghaensis

WP_103066914.1_Petrotoga

WP_088855160.1_Thermococcus_siculi

PIF00704.1_Maribacter_sp.

WP_053417144.1_Viridibacillus_arvi

WP_009836636.1_Pseudoalteromonas_tunicata

WP_093303729.1_Pseudoxanthomonas_sp.

WP_036198121.1_Lysinibacillus_sinduriensis

WP_068336105.1_Photobacterium_jeanii

KUK67912.1_Mesotoga_infera

WP_077140749.1_Auricoccus_indicus

PKK93324.1_Tenericutes_bacterium

WP_053600589.1_Bacillus_sp.

WP_042271842.1_Clostridium_dakarense

WP_087289815.1_Anaerofilum_sp.

WP_006815087.1_Providencia_rustigianii

EHI99010.1_Clostridium_sp.

WP_054870601.1_Caloranaerobacter_sp.

WP_075679426.1_Roseburia_sp.

WP_092039560.1_Planifilum_fulgidum

SLK34138.1_Mycobacterium_abscessus

WP_018660779.1_Thermobrachium_celere

WP_041334871.1_Marinobacter_salarius

WP_102266844.1_Faecalitalea_sp.

WP_079560102.1_Lysinibacillus.sp
CDE34028.1_Ruminococcus_sp.

PHS35579.1_Alkaliphilus_sp.

WP_045148525.1_Photobacterium_angustum

PSL44531.1_Salsuginibacillus_halophilus

WP_024142168.1_Salmonella_enterica

WP_091549062.1_Thermoflexibacter_ruber

WP_026672919.1_Bacillus_bogoriensis

SFT01896.1_Halolactibacillus_miurensis

WP_013749137.1_Pyrococcus_sp.

GM_13993_Giardia_muris

WP_028505653.1_Ruminococcus_sp.

WP_021461858.1_Gallibacterium_anatis

WP_017470881.1_Amphibacillus_jilinensis

WP_003147207.1_Gemella_haemolysans

WP_007503353.1_Caldalkalibacillus_thermarum

WP_029499651.1_Kurthia_huakuii

WP_040986734.1_Vibrio_renipiscarius

WP_096759581.1_Lelliottia_amnigena

WP_036784024.1_Pontibacillus_chungwhensis

WP_008611169.1_Joostella_marina

WP_060615806.1_Escherichia_coli

WP_047754184.1_Kosmotoga_pacifica

AFI46661.1_Pasteurella_multocida

OLB55379.1_Ktedonobacter_sp.

EDQ97905.1_Intestinibacter_bartlettii

WP_072758396.1_Rhodanobacter_sp.

WP_045104292.1_Aliivibrio_wodanis

WP_048713229.1_Cardiobacterium_hominis

WP_013655267.1_Cellulosilyticum_lentocellum

WP_006785008.1_Turicibacter_sanguinis

WP_044186065.1_Hyalangium_minutum

WP_084060330.1_Cellulophaga_tyrosinoxydans

WP_046175881.1_Domibacillus_indicus

OQY09928.1_Fusobacteriia_bacterium

WP_095310344.1_Paenibacillus_sp.

WP_026390531.1_Acholeplasma_axanthum

WP_087064623.1_Intestinibacillus_massiliensis

ERG67663.1_Exiguobacterium_chiriqhucha

ATO33209.1_Dickeya_dianthicola

WP_094253117.1_Fictibacillus_aquaticus

WP_092721736.1_Romboutsia_lituseburensis

WP_028867038.1_Psychromonas_arctica

WP_021876181.1_Clostridium_chauvoei

WP_077005203.1_Saccharothrix_sp.

WP_040105257.1_Salinicoccus_roseus

WP_058912055.1_Erwinia_teleogrylli

WP_072763353.1_Arenibacter_nanhaiticus

WP_072987119.1_Pseudozobellia_thermophila

WP_070713723.1_Hafnia_sp.

WP_005361435.1_Eubacterium_ventriosum

WP_097784665.1_Faecalibacterium_prausnitzii

SHS09312.1_Mycobacterium_abscessus

WP_101343971.1_Colwellia_echini

WP_049964311.1_Haloterrigena_jeotgali

WP_031474356.1_Agathobaculum_desmolans
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A. Fructokinase

Diplomonads
Opisthokonta

Firmicutes
Proteobacteria

Actinobacteria
Bacteroidetes
Other bacteria
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WP_009347920.1_Alloprevotella_rava

OIQ21207.1_Lacinutrix_sp.
WP_028291460.1_Olleya_sp.

ERT67870.1_Cetobacterium_somerae

WP_092847498.1_Algibacter_pectinivorans

WP_053186084.1_Sunxiuqinia_dokdonensis

WP_054876969.1_Oxobacter_pfennigii

WP_073167997.1_Tangfeifania_diversioriginum

PRY55113.1_Arcticibacter_pallidicorallinus

WP_105375471.1_Massilia_phosphatilytica

WP_068206273.1_Lutibacter_profundi

PID27362.1_Cloacimonetes_bacterium

WP_012861258.1_Sebaldella_termitidis

WP_051655807.1_Bacteroides_sp.

WP_037029324.1_Psychrilyobacter_atlanticus

WP_006254281.1_Alloprevotella_tannerae

WP_036868731.1_Porphyromonas_canoris

WP_099647316.1_Leeuwenhoekiella_nanhaiensis

CCZ43386.1_Bacteroides_sp.

WP_008509181.1_Mucilaginibacter_paludis

WP_013751882.1_Dokdonia_sp.

WP_089966621.1_Clostridium_gasigenes

WP_084107348.1_Azobacteroides_pseudotrichonymphae

WP_055393589.1_Flagellimonas_eckloniae

WP_054261223.1_Propionispora_sp.

WP_087330492.1_Parabacteroides_sp.

WP_095134704.1_Anaeromicrobium_sediminis

WP_091410030.1_Aquimarina_amphilecti

WP_009581104.1_Fulvivirga_imtechensis

WP_005883213.1_Fusobacterium_mortiferum

PHS36111.1_Alkaliphilus_sp.

KRP13644.1_Polaribacter_sp.

WP_090226845.1_Lutibacter_maritimus

WP_101486173.1_Dysgonamonadaceae_bacterium

PSG93945.1_Mesoflavibacter_sabulilitoris

WP_047789141.1_Tenacibaculum_mesophilum

WP_069675841.1_Formosa_sp.

WP_068471795.1_Labilibacter_aurantiacus

WP_073316007.1_Aquimarina_spongiae

OGG05103.1_Glassbacteria_bacterium

WP_027302899.1_Rudanella_lutea

WP_018357816.1_Porphyromonas_levii

OGS69492.1_Flavobacteria_bacterium

WP_073270490.1_Alkalibacter_saccharofermentans

WP_028329621.1_Brachyspira_alvinipulli

WP_084295118.1_Caldanaerobius_polysaccharolyticus

WP_046745939.1_Kordia_zhangzhouensis

PNE27480.1_Tannerella_sp.

WP_057953918.1_Salinivirga_cyanobacteriivorans

WP_038656809.1_Mucinivorans_hirudinis

WP_033957118.1_Psychroserpens_jangbogonensis

PSK82805.1_Prolixibacter_denitrificans

WP_090410520.1_Myroides_phaeus

CCY36425.1_Alistipes_sp.

WP_045802465.1_Muricauda_lutaonensis

WP_079718838.1_Salegentibacter_holothuriorum

WP_092436454.1_Williamwhitmania_taraxaci

WP_008991103.1_Galbibacter_marinus

WP_045085127.1_Clostridium_cellulosi

WP_008238209.1_Imtechella_halotolerans

WP_079488607.1_Maledivibacter_halophilus

GM_11032_Giardia_muris

WP_010664473.1_Marinilabilia_salmonicolor

WP_092847488.1_Algibacter_pectinivorans

WP_088655709.1_Geofilum_rhodophaeum

PHS09749.1_Kordia_sp.

KKC29361.1_Caldanaerobacter_subterraneus

EJU25905.1_Capnocytophaga_sp.

WP_038559718.1_Draconibacterium_orientale

WP_026451717.1_Aequorivita_capsosiphonis

OUS17992.1_Nonlabens_dokdonensis

WP_066630427.1_Labilibacter_marinus

WP_036880967.1_Porphyromonas_sp.

WP_089355048.1_Ekhidna_lutea

WP_038599060.1_Dokdonia_sp.

WP_062041604.1_Lentimicrobium_saccharophilum

WP_062623196.1_Vitellibacter_aquimaris

OHB75946.1_Planctomycetes_bacterium

KPK81913.1_Bacteroides_sp.

CDE86877.1_Prevotella_sp.

WP_066219856.1_Formosa_haliotis

WP_068155422.1_Leptotrichia_sp.

WP_064975906.1_Alistipes_sp.

WP_072865544.1_Arenibacter_palladensis

WP_060523919.1_Nonlabens_sp.

CCX44820.1_Prevotella_sp.

WP_073081852.1_Winogradskyella_jejuensis

WP_053826413.1_Lascolabacillus_massiliensis

OKZ15566.1_Butyricimonas_synergistica

WP_047244724.1_Maribacter_thermophilus

CCY37818.1_Tannerella_sp.

SFQ27272.1_Caldicoprobacter_faecalis

OFW27519.1_Acidobacteria_bacterium

WP_042833391.1_Thermoanaerobacter_sp.

AUC23576.1_Polaribacter_sejongensis

CCZ82405.1_Odoribacter_laneus

CDD83989.1_Bacteroides_sp.

WP_053984279.1_Niameybacter_massiliensis

WP_089373632.1_Dokdonia_pacifica

WP_026990942.1_Flavobacterium_subsaxonicum

WP_013387205.1_Ilyobacter_polytropus

WP_100725876.1_Leptospira

WP_026474689.1_Alkaliflexus_imshenetskii

WP_085536262.1_Massilibacteroides_vaginae

WP_018363232.1_Prevotella_nanceiensis

WP_059026564.1_Gabonibacter_massiliensis

WP_003436485.1_Psychroflexus_gondwanensis

WP_083478354.1_Lacinutrix_himadriensis

WP_010136879.1_Ochrovirga_pacifica

WP_105616627.1_Vallitalea_sp.

WP_074782755.1_Clostridium_homopropionicum

WP_038534223.1_Barnesiella_viscericola

WP_083361165.1_Prevotellamassilia_timonensis

OBQ56354.1_Tamlana_sp.

WP_026626296.1_Dysgonomonas_capnocytophagoides

WP_093145272.1_Ulvibacter_litoralis

WP_054559347.1_Croceitalea_dokdonensis

WP_089378807.1_Lutibacter_flavus

GAP71782.1_Symbiothrix_dinenymphae

WP_097047528.1_Spongiibacterium_pacificum

WP_096232321.1_Thermoanaerobacterium_sp.

PHS61737.1_Flavobacterium_sp.

WP_083373324.1_Petrimonas_mucosa

WP_098028222.1_Capnocytophaga_cynodegmi

WP_083524996.1_Thermotalea_metallivorans

PKL91774.1_Goldbacteria_bacterium

WP_022315645.1_Prevotella_sp.

OKY86378.1_Bacteroidales_bacterium

WP_013444596.1_Paludibacter_propionicigenes

WP_089860101.1_Halanaerobium_salsuginis

WP_028284184.1_Olleya_marilimosa

WP_068719437.1_Orenia_metallireducens

WP_005923634.1_Bacteroides_salyersiae

WP_008630146.1_Paraprevotella_xylaniphila

WP_103895512.1_Caloramator_fervidus

WP_031258908.1_Coprobacter_fastidiosus

WP_087562743.1_Polaribacter_sp.

SFU76711.1_Pustulibacterium_marinum

OUV94884.1_Euryarchaeota_archaeon

BAV94746.1_Ichthyobacterium_seriolicida

WP_048569693.1_Clostridium_cylindrosporum

CQB85605.1_Chlamydia_trachomatis

WP_024993904.1_Bacteroides_paurosaccharolyticus

WP_080905946.1_Parabacteroides_sp.

EAR14160.1_Robiginitalea_biformata

WP_014681039.1_Solitalea_canadensis

WP_087525465.1_Gilvibacter_sp.

WP_045471305.1_Winogradskyella_sp.

CCX47040.1_Bacteroides_sp.

WP_101015420.1_Olleya_sp.
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1032_Mannose-6-phosphate isomerase 11033_Transcriptional regulator/sugar kinase

Alistipes
Marseille-P2431NagCManA

Bacteroides
coprocolaNagCManA BACCOP_00658BACCOP_00657

B. ManA

Diplomonads
Archaea
Bacteroidetes

Other bacteria
Firmicutes
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WP_102697570.1_Prevotella_buccalis

WP_068769160.1_Opitutaceae_bacterium_TSB47

WP_081216653.1_Pseudoalteromonas_luteoviolacea

WP_083985073.1_Geofilum_rubicundum

SHF55523.1_Aliifodinibius_roseus

WP_082709520.1_Enterococcus_gallinarum

RQV93180.1_Calditrichaeota_bacterium

OLD69064.1_Ignavibacteria_bacterium_13_1_40CM_2_61_4

RPJ59285.1_Acidobacteria_bacterium

WP_014773703.1_Belliella_baltica

PKP13730.1_Bacteroidetes_bacterium_HGW_Bacteroidetes_3

RLD90082.1_Bacteroidetes_bacterium

WP_116785957.1_Holophagae_bacterium

WP_019188161.1_Prevotella_conceptionensis

OGD16177.1_Aminicenantes_bacterium_RBG_16_66_30

WP_128730458.1_Pseudoalteromonas_sp._PS5

WP_066317949.1_Aquimarina_aggregata

WP_093302124.1_Salegentibacter_agarivorans

WP_129500405.1_Marinimicrobia_bacterium

WP_023058328.1_Prevotella

RLD73360.1_Bacteroidetes_bacterium

WP_039131845.1_Flavihumibacter_sp._ZG627

WP_081954393.1_Bacillus_niacini

WP_072447077.1_Blautia_sp._Marseille_P3201T

WP_010263332.1_Alistipes_timonensis

WP_013304697.1_Maribacter_sp._HTCC2170

RYD20377.1_Verrucomicrobiaceae_bacterium

RLD21460.1_Bacteroidetes_bacterium

RLI20679.1_Bathyarchaeota_archaeon

WP_077015218.1_Kribbella_sp._ALI_6_A

WP_136059884.1_Kiritimatiellales_bacterium

KUK58810.1_Bacteroidetes_bacterium_38_7

WP_007572498.1_Prevotella_multisaccharivorax

WP_091399096.1_Arachidicoccus_rhizosphaerae

WP_058102517.1_Maribacter_dokdonensis
WP_106146430.1_Muricauda_pacifica

WP_130641730.1_Marinilabiliaceae_bacterium_JC017

PIS04850.1_Buchananbacteria_bacterium_CG10_big_fil_rev_8_21_14_0_10_42_9

RYF99181.1_Chitinophagaceae_bacterium

AQT69795.1_Phycisphaerae_bacterium_ST_NAGAB_D1

WP_110888159.1_Deinococcus_yavapaiensis

WP_087413266.1_Bacteroides_clarus

WP_046368347.1_Flavihumibacter_petaseus

WP_110310786.1_Dysgonomonas_alginatilytica

WP_083619375.1_Mucilaginibacter_sp._OK098
OJW17473.1_Mucilaginibacter_sp._44_25

WP_087280573.1_Muribaculum

RCL62035.1_Bacteroidetes_bacterium

OIO67506.1_Marinimicrobia_bacterium_CG1_02_48_14

RPH31941.1_Bacteroidales_bacterium

WP_086594047.1_Hymenobacter_sp._MIMBbqt21

WP_129015780.1_Gelidibacter_gilvus

OVE79183.1_bacterium_I07

WP_014018430.1_Cyclobacterium_marinum

WP_064435275.1_Pseudoalteromonas_neustonica

PSR08582.1_Bacteroidetes_bacterium

RLD90081.1_Bacteroidetes_bacterium

RJR30642.1_Parcubacteria_bacterium

RLD38160.1_Bacteroidetes_bacterium

PKP40276.1_Bacteroidetes_bacterium_HGW_Bacteroidetes_13

WP_073124708.1_Reichenbachiella_agariperforans

WP_080903520.1_Parabacteroides_sp._Marseille_P3160

OAI43379.1_Verrucomicrobia_bacterium_SCGC_AG_212_E04

WP_116061994.1_Cohnella_phaseoli

WP_121355694.1_Flavisolibacter_sp._X7X

OIO75522.1_Elusimicrobia_bacterium_CG1_02_37_114

AFM12236.1_Turneriella_parva_DSM_21527

WP_018479438.1_Pontibacter_roseus

WP_087328004.1_Parabacteroides_sp._An277

WP_112565470.1_Mucilaginibacter_kameinonensis

WP_129501170.1_Marinimicrobia_bacterium

WP_128761970.1_Leeuwenhoekiella

WP_136334624.1_Robertkochia_marina

RPH31180.1_Bacteroidales_bacterium

WP_090226801.1_Lutibacter_maritimus

RLD67268.1_Bacteroidetes_bacterium

OGD22885.1_Aminicenantes_bacterium_RBG_16_63_16

PIS42808.1_Kerfeldbacteria_bacterium_CG08_land_8_20_14_0_20_40_16

GAK50966.1_Moduliflexus_flocculans

WP_115870252.1_Marinoscillum_furvescens

WP_122303843.1_Tannerella_sp._AM09_19

WP_108644915.1_Rhodobacter_blasticus

WP_060690090.1_Persicobacter_sp._JZB09

WP_089317281.1_Pontibacter_ummariensis

WP_045980160.1_Pseudoalteromonas_ruthenica

WP_048604541.1_Enterococcus_massiliensis

WP_095542743.1_unclassified_Comamonadaceae
WP_028116289.1_Ferrimonas_senticii

WP_119049815.1_Pseudoflavitalea_sp._5GH32_13

WP_091395549.1_Arachidicoccus_rhizosphaerae

SEN14202.1_bacterium_A37T11

WP_130143583.1_Sphingobacterium_sp._30C10_4_7

WP_107823689.1_Mangrovibacterium_marinum

WP_130641105.1_Marinilabiliaceae_bacterium_JC017

WP_136060406.1_Kiritimatiellales_bacterium

WP_101725777.1_Emticicia_sp._TH156
WP_018474945.1_Echinicola_pacifica

WP_068183464.1_Macellibacteroides_sp._HH_ZS

WP_073139719.1_Chryseolinea_serpens

OUW21090.1_bacterium_TMED161

OGR96299.1_Elusimicrobia_bacterium_GWF2_62_30

KRO79407.1_Polaribacter_sp._BACL8_MAG_120531_bin13

WP_014271023.1_Sphaerochaeta_pleomorpha

PLW92378.1_Marinilabiliales_bacterium

WP_021986815.1_Odoribacteraceae

WP_062570358.1_Pseudoalteromonas_arabiensis

WP_095265465.1_Paenibacillus_campinasensis

OFX53069.1_Bacteroidetes_bacterium_GWC2_46_850

OJU27237.1_Sphingobacteriales_bacterium_41_5

RLD43576.1_Bacteroidetes_bacterium

WP_135074250.1_Algoriphagus_sp._XY_J91

WP_092113321.1_Prevotella_sp._KH2C16

WP_074761752.1_Prevotella_ruminicola

WP_106154263.1_Marinilabilia_salmonicolor

WP_020402653.1_Gracilimonas_tropica

WP_130601578.1_Litorilituus_sediminis

WP_091915096.1_Prevotella_aff._ruminicola_Tc2_24

WP_006927235.1_Caldithrix_abyssi

WP_002558407.1_Bacteroides

PIY33769.1_Bacteroidetes_bacterium_CG_4_10_14_3_um_filter_42_6

WP_044351038.1_Dethiosulfatarculus_sandiegensis

WP_083643510.1_Gramella_flava

OGF22929.1_Falkowbacteria_bacterium_RBG_13_39_14

SDD72348.1_Niabella_drilacis

ERI85347.1_Bacteroides_pyogenes_F0041

WP_098195639.1_Chitinophaga_caeni

WP_091820197.1_Prevotella_sp._kh1p2

WP_063372644.1_Pseudoalteromonas_luteoviolacea

WP_008510753.1_Mucilaginibacter_paludis

WP_125031764.1_Ancylomarina_sp._M1P

WP_031427497.1_Flavimarina_sp._Hel_I_48

WP_014856254.1_Melioribacter_roseus

WP_112782601.1_Echinicola_strongylocentroti

KXK32013.1_Bacteroidetes_bacterium_OLB12

WP_128331309.1_Apibacter_sp._HY039

WP_042373410.1_Bacteroides_neonati

AXS01337.1_bacterium

WP_029427834.1_Bacteroides_cellulosilyticus

WP_062082303.1_Bacteroidales_bacterium_6E

WP_007135061.1_Prevotella_salivae

RPH32165.1_Bacteroidales_bacterium

WP_116790829.1_Flavobacterium_sp._CJ74

PIW59076.1_Shewanella_sp._CG12_big_fil_rev_8_21_14_0_65_47_15

WP_136060387.1_Kiritimatiellales_bacterium

KPJ97211.1_Gemmatimonas_sp._SG8_28

OHA48290.1_Terrybacteria_bacterium_RIFCSPHIGHO2_01_FULL_58_15

PZP52358.1_Pseudopedobacter_saltans

WP_096192752.1_Cytophagales_bacterium_TFI_002

PKP33865.1_Bacteroidetes_bacterium_HGW_Bacteroidetes_17

WP_091416559.1_Friedmanniella_luteola

WP_132434674.1_Natronoflexus_pectinivorans

WP_129129020.1_Lacibacter_sp._TTM_7

WP_102818880.1_Mesotoga

WP_020531836.1_Flexithrix_dorotheae

OQX85701.1_candidate_division_KSB1_bacterium_4484_87

OKY86377.1_Bacteroidales_bacterium_52_46

EEU51590.1_Parabacteroides_sp._D13

PKP15943.1_Bacteroidetes_bacterium_HGW_Bacteroidetes_22

WP_081787611.1_Paenibacillus_sp._URHA0014

WP_112377090.1_Flagellimonas_sp._HME9304

RKX46264.1_Thermotogae_bacterium

RLT18475.1_Planctomycetes_bacterium

WP_130856106.1_Olivibacter_jilunii

OFY35827.1_Bacteroidetes_bacterium_GWF2_38_335

WP_101214517.1_Alteromonadales_bacterium_alter_6D02

WP_028768441.1_Shewanella_fidelis

WP_015267185.1_Echinicola_vietnamensis

WP_131328003.1_Arachidicoccus_sp._B3_10

WP_091536161.1_Alistipes_sp._CHKCI003

WP_006800081.1_Dysgonomonas_gadei

WP_050701211.1_Dysgonomonas_sp._BGC7

WP_006930042.1_Caldithrix_abyssi

WP_081681221.1_Flectobacillus_major

WP_009185348.1_Cecembia_lonarensis

RKY85463.1_candidate_division_KSB1_bacterium

RLD46820.1_Bacteroidetes_bacterium

RPH33538.1_Bacteroidales_bacterium

WP_103927376.1_Petrotoga_sp._SL27

WP_079593044.1_Bacteroidales_bacterium_WCE2004

PKP13729.1_Bacteroidetes_bacterium_HGW_Bacteroidetes_3

WP_117683379.1_Bacteroides

WP_107823940.1_Mangrovibacterium_marinum

PZR29999.1_Citrobacter_freundii

OQX95880.1_candidate_division_KSB1_bacterium_4572_119

WP_047777783.1_Flavobacterium_sp._ABG

OGU52371.1_Ignavibacteria_bacterium_GWC2_36_12
WP_009093597.1_Rhodopirellula_sp._SWK7

WP_110312243.1_Dysgonomonas_alginatilytica

PID59305.1_Ignavibacteriae_bacterium

OJW34913.1_Sphingobacteriales_bacterium_46_32

WP_069834221.1_Fabibacter_misakiensis

PIN81018.1_Woesearchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_34_8

OGD39662.1_Aminicenantes_bacterium_RBG_19FT_COMBO_58_17

WP_123404162.1_unclassified_Muribaculaceae

WP_104812113.1_Aureitalea_marina

WP_103439712.1_Arenibacter_hampyeongensis

OFY41079.1_Bacteroidetes_bacterium_GWF2_40_14

RLD82204.1_Bacteroidetes_bacterium

RKY78089.1_candidate_division_KSB1_bacterium

OGU34922.1_Ignavibacteria_bacterium_GWB2_35_6b
KPK87012.1_Bacteroides_sp._SM23_62_1

WP_091563629.1_Arthrobacter_sp._ok362

WP_135103892.1_Dysgonomonas_mossii

RLD39814.1_Bacteroidetes_bacterium

WP_134694632.1_Aeromonas_taiwanensis

WP_109674938.1_Dyadobacter_jejuensis

RLD21979.1_Bacteroidetes_bacterium

OYT14740.1_Bacteroidetes_bacterium_4572_77

PLX09345.1_Marinilabiliales_bacterium

WP_103192812.1_Formosa_algae

WP_062124421.1_Geofilum_rubicundum

RLD68482.1_Bacteroidetes_bacterium

WP_093408239.1_Salegentibacter_flavus

WP_074497759.1_Thalassotalea_sp._PP2_459

WP_115830775.1_Dyadobacter_sp._RS19

CDC97994.1_Alistipes_sp._CAG_268

WP_044229156.1_Flammeovirga_pacifica

WP_131539816.1_Pedobacter_sp._36B243

WP_005794957.1_Bacteroides

KWW25612.1_bacterium_F082

WP_071134391.1_Millionella_massiliensis

WP_026473599.1_Alkaliflexus_imshenetskii

PIR13534.1_Falkowbacteria_bacterium_CG11_big_fil_rev_8_21_14_0_20_39_10

WP_079583740.1_Bacteroidales_bacterium_WCE2008

OGU64061.1_Ignavibacteria_bacterium_RBG_16_36_9

WP_079583713.1_Bacteroidales_bacterium_WCE2008

PIV51222.1_Falkowbacteria_bacterium_CG02_land_8_20_14_3_00_36_14

WP_122931904.1_Runella_sp._SP2

WP_009130841.1_Bacteroides_oleiciplenus

WP_068471797.1_Labilibacter_aurantiacus

WP_067053226.1_Mucilaginibacter_sp._L294

WP_005035348.1_Holophaga_foetida

WP_055865459.1_Chryseobacterium_sp._Leaf180

WP_077646555.1_Salinivibrio_sp._IB643

CDC66063.1_Bacteroides_sp._CAG_770

WP_029277702.1_Pedobacter_borealis

WP_071137069.1_Petrimonas_mucosa

RNC85251.1_Balneola_sp.

OGC38282.1_candidate_division_WWE3_bacterium_RBG_16_52_45

WP_015267658.1_Echinicola_vietnamensis

WP_117601564.1_Bacteroides_uniformis

CCX44572.1_Prevotella_sp._CAG_1031

WP_112884848.1_Paenibacillus_montanisoli

WP_093918464.1_Sunxiuqinia_elliptica

OYT43614.1_Aenigmarchaeota_archaeon_ex4484_56

WP_010853230.1_Lunatimonas_lonarensis

WP_083643930.1_Gramella_flava

WP_084288040.1_Pedobacter_nyackensis

OGU34596.1_Ignavibacteria_bacterium_GWB2_35_6b

WP_010367521.1_Pseudoalteromonas_citrea

PHS54758.1_Lutibacter_sp.

RJP65677.1_Ignavibacteriales_bacterium

WP_132434673.1_Natronoflexus_pectinivorans

WP_038559309.1_Draconibacterium_orientale

WP_131840223.1_Acetobacteroides_hydrogenigenes

WP_051484519.1_Shewanella_waksmanii

GM_11033_Giardia_muris

OQX60409.1_candidate_division_KSB1_bacterium_4484_219

RLE87059.1_Thermoprotei_archaeon

KQC14404.1_Desulfuromonas_sp._SDB

WP_068345828.1_Kosmotoga_arenicorallina

PQJ34408.1_Salinibacter_sp._10B

WP_034263430.1_Actinospica_robiniae

WP_087360720.1_Alistipes

PIW36635.1_Kerfeldbacteria_bacterium_CG15_BIG_FIL_POST_REV_8_21_14_020_45_12

PIZ48311.1_candidate_division_WWE3_bacterium_CG_4_10_14_0_2_um_filter_41_14

WP_062037548.1_Lentimicrobium_saccharophilum

WP_120274447.1_Mangrovibacterium_diazotrophicum

WP_040136427.1_Pseudoalteromonas_piratica

RLD25278.1_Bacteroidetes_bacterium

WP_062038276.1_Lentimicrobium_saccharophilum

WP_004569340.1_Polaribacter_irgensii

WP_082001824.1_Flavobacterium_sp._KMS

RYY54663.1_Chitinophagaceae_bacterium

RLD73359.1_Bacteroidetes_bacterium

KYP15164.1_Flavihumibacter_sp._CACIAM_22H1

WP_025310262.1_Bacteroidales_bacterium_CF

WP_089321932.1_Pontibacter_ummariensis

WP_026898211.1_Pedobacter_oryzae

WP_051286298.1_Salinimicrobium_terrae

WP_108821762.1_Dysgonomonas_sp._Marseille_P4361

KPL12830.1_Bacteroides_sp._SM23_62

WP_024981202.1_Flavobacterium_succinicans

RYZ79343.1_Proteobacteria_bacterium

WP_136777061.1_Cohnella_sp._CAU_1483

RLD85059.1_Bacteroidetes_bacterium
RLD53016.1_Bacteroidetes_bacterium

WP_114791409.1_Niabella_yanshanensis

WP_108687728.1_Chitinophaga_parva

WP_105216987.1_Aureitalea_sp._RR4_38

WP_135471806.1_Duncaniella_sp._TLL_A3

OIO59551.1_Marinimicrobia_bacterium_CG1_02_48_14

WP_062433785.1_Prevotella_sp._DNF00663

WP_104711451.1_Siphonobacter_curvatus

WP_118958633.1_Colwellia_sp._RSH04

OGF25702.1_Falkowbacteria_bacterium_RIFOXYA2_FULL_47_19

WP_024291128.1_Clostridium_indolis

WP_085537132.1_Massilibacteroides_vaginae

KXK31948.1_Bacteroidetes_bacterium_OLB12

PID26482.1_Cloacimonetes_bacterium

RJQ14636.1_Parcubacteria_bacterium

WP_069130304.1_Rhodohalobacter_halophilus

WP_045089923.1_Fermentimonas_caenicola

WP_031428908.1_Flavimarina_sp._Hel_I_48

WP_101688952.1_Dysgonomonas_sp._Marseille_P4356

WP_073043804.1_Cnuella_takakiae

WP_027252258.1_Photobacterium_halotolerans

RJS76072.1_Bathyarchaeota_archaeon

WP_111371707.1_Arcticibacterium_luteifluviistationis

WP_132120535.1_Cytophaga_sp._DMA_K_7a

PLX13068.1_Marinilabiliales_bacterium

WP_018108478.1_Bacteroides_propionicifaciens

KRO66865.1_Cryomorphaceae_bacterium_BACL21_MAG_121220_bin10

RKY55467.1_Marinimicrobia_bacterium

WP_050701483.1_Dysgonomonas_sp._BGC7

PMP95910.1_Aminicenantes_bacterium

KUK52332.1_Marinimicrobia_bacterium_46_47

RLF05337.1_Thermoprotei_archaeon

OFV81831.1_Acidobacteria_bacterium_RBG_13_68_16

WP_019615138.1_Psychromonas_ossibalaenae

SSC13909.1_Mesotoga_infera

WP_019541066.1_Proteiniphilum_acetatigenes

WP_051719802.1_Anditalea_andensis

RLD78305.1_Bacteroidetes_bacterium

WP_051199648.1_Gramella_echinicola

WP_123121472.1_Ferruginibacter_sp._BO_59

PZN58244.1_Bacteroidetes_bacterium

WP_118400412.1_Bacteroides_coprophilus

RLD39815.1_Bacteroidetes_bacterium

OGE88399.1_Doudnabacteria_bacterium_RIFCSPHIGHO2_02_FULL_49_24

PLX22843.1_Ignavibacteria_bacterium

WP_130641217.1_Marinilabiliaceae_bacterium_JC017

PZR22445.1_Citrobacter_freundii

WP_029277307.1_Pedobacter_borealis

WP_133278070.1_Flavobacterium_sp._GS13

WP_090558014.1_Pedobacter_hartonius

WP_025865647.1_Prolixibacter_bellariivorans

WP_083578106.1_Tangfeifania_diversioriginum

CDA96315.1_Bacteroides_sp._CAG_709

RPH33537.1_Bacteroidales_bacterium

WP_111709784.1_Lutibacter_sp._1KV19

OGY93362.1_Komeilibacteria_bacterium_RIFOXYC1_FULL_37_11

WP_112748688.1_Chryseolinea_flava

WP_081134379.1_Enterococcus_durans

WP_062178857.1_Dysgonomonas_macrotermitis

WP_008767097.1_Bacteroides

KIC95088.1_Flavihumibacter_solisilvae

WP_131610741.1_Pedobacter_sp._RP_3_8

RKY50736.1_Marinimicrobia_bacterium

WP_010261412.1_Alistipes_timonensis

WP_126562992.1_Flavobacterium

WP_125487267.1_Edaphobacter_aggregans

WP_093207974.1_Siphonobacter_aquaeclarae

WP_015231641.1_Deinococcus_peraridilitoris

PKP61603.1_Atribacteria_bacterium_HGW_Atribacteria_1

RQW08426.1_candidate_division_KSB1_bacterium

WP_131397585.1_Gramella_sp._KN1008

KRG17007.1_Bacillus_galactosidilyticus

WP_133351745.1_Arthrobacter_nitrophenolicus

RLD68299.1_Bacteroidetes_bacterium

WP_091212037.1_Mucilaginibacter_gossypiicola

PID95348.1_Bacteroidetes_bacterium

WP_022161111.1_Odoribacter_splanchnicus

WP_006842028.1_Dysgonomonas_mossii

OJY88008.1_Sphingobacteriales_bacterium_44_15

APC96438.1_Francisella_sp._CA97_1460

WP_126168870.1_Shewanella_sp._TH2012

WP_027201507.1_Butyricimonas_virosa

WP_018362924.1_Prevotella_nanceiensis

OGL74534.1_Uhrbacteria_bacterium_RIFCSPHIGHO2_02_FULL_60_10

WP_016198757.1_Elizabethkingia_meningoseptica

WP_080904509.1_Parabacteroides_sp._Marseille_P3160
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88.2/100

42/100

98.9/100

57/68

91.7/100

87.4/99

99/100

27/68

94.5/100

90.9/100

83.7/100

64.2/83

36.5/64

76.5/100

90/93

82.5/89

92.7/100

94.2/95

68.8/100

83.7/31
92.5/99

75.2/85

42.7/22

84.7/100

62.6/88

85.6/60

94.7/98

78/100

90.4/99

73.8/28

79.8/80

99.7/100

21.9/67

85.3/29

99.6/100

56.4/96

0/55

57.4/90

88.2/98

71.7/91

87.7/80

97.9/100

98/100

67.1/98

29/67

100/100

91.1/80

87.3/91

76.2/100

75.1/69

91.1/90

85.6/99

83.9/62

99.6/100

91/84

96.5/98

79.6/100

98/93

85.1/97

71.2/92

6.7/21

83.3/95 89.1/98

88.7/99

77.1/79

97.9/93

31.4/85

99.4/100

80/77

97.7/100

96.2/100

92/95

83.1/98

96.6/100

86/83

80.8/94

85.8/100

67.7/99

97.3/100

90.6/90

97.1/100

93.6/100

89.8/100

52.3/56

50.3/90

79.7/90

89.3/60

79.8/81

94.6/100

99.5/100

79.3/74

54.1/97

84.4/81

76.1/100

99.5/100

81.9/91

89.3/100

71.7/80

83/95

90.2/100

17/64

22.9/22

38.5/12

91.7/99

77.7/99

88.5/99

99.9/100

85.5/98

91.9/99
86.7/91

98/100

74.7/78

87.8/100

91.7/80

90.3/98

80.4/23

97.5/100

89.4/94

99.5/100

85.8/100

83.5/91

98.2/100

C. Transcriptional
regulator 

Diplomonads
Archaea
Bacteroidetes

Other bacteria

Firmicutes

Actinobacteria
Proteobacteria



0.4

WP_049687050.1_Dakarella_massiliensis

CDA18180.1_Acetobacter_sp.

WP_046732086.1_Streptomyces_humi

GM_20856_Giardia_muris

WP_010788710.1_Bacillus_atrophaeus

OHT15771.1_Tritrichomonas_foetus

CCY63062.1_Clostridium_sp.

GM_24446_Giardia_muris

KPZ13211.1_Pseudomonas_syringae_pv._viburni

ODU03256.1_Pseudonocardia_sp.

EFP61298.1_Erysipelotrichaceae_bacterium

WP_058671364.1_Enterobacter_hormaechei

WP_077473486.1_Rodentibacter

WP_099306553.1_Phyllobacteriaceae_bacterium

WP_103093246.1_Xanthomonas_citri

WP_068430993.1_Piscicoccus_intestinalis

WP_003807566.1_Bordetella_bronchiseptica

WP_081341564.1_Agrobacterium_vitis

OLA78127.1_Melainabacteria_sp.

PGH24004.1_Fusobacterium_nucleatum

WP_071861943.1_Enterococcus_devriesei

WP_065115577.1_Agrobacterium_rhizogenes

GM_21992_Giardia_muris

WP_068713820.1_Vibrio_tritonius

WP_076160383.1_Paenibacillus_peoriae

WP_066104170.1_Gallibacterium_salpingitidis

KXB49252.1_Corynebacterium_kroppenstedti i

XP_003293280.1_Dictyostelium_purpureum

WP_085453360.1_Escherichia_coli

KFF47432.1_Pseudomonas_sp.

EQB08601.1_Sphingobium_sp.

WP_075913984.1_Bartonella_apis

WP_024005414.1_Advenella_kashmirensis

WP_094636049.1_Bifidobacterium_eulemuris

WP_064694158.1_Rhizobium_aegyptiacum

WP_027291455.1_Rikenella_microfusus

WP_082942594.1_Helicobacter

WP_059500411.1_Burkholderia_sp.

XP_001306442.1_Trichomonas_vaginalis

WP_032136094.1_Alistipes

WP_013676410.1_Pseudonocardia_dioxanivorans

CDA62234.1_Clostridium_sp.

ACB91984.1_Xylella_fastidiosa

XP_017464423.1_Rhagoletis_zephyria

WP_082987518.1_Gallibacterium_genomosp.

BAU96409.1_Corynebacterium_glutamicum

WP_083163319.1_Mycobacterium_aquaticum
WP_081714872.1_Helicobacter_fennelliae

WP_049974915.1_Blautia_schinkii

SNX32375.1_Lactobacillus_fermentum

WP_005879887.1_Oxalobacter_formigenes

GM_11305_Giardia_muris

ODU51273.1_Thiobacillus_sp.

SCJ78981.1_Eubacterium_sp.

OBZ33202.1_Megasphaera_sp.

WP_093256895.1_Rubrimonas_cliftonensis

KPI88868.1_Leptomonas_seymouri

WP_098590838.1_Bacillus_megaterium

ALJ40309.1_Bacteroides_thetaiotaomicron

CDE58801.1_Fusobacterium_sp.

KWV41640.1_Rhizobium_altiplani

WP_093270022.1_Vibrio_xiamenensis

WP_065686191.1_Serratia_sp.

ORY22739.1_Neocallimastix_californiae

WP_102834397.1_Clostridioides_difficile

AQZ16937.1_Zygosaccharomyces_parabailii

WP_046796923.1_Rhizobium_sp.

WP_014618910.1_Ralstonia_solanacearum

WP_103372469.1_Staphylococcus_nepalensis

WP_036756041.1_Paracoccus_versutus

WP_002607579.1_Clostridium

WP_006915872.1_Lactobacillus_coleohominis

WP_064741455.1_Enterobacter_ludwigii

WP_047100952.1_Brachyspira_hyodysenteriae

WP_018371447.1_Streptococcus_massiliensis

WP_097323795.1_Actinoplanes_atraurantiacus

WP_087380001.1_Zymomonas_mobilis

WP_036104246.1_Mangrovibacter_sp.

OJZ04329.1_Thiobacillus_sp.

WP_039358671.1_Pectobacterium_carotovorum

WP_106285811.1_Paraburkholderia_sp.

WP_023329683.1_Klebsiella_oxytoca

ESU41346.1_Giardia_intestinalis

CEI82750.1_Oceanobacillus_oncorhynchi

CCY64570.1_Prevotella_sp.

WP_087218163.1_Blautia_sp.

WP_009142612.1_Succinatimonas_hippei

WP_075888181.1_Lactobacillus_crustorum

ERJ30873.1_Campylobacter_concisus

OJG89486.1_Enterococcus_raffinosus

EEU05582.1_Saccharomyces_cerevisiae

SFN22858.1_Psychrobacillus_psychrodurans

SMN18578.1_Kazachstania_saulgeensis

GM_21986_Giardia_muris

WP_076327646.1_Paenibacillus_amylolyticus

WP_043441340.1_Arthrobacter_sp.

WP_106028886.1_Bacillus_pumilus

OUM60671.1_Piromyces_sp.

CNC48079.1_Yersinia_enterocolitica

OHT07803.1_Tritrichomonas_foetus

WP_066288176.1_Arthrobacter_sp.

XP_001321667.1_Trichomonas_vaginalis

EPY17941.1_Angomonas_deanei

SDC42574.1_Acinetobacter_marinus

DAB08223.1_Gastranaerophilales_bacterium

OCP01790.1_Ensifer_sp.

AFU73923.1_Crithidia_mellificae

XP_002675544.1_Naegleria_gruberi

WP_009302400.1_Desulfovibrio_sp.

WP_006555587.1_Veillonella_seminalis

WP_091534289.1_Alistipes_sp.

WP_086208570.1_Acinetobacter_sp.

WP_086639085.1_Acetobacter_okinawensis

WP_083953737.1_Thauera_butanivorans

WP_049855164.1_Dickeya_sp.

WP_102737257.1_Akkermansia_muciniphila

CDD81106.1_Dialister_sp.

SHJ17318.1_Bacteroides_stercorirosoris

EPY16156.1_Strigomonas_culicis

WP_094324440.1_Campylobacter_avium

ORX88120.1_Anaeromyces_robustus

88.6/90

95.6/92

42.1/69

78.6/61

90.4/96

94.4/99

86.4/100

96/96

78.7/59

98.7/100

78/93

100/100

79.6/39

30.8/73

84.6/90

99/100

83.2/97

97/100

98.9/100

91.8/100

98.6/99

86.7/79

75.4/44

3/34

95.2/72

93/99

99.9/100

77.5/82

90.4/35

93.3/100

36/84

94.3/100

80.6/99

0/84

84.5/78

31/75

94.2/99

86/87
11.4/40

75.2/89

78.7/59

93.1/81

94.5/100

96.3/97

94.6/100

92.6/100

90.9/69

98.4/100

91.9/99

87.9/51

80.3/42

88.2/98

79.6/67

82.9/98

98.2/100

79.1/100

90.3/83

94.3/97

0/22

50.7/77
93.7/96

89.2/95

76.9/51

77.4/75

35.8/54

40.6/99
98.1/100

82.7/87

97.1/100

81.2/97

56.3/68

88.5/90

87.7/66

100/100

0/14

94.4/100

72.2/82

85.8/89

99/100

43.1/42

95.6/92

29.9/49

83/78

0/8

99.5/100

71.3/78

90.7/99

76.1/91

98.7/100

92.6/100

95.2/94

99.9/100

99/100

100/100

77.2/78

99.6/100

89.9/100

96.6/100

73.5/74

42.5/85

36.9/89

84.2/59

100/100

85.8/84

84.7/54

43.3/100

27.1/48

11.6/72

3.1/29

88.4/46

90.7/55

95.8/99

90.6/100

98.4/100

96.8/85

90.5/92

28.6/99

69.4/95

45.4/57

D. Arginase

Diplomonads
Excavata
Amoebozoa
Opisthokonta

Firmicutes
Proteobacteria

Actinobacteria
Bacteroidetes
Other bacteria



0.3

CDD81922.1_Bacteroides_spOHT08587.1_Tritrichomonas_foetus

CDA17168.1_Clostridium_sp

CDC18151.1_Clostridium_sp

WP_071133735.1_Millionella_massiliensis

SHK75700.1_Nocardiopsis_flavescens

WP_099825248.1_Tatumella_sp._OPLPL6

WP_096818467.1_Lactococcus_fujiensis

WP_116877712.1_Streptococcus

PVY99627.1_Promicromonospora_sukumoe

WP_028042397.1_Stoquefichus_massiliensis

WP_054330574.1_Clostridia_bacterium_UC5.1_1D10

WP_109078284.1_Aggregatibacter_kilianii

WP_051177618.1_Megamonas_hypermegale

WP_005527358.1_Corynebacterium_matruchotii

WP_087298806.1_Erysipelatoclostridium_sp._An15

WP_012532408.1_Geobacter_bemidjiensis

ERK59085.1_Propionibacterium_acidifaciens_F0233

WP_099974024.1_Lactobacillus_terrae

WP_025884078.1_Prevotella_paludivivens

WP_087166272.1_Lachnoclostridium_sp._An131

WP_015414417.1_Pseudodesulfovibrio_piezophilus

WP_098045274.1_Lactobacillus_sp._UMNPBX5

WP_099836370.1_Prevotella_intermedia

ORY69397.1_Neocallimastix_californiae

CCX54127.1_Veillonella_sp

WP_026259981.1_Segetibacter_koreensis

WP_083330228.1_Lachnospira_pectinoschiza

WP_089821312.1_Clostridiales_bacterium_CHKCI001

WP_062316041.1_Lysinimicrobium

WP_074811762.1_Selenomonas_ruminantium

WP_081657256.1_Prevotella_albensis

WP_045576087.1_Desulfosporosinus_sp._I2

WP_106450436.1_Trichococcus_alkaliphilus

WP_009198913.1_Actinomyces_sp._oral_taxon_848

WP_062196460.1_Anaerolinea_thermolimosa

WP_105327055.1_Acidaminococcus_sp._Marseille_P4266

WP_041139830.1_Beduini_massiliensis

GM_14176_Giardia_muris

AAU37816.1_ARA1_Mannheimia_succiniciproducens_MBEL55E

WP_006288710.1_Parascardovia_denticolens

CDA90954.1_Ruminococcus_sp

WP_076340662.1_Dubosiella_newyorkensis

WP_047767662.1_Lactobacillus_panis

SCH78990.1_Uncharacterized_oxidoreductase_MSMEG_2408_Megasphaera_sp.

WP_093650792.1_Streptococcus_varani

WP_075326680.1_Salegentibacter_sp._T436

WP_089704102.1_Clostridiales_bacterium_CHKCI006

CDB09499.1_Bacteroides_sp

WP_074403476.1_Carnobacterium_divergens

WP_116270969.1_Sutterellaceae_bacterium_4NBBH2

WP_009299528.1_Coprobacillus_sp._3_3_56FAA

WP_065360142.1_Megasphaera_sp._DISK_18

WP_076461501.1_Lactobacillus_sp._Marseille_P3519

WP_103983581.1_Parabacteroides_chinchillae

WP_044994419.1_Lachnospiraceae_bacterium_JC7

CCY46513.1_Firmicutes_bacterium

WP_019206503.1_Lactobacillus_ingluviei

WP_095608807.1_Methanosphaera_cuniculi

ERL04649.1_Mitsuokella_sp._oral_taxon_131_str._W9106

WP_084974405.1_Lactobacillus_parabuchneri

WP_067632582.1_Erysipelothrix_larvae

WP_015616629.1_Clostridium_pasteurianum

WP_036574648.1_Olsenella_uli

WP_033116850.1_Intestinimonas_butyriciproducens

WP_025080786.1_Lactobacillus_hamsteri

WP_114525614.1_Enterococcus_gilvus

GM_20855_Giardia_muris

WP_035403754.1_Faecalitalea_cylindroides

WP_117510979.1_Blautia_sp._AM23_13AC

WP_076947562.1_Raoultella_terrigena

WP_076461605.1_Lactobacillus_sp._Marseille_P3519

WP_057739014.1_Lactobacillus_alimentarius

WP_021311154.1_Bacteroidetes_bacterium_oral_taxon_272

WP_058383956.1_Planococcus_kocurii

WP_092968851.1_Ruminococcaceae_bacterium_P7

WP_092480722.1_Desemzia_incerta

WP_005727636.1_Lactobacillus_crispatus

WP_022600934.1_Coprobacter_fastidiosus

WP_022859692.1_Bifidobacterium_magnum

WP_062774804.1_Kluyvera_intermedia

WP_087305398.1_Massiliomicrobiota_sp._An105

WP_026767377.1_Selenomonas_ruminantium

WP_099973913.1_Lactobacillus_terrae

WP_012862917.1_Sebaldella_termitidis

EDY33200.1_Ruminococcus_lactaris_ATCC_29176

WP_020489932.1_Dehalobacter_sp._FTH1

WP_021602415.1_Actinobaculum_sp._oral_taxon_183

WP_034875804.1_Bifidobacterium_moukalabense

WP_082141910.1_Dysgonomonas_macrotermitis

CCX94920.1_Bacteroides_sp

WP_094043166.1_Thermoanaerobacterium_thermosaccharolyticum

WP_115813951.1_Flavobacterium_aquicola

WP_018143461.1_Alloscardovia_criceti

WP_073451380.1_Actinomyces_denticolens

WP_073064097.1_Aliifodinibius_roseus

WP_003547292.1_Lactobacillus_acidophilus

WP_099975313.1_Lactobacillus_terrae

WP_026866506.1_Jeotgalicoccus_marinus

WP_094606168.1_Sporomusa_silvacetica

WP_007049560.1_Anaerofustis_stercorihominis

WP_058746883.1_Methanomethylophilus_sp._1R26

WP_018031069.1_Streptococcus_ferus

EDP20286.1_Faecalibacterium_prausnitzii_M21_2

WP_071457899.1_Vagococcus_teuberi

CCY26457.1_Firmicutes_bacterium

WP_079545828.1_Christensenella_massiliensis

WP_115095506.1_Listeria_fleischmannii

ESU40065.1_Giardia_intestinalis

WP_057890830.1_Lactobacillus_nantensis

WP_010456019.1_Succinivibrionaceae_bacterium_WG_1

WP_056792777.1_Streptomyces_sp._Root55

SMC64825.1_Clostridiales_bacterium

WP_034650993.1_Corynebacterium_vitaeruminis

CDD93495.1_Coprobacillus_sp

WP_091488408.1_Alkalibacterium_putridalgicola

WP_087383789.1_Faecalibacterium_sp._An122

SEH39601.1_Selenomonas_ruminantium

WP_024345071.1_Clostridium_methoxybenzovorans

EKN14537.1_Parabacteroides_merdae_CL03T12C32

CCZ81940.1_Odoribacter_laneus

WP_026994937.1_Flectobacillus_major

WP_025284019.1_Lactobacillus_helveticus

EFP60430.1_Erysipelotrichaceae_bacterium_3_1_53

WP_087203912.1_Collinsella_sp._An268

CCY37663.1_Alistipes_sp

WP_027895201.1_Megasphaera_elsdenii

WP_089649940.1_Halobacterium_hubeiense

WP_011077305.1_Mycoplasma_penetrans

WP_038117450.1_Veillonella_sp._AS16

KXK38087.1_Bacteroidetes_bacterium_OLB9

SCI75927.1_Uncharacterized_oxidoreductase_MSMEG_2407_Flavonifractor_sp.

WP_104719551.1_Helicobacter_pullorum

WP_090980744.1_Paenibacillus_sp._CF384

OJU71907.1_Microbacterium_sp._70_38

WP_020724014.1_Megasphaera_sp._BL7

CDA42471.1_Proteobacteria_bacterium

WP_097677699.1_Collinsella_vaginalis

OUM60780.1_Piromyces_sp._E2

WP_115715232.1_Eubacterium_sp._Marseille_P5640

ORY29592.1_Neocallimastix_californiae

WP_076778563.1_Lachnoclostridium_phocaeense

ESU41014.1_Giardia_intestinalis

WP_068710599.1_Tetragenococcus_solitarius

WP_016321527.1_Oscillibacter_sp._1_3

WP_109094152.1_Arcanobacterium_sp._sk1b4

WP_096402629.1_Fusobacterium_varium

WP_088087126.1_Bacillus_sp._OV166

WP_026990281.1_Flavobacterium_subsaxonicum

WP_032525544.1_Streptococcus_mutans

OUM63032.1_Piromyces_sp._E2

WP_108981088.1_Lawsonibacter_asaccharolyticus

WP_057769133.1_Lactobacillus_selangorensis

SCJ68739.1_Uncharacterized_oxidoreductase_MSMEG_2408_Eubacterium_sp.

WP_110425898.1_Bifidobacterium_asteroides

WP_108967815.1_Actinomyces

WP_071440582.1_Traorella_massiliensis

WP_107597496.1_Staphylococcus_gallinarum

WP_080481157.1_Lactobacillus_plantarum

WP_026858262.1_Jeotgalicoccus_psychrophilus

WP_116668864.1_Methanobrevibacter_woesei

WP_022848197.1_Anaerolineaceae_bacterium_oral_taxon_439

WP_022790096.1_Faecalicoccus_pleomorphus

WP_091702997.1_Microbacterium_sp._cf046

WP_048704636.1_Lactobacillus_ginsenosidimutans

WP_034613869.1_Chelonobacter_oris

WP_039143646.1_Lactobacillus_fructivorans

WP_087359130.1_Massiliomicrobiota_timonensis

WP_116877354.1_Streptococcus

WP_022032265.1_Hungatella_hathewayi

WP_036696126.1_Parascardovia_denticolens

WP_004359283.1_Prevotella_melaninogenica

WP_034804308.1_Intrasporangium_oryzae

WP_107589770.1_Staphylococcus_gallinarum

WP_014834920.1_Streptococcus_mutans

WP_087203913.1_Collinsella_sp._An268

WP_012962367.1_Streptococcus_gallolyticus

WP_037585903.1_Stenoxybacter_acetivorans

WP_057871686.1_Lactobacillus_ghanensis

GM_15823_Giardia_muris

GBF70228.1_Lawsonibacter_asaccharolyticus

WP_008791647.1_Coprobacillus_sp._8_2_54BFAA

WP_014265212.1_Granulicella_mallensis

WP_070110166.1_Synergistes_jonesii

WP_022790095.1_Faecalicoccus_pleomorphus

WP_042736721.1_Lachnospiraceae_bacterium_TWA4

WP_052188407.1_Clostridium_butyricum

CUP55071.1_Fusicatenibacter_saccharivorans

WP_005842068.1_Mitsuokella_multacida

CDB32894.1_Eggerthella_sp

WP_068731402.1_Paeniglutamicibacter_antarcticus

WP_089716778.1_Halanaerobium_congolense

WP_093321067.1_Pseudosphingobacterium_domesticum
WP_092015165.1_Pseudarcicella_hirudinis

WP_070551395.1_Lactobacillus_sp._HMSC072E07

GM_21985_Giardia_muris

WP_106384425.1_Streptococcus_anginosus

WP_117478304.1_Clostridium_sp._AF36_4

WP_012420832.1_Akkermansia_muciniphila

WP_059055946.1_Olsenella_scatoligenes

WP_073328513.1_Actinomyces_glycerinitolerans

WP_034372660.1_Helicobacter_sp._MIT_05_5293

WP_087286717.1_Clostridium_spiroforme

WP_108774514.1_Solobacterium_sp._Marseille_P4301

WP_112326943.1_Rhodothermaceae_bacterium

WP_055151978.1_Lachnospiraceae

WP_087427274.1_Bacteroides_sp._An322

WP_114317310.1_Streptococcus_gallolyticus

WP_094149473.1_Prevotellaceae_bacterium_MN60

WP_084262273.1_Ruminococcus_sp._NK3A76

WP_105326468.1_Acidaminococcus_sp._Marseille_P4266
OZG63340.1_Bifidobacterium_lemurum

WP_087183958.1_Gemmiger_sp._An87

WP_074836244.1_Ruminococcus_albus

WP_087033487.1_Trichococcus_palustris

WP_006582848.1_Thermanaerovibrio_velox

WP_087324922.1_Faecalibacterium_sp._An58

WP_022932233.1_Treponema_bryantii

WP_045088345.1_Defluviitoga_tunisiensis

WP_020617298.1_Paenibacillus_daejeonensis

WP_002269969.1_Streptococcus_mutans

OLA64968.1_Acetobacter_sp._46_36

WP_064214763.1_Lactobacillus_aviarius

WP_024999561.1_Prevotella_falsenii

WP_009427310.1_Neisseria

WP_019968974.1_Prevotella_maculosa

RGM82854.1_Ruminococcus_sp._OM06_36AC

WP_087311906.1_Alistipes_sp._An116

WP_099468172.1_Lachnospiraceae_bacterium_Marseille_P3773

WP_057890862.1_Lactobacillus_nantensis

WP_038697379.1_Sphingobacterium_sp._ML3W

WP_106829832.1_Parabacteroides_sp._Marseille_P4001

WP_006861745.1_Marvinbryantia_formatexigens

WP_010259423.1_Alistipes_timonensis

WP_036930043.1_Prevotella_sp._10H

WP_042213792.1_Paenibacillus_borealis

WP_066860503.1_Neglecta_timonensis

WP_056687515.1_Nocardioides

WP_087410032.1_Collinsella_sp._An2

WP_009142793.1_Succinatimonas_hippei

WP_041139827.1_Beduini_massiliensis

WP_052226944.1_Microbacterium_mangrovi

WP_058985973.1_Eggerthellaceae_bacterium_AT8

WP_018143791.1_Alloscardovia_criceti

WP_087397751.1_Bacteroides_sp._An51A

SCH45036.1_Clostridium_sp.

EEU30723.1_putative_morphine_6_Lactobacillus_coleohominis_101_4_CHN

SCI91687.1_Clostridium_sp.

WP_048746972.1_Capnocytophaga_ochracea

WP_016295924.1_Lachnospiraceae_bacterium_M18_1

WP_055652501.1_Hungatella_hathewayi

WP_069774968.1_Listeria_monocytogenes

WP_057879434.1_Lactobacillus_kimchiensis

WP_109414011.1_Pedobacter_sp._FJ4_8

WP_017867378.1_Lactobacillus_pobuzihii

WP_072983374.1_Megasphaera_elsdenii

WP_092606437.1_Raineyella_antarctica

WP_045092326.1_Clostridiales

WP_055162652.1_Mitsuokella_jalaludinii

ESU41345.1_Giardia_intestinalis

WP_013617921.1_Bacteroides_salanitronis

WP_033514594.1_Bifidobacterium_pullorum

WP_117117701.1_Lactobacillus_rodentium

SCI96281.1_Uncharacterized_oxidoreductase_MSMEG_2408_Clostridium_sp.

WP_009606865.1_Turicibacter_sp._HGF1

AGL62176.1_Saccharimonas_aalborgensis

WP_076642974.1_Lactobacillus_plantarum

WP_052540406.1_Lactobacillus_helveticus

WP_025080794.1_Lactobacillus_hamsteri

WP_018143589.1_Alloscardovia_criceti

CDD23268.1_Firmicutes_bacterium

WP_042486897.1_Vibrio_diazotrophicus

PWL62034.1_Bacteroidales_bacterium

WP_104317826.1_Rathayibacter

WP_067633387.1_Erysipelothrix_larvae

WP_083597486.1_Fibrobacter_sp._UWH4

WP_048930850.1_Clostridium_citroniae

WP_115715183.1_Eubacterium_sp._Marseille_P5640

CDE12195.1_Ruminococcus_sp

WP_082793753.1_Pseudopropionibacterium_propionicum

CCX93539.1_Succinatimonas_sp

CDF22132.1_Prevotella_sp

WP_018367514.1_Streptococcus_entericus

WP_068962198.1_Desulfosporosinus_sp._BG

EDY95118.1_Bacteroides_plebeius_DSM_17135

WP_041749968.1_Brachyspira_murdochii

WP_060744184.1_Pediococcus_pentosaceus

EQC94598.1_Lactococcus_lactis_subsp._cremoris_TIFN3

ERH25862.1_Actinomyces_johnsonii_F0542

WP_075423414.1_Ruminococcus_flavefaciens

WP_009606497.1_Turicibacter_sp._HGF1

WP_084674768.1_Bifidobacterium_crudilactis

WP_020063462.1_Brachyspira_hyodysenteriae

CDB29903.1_Firmicutes_bacterium

WP_081804839.1_Draconibacterium_orientale

WP_105326177.1_Acidaminococcus_sp._Marseille_P4266

KWX12065.1_Giardia_intestinalis_assemblage_B

WP_024345352.1_Clostridium_methoxybenzovorans

WP_107513236.1_Staphylococcus_gallinarum

WP_103952052.1_Lachnospira_multipara

KRK94454.1_Lactobacillus_acidifarinae_DSM_19394

WP_071133638.1_Millionella_massiliensis

WP_065550187.1_Lachnoclostridium

CDE21741.1_Acidiphilium_sp

WP_077545117.1_Rodentibacter_genomosp._2

WP_029752764.1_Streptococcus_suis

WP_114905922.1_Ornithinimicrobium_murale

WP_084073881.1_Demequina_sp._NBRC_110052

WP_059388244.1_Arthrobacter_sp._Hiyo1

SON72434.1_Lactobacillus_sakei

SCJ73418.1_Uncharacterized_oxidoreductase_MSMEG_2408_Clostridium_sp.

WP_095232684.1_Terribacillus_saccharophilus

CDE34310.1_Prevotella_stercorea

WP_002466903.1_Staphylococcus

EGG51963.1_Paraprevotella_xylaniphila_YIT_11841

WP_103952451.1_Lachnospira_multipara

WP_046948359.1_Lactobacillus_fermentum

GM_24445_Giardia_muris

SCH96326.1_Collinsella_sp.

WP_067849203.1_Alicyclobacillus_mali

WP_050341357.1_Olsenella_sp._oral_taxon_807

EFY07588.1_Succinatimonas_hippei_YIT_12066

KWW29087.1_bacterium_P3

WP_099859312.1_Paenibacillus_polymyxa

WP_054271027.1_Clostridioides_difficile

WP_042736936.1_Lachnospiraceae_bacterium_TWA4

WP_057797976.1_Pediococcus_argentinicus

WP_042433098.1_Senegalimassilia_anaerobia

WP_027090109.1_Clostridium_saccharogumia

SFE27224.1_Succiniclasticum_ruminis_DSM_9236

WP_022910254.1_Aestuariimicrobium_kwangyangense

CDD77598.1_Cryptobacterium_sp_CAG_338

WP_087365593.1_Cloacibacillus_sp._An23

EFR57161.1_Alistipes_sp._HGB5

WP_087418001.1_Blautia_sp._An81

WP_040976966.1_Necropsobacter_massiliensis

WP_091509472.1_Flexibacter_flexilis

WP_027291624.1_Rikenella_microfusus

WP_087279501.1_Eubacterium_sp._An3

WP_109250414.1_Lactobacillus_bambusae

WP_109078290.1_Aggregatibacter_kilianii

WP_087177029.1_Lachnoclostridium_sp._An76

WP_043912044.1_Kitasatospora_griseola

EFJ70152.1_Lactobacillus_gasseri_JV_V03

WP_031356001.1_Firmicutes_bacterium_M10_2

WP_028974202.1_Spirochaeta_cellobiosiphila

WP_028511303.1_Ruminococcus_sp._NK3A76

WP_081777233.1_Ruminococcus_sp._FC2018

WP_104662127.1_Enterococcus_durans

WP_076324303.1_Paenibacillus_lautus

WP_084104762.1_Demequina_sp._NBRC_110056

WP_071442660.1_Traorella_massiliensis

WP_005881227.1_Enterococcus_durans

PRY76534.1_Alkalibacterium_olivapovliticus

WP_071857343.1_Enterococcus_hermanniensis

WP_076780968.1_Lachnoclostridium_phocaeense

WP_041503740.1_Porphyromonadaceae

SDM21952.1_Kandleria_vitulina

SCH24870.1_Uncharacterized_oxidoreductase_MSMEG_2408_Clostridium_sp.

OUM66292.1_Piromyces_sp._E2

WP_033507430.1_Bifidobacterium_gallinarum

WP_026641955.1_Bifidobacterium_tsurumiense

WP_078009929.1_Lactobacillus_reuteri

WP_021588498.1_Prevotella_baroniae

WP_027129902.1_Gemella_cuniculi

WP_012073043.1_Actinobacillus_succinogenes

WP_077894787.1_Clostridium_felsineum

WP_018378442.1_Streptococcus_ovis

WP_075013151.1_Geodermatophilus_obscurus

WP_085246742.1_Gilliamella_mensalis

WP_057487909.1_Streptococcus_pneumoniae

SCJ49738.1_Uncharacterized_oxidoreductase_MSMEG_2408_Butyricicoccus_sp.

WP_103662159.1_Lactobacillus_sp._HT06_2

WP_057769134.1_Lactobacillus_selangorensis

WP_062520281.1_Lysinimicrobium_luteum

WP_105988368.1_Lactobacillus_timberlakei

OLA78614.1_Melainabacteria_bacterium_35_41

WP_026747003.1_Leptotrichia_hofstadii

ESU43279.1_Giardia_intestinalis

WP_116855747.1_Chitinophaga_sp._K20C18050901

WP_102372460.1_Enorma_phocaeensis

WP_087287334.1_Pseudoflavonifractor_sp._An184

WP_070788700.1_Floricoccus_penangensis

WP_113715752.1_Bacillus_endophyticus

CDC20384.1_Eubacterium_sp

CDE16464.1_Clostridium_sp

WP_087409776.1_Collinsella_sp._An2

SCI27651.1_Uncharacterized_oxidoreductase_MSMEG_2408_Bacteroides_sp.

WP_117451591.1_Clostridium_citroniae

WP_009985140.1_Ruminococcus_flavefaciens

WP_102365833.1_Monoglobus_pectinilyticus

WP_093142065.1_Ruminobacter_amylophilus

WP_069469255.1_Lactobacillus_salivarius

SFM13553.1_Enterococcus_mundtii

WP_037476974.1_Sphaerotilus_natans

WP_057706004.1_Lactobacillus_xiangfangensis

WP_062177010.1_Dysgonomonas_macrotermitis

WP_077385558.1_Bifidobacterium_longum

CDB77097.1_Blautia_sp

WP_014847419.1_Pseudopropionibacterium_propionicum

WP_089821854.1_Clostridiales_bacterium_CHKCI001

WP_101877330.1_Lachnoclostridium_edouardi

CCZ47628.1_2_5_Bacteroides_sp

WP_092757279.1_Albidiferax_sp._OV413

WP_019780780.1_Streptococcus_sobrinus

WP_057234302.1_Bacillus_sp._Root147

KRL13589.1_Lactobacillus_zymae_DSM_19395

WP_093026048.1_Pustulibacterium_marinum

KJZ87972.1_Clostridium_sp._IBUN22A

WP_003142291.1_Aerococcus_viridans

WP_071141866.1_Acidaminococcus_timonensis

WP_040468343.1_Lactobacillus_gastricus

WP_044037452.1_Clostridium_bornimense
WP_055281704.1_Dorea_longicatena

RGF65971.1_Ruminococcus_sp._AF34_12

WP_027130800.1_Gemella_cuniculi

AEI57319.1_Lactobacillus_reuteri_SD2112

KIR03687.1_Lachnospiraceae_bacterium_TWA4

CCX40462.1_Firmicutes_bacterium

WP_115268028.1_Streptococcus_hyointestinalis

WP_003617566.1_Komagataeibacter_hansenii

WP_074501932.1_Megasphaera_cerevisiae

EFW89189.1_Streptococcus_equinus_ATCC_9812

WP_009300283.1_Coprobacillus_sp._3_3_56FAA

WP_108599872.1_Arthrobacter_sp._HMWF013

WP_003754528.1_Neisseria_polysaccharea

WP_103952450.1_Lachnospira_multipara

SHN07103.1_Fibrobacter_sp._UWR3

WP_016521625.1_Treponema_socranskii

WP_026966512.1_Algoriphagus_terrigena

WP_073032471.1_Desulfosporosinus_lacus

CDE75587.1_Sutterella_sp

WP_028511309.1_Ruminococcus_sp._NK3A76

WP_072980438.1_Fibrobacter_sp._UWH4

WP_034494082.1_Actinomyces_gerencseriae

WP_087304370.1_Massiliomicrobiota_sp._An105

OUM60655.1_Piromyces_sp._E2

WP_117142806.1_Ruminococcaceae_bacterium_KLE1738

BAQ24462.1_Streptococcus_troglodytae

WP_068906173.1_Porphyromonadaceae_bacterium_H1

WP_036070377.1_Listeria_aquatica

WP_070853346.1_Staphylococcus

WP_077071220.1_Mailhella_massiliensis

SCH96235.1_Uncharacterized_oxidoreductase_MSMEG_2408_Collinsella_sp.

CDD79473.1_Dialister_sp

WP_056983686.1_Lactobacillus_oris

GAF35526.1_Lactobacillus_farraginis_DSM_18382_JCM_14108

WP_010532230.1_Lentibacillus_jeotgali

WP_054735732.1_Lactobacillus_similis

ORY26218.1_Neocallimastix_californiae

PWL59861.1_Bacteroidales_bacterium

WP_042692261.1_Methanobrevibacter_oralis

WP_043391492.1_Mycobacteriaceae

WP_055278016.1_Clostridium_disporicum

WP_050710330.1_Dysgonomonas_sp._HGC4

WP_010624570.1_Lactobacillus_versmoldensis

WP_076340661.1_Dubosiella_newyorkensis

WP_056958924.1_Lactobacillus_murinus

WP_008420513.1_Clostridium_sp._LS

CUX74395.1_Clostridium_sp._C105KSO14

WP_077894788.1_Clostridium_felsineum

CCX54126.1_Veillonella_sp

WP_027108318.1_Lacticigenium_naphtae

WP_062079884.1_Bacteroidales_bacterium_6E

WP_055121838.1_Corynebacterium_oculi

SCI54455.1_Ruminococcus_sp.

WP_006861732.1_Marvinbryantia_formatexigens

CDD63070.1_Firmicutes_bacterium_CAG_341

PXV59387.1_Dysgonomonas_alginatilytica

WP_018372841.1_Streptococcus_merionis

WP_026430613.1_Actinomyces_georgiae

WP_026730051.1_Flavobacterium_denitrificans

WP_099156965.1_Virgibacillus_ndiopensis

WP_087166286.1_Lachnoclostridium_sp._An131

WP_101429974.1_Bifidobacterium_pseudolongum

WP_034289074.1_Helicobacter_sp._MIT_11_5569

WP_073107420.1_Hespellia_stercorisuis

WP_018375746.1_Streptococcus_orisratti

WP_075280856.1_Olsenella_provencensis

WP_057891498.1_Lactobacillus_nantensis

WP_044503671.1_Megasphaera_massiliensis

WP_083565698.1_Actinomyces_glycerinitolerans

WP_016358697.1_Methanobrevibacter_sp._AbM4

WP_110847946.1_Duganella

WP_101873121.1_Lactobacillus_pentosus

WP_115470714.1_Weissella_thailandensis

ORX78128.1_Anaeromyces_robustus

WP_087406842.1_Bacteroides_sp._An279

WP_044503642.1_Megasphaera_massiliensis

WP_087304699.1_Massiliomicrobiota_sp._An105

WP_034534347.1_Bifidobacterium_tsurumiense

KWW32695.1_bacterium_F083

WP_013757373.1_Treponema_brennaborense

ESU40122.1_Giardia_intestinalis

WP_087300683.1_Erysipelatoclostridium

WP_006007814.1_Desulfovibrio_piger

WP_065868408.1_Streptococcus_mutans

WP_008394552.1_Clostridium_sp._M62_1

WP_087232146.1_Anaeromassilibacillus_sp._An250

WP_097800249.1_Faecalibacterium_prausnitzii

WP_036084674.1_Listeria_booriae

WP_067062474.1_Streptococcus_pantholopis

WP_056539417.1_Marmoricola_sp._Leaf446

WP_038668001.1_Pelosinus_sp._UFO1
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95.5/96

82.3/82

5.1/42

58.2/100

77.3/89

60/98

97.4/99

92.8/100

94.1/81

100/100

99.1/100

66.4/15

78.7/97

88.7/100

100/100

94.3/100

99.9/100

53.1/100

95.3/99

83.3/100

70.8/59

83.6/75

98.8/100

25.9/72

36.3/95

99.1/100

68.6/23

54.1/99

89.6/100

19.6/82

0/80

55/12

78.2/70

94.2/100

92.6/99

88.6/100

86.3/100

59.4/69

84.5/38

59.9/92

89.8/89

73.8/22

79.5/89

82.4/39

94.1/100

92.4/100

29.8/30

88.1/100

78.7/100

81.8/39
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87.2/96
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73.7/92

68.9/93

25/75

84.9/63

84.4/92
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0/72

0/10

94.4/99

24/92

83.6/45

73.2/72

33.7/2

38/89
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90.8/95

98.8/100
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79.1/100

60.4/95

96.4/100

88.4/100

84.1/100

96.8/97

41.8/76
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99.2/100

99.1/100
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98.1/100

83/98

96.1/100

96.3/100
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77.8/92

42.7/70

96/100
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84.9/100

98.9/100

94.5/100

91.6/96

90.2/99

50.5/60

56/71

83.6/81

83.9/20

83.2/95

93.6/100

47.6/94

91.4/100

66.2/11

80.9/30

98.8/100

26.8/86

99.6/100

93.9/29

92/100

64/95

88.7/99

73.8/79

71.2/93

32.2/91

98.3/100

83.4/89

95.8/100

99/100

49/21

23.4/90

97.5/64

83.3/77

29.4/92

57.3/98

79.7/89

59.6/100

92.6/86

60.8/76

100/100

89.8/93

38.5/73

79.3/99

82.2/87

93.1/94

99.3/100

99.9/100

61.1/87

87.8/93

72.5/89

71.2/49

89.5/99

92.2/75

86.3/100

50.4/100

73/90

99.2/100

59.1/100

17.8/75

19.4/19

97.8/100

E . 2,5-diketo-D-
gluconic acid
reductase 1

Diplomonads

Firmicutes
Proteobacteria

Actinobacteria
Bacteroidetes
Other bacteria



0.3

WP_047481525.1_Chryseobacterium_sp._CF356

WP_025486713.1_Clostridiales_bacterium_VE202_28

WP_104021005.1_Streptococcus_salivarius

WP_114525614.1_Enterococcus_gilvus

WP_057871686.1_Lactobacillus_ghanensis

WP_089742927.1_Chryseobacterium_taihuense

WP_024345071.1_Clostridium_methoxybenzovorans

WP_055278016.1_Clostridium_disporicum

CDC18147.1_Clostridium_sp

WP_099859312.1_Paenibacillus_polymyxa

KWW29078.1_bacterium_P3

AKM79985.1_Saccharibacteria_bacterium_GW2011_GWC2_44_17

WP_020489932.1_Dehalobacter_sp._FTH1

WP_087763934.1_Streptomyces_sp._CS057

GM_10357_Giardia_muris

WP_076780968.1_Lachnoclostridium_phocaeense

WP_115095506.1_Listeria_fleischmannii

AAP77631.1_Helicobacter_hepaticus_ATCC_51449

WP_073161021.1_Halanaerobium_congolense

WP_048928369.1_Parabacteroides

WP_076576692.1_Aeromonas_sp._RU39B
WP_089085428.1_Aquitalea_magnusonii

WP_087325125.1_Faecalibacterium_sp._An58

WP_087409776.1_Collinsella_sp._An2

WP_008425302.1_Clostridium_sp._LS

WP_104689180.1_Lactobacillus_pontis

WP_020063462.1_Brachyspira_hyodysenteriae

WP_057604854.1_Streptomyces_sp._Root1310

WP_087220053.1_Blautia_sp._An249

WP_006860314.1_Marvinbryantia_formatexigens

WP_097800249.1_Faecalibacterium_prausnitzii

WP_044503642.1_Megasphaera_massiliensis

WP_026679337.1_Fictibacillus_gelatini

WP_092416661.1_Collimonas_sp._OK307

WP_003643430.1_Lactobacillus

WP_022032265.1_Hungatella_hathewayi

WP_054649901.1_Lactobacillus_pantheris

RGM09792.1_Bacteroides_stercoris

GBF71441.1_Lawsonibacter_asaccharolyticus

KJZ87972.1_Clostridium_sp._IBUN22A

WP_101722087.1_Eggerthella_timonensis

SBW06930.1_Dysgonomonas_sp.

WP_047050210.1_Klebsiella_aerogenes

WP_020617298.1_Paenibacillus_daejeonensis

WP_075579605.1_Acidaminococcus_massiliensis

WP_018363510.1_Streptococcus_caballi

WP_104908482.1_Nostoc_sp._Lobaria_pulmonaria_5183_cyanobiont

WP_009658646.1_Selenomonas

WP_021588498.1_Prevotella_baroniae

WP_033116850.1_Intestinimonas_butyriciproducens

EYF08224.1_Chondromyces_apiculatus_DSM_436

WP_070123738.1_Alteromonas_confluentis

WP_036696126.1_Parascardovia_denticolens

WP_076450919.1_Chryseobacterium_piscicola

SHE35326.1_Cnuella_takakiae

WP_047481523.1_Chryseobacterium_sp._CF356

WP_045093933.1_Clostridium_sp._FS41

WP_105176717.1_Clostridium_sp._Marseille_P4344

WP_055095901.1_Gabonia_massiliensis

WP_026866506.1_Jeotgalicoccus_marinus

ETD23404.1_Helicobacter_macacae_MIT_99_5501

WP_026406585.1_Actinomyces_gerencseriae

CDE12195.1_Ruminococcus_sp

EKX99078.1_Aggregatibacter_actinomycetemcomitans_Y4

WP_056687515.1_Nocardioides

WP_022790095.1_Faecalicoccus_pleomorphus

WP_019241250.1_Bacillus_massilioanorexius

WP_088163591.1_Sphingobacterium_sp._G1_14

WP_029515214.1_Paenibacillus_polymyxa

WP_008420513.1_Clostridium_sp._LS

WP_099973913.1_Lactobacillus_terrae

WP_076340661.1_Dubosiella_newyorkensis

WP_026966512.1_Algoriphagus_terrigena

PLT48036.1_Paenibacillus_pasadenensis

WP_106811268.1_Prevotella_sp._Marseille_P4119

WP_076371884.1_Bacillus_simplex

WP_079545828.1_Christensenella_massiliensis

WP_056539417.1_Marmoricola_sp._Leaf446

WP_058931021.1_Pseudarthrobacter_sulfonivorans

WP_109078290.1_Aggregatibacter_kilianii

OBW40730.1_Chryseobacterium_sp._MOF25P

WP_044097009.1_Bacteroides_sp._14A

WP_093026048.1_Pustulibacterium_marinum

WP_066716281.1_Clostridium_sp._Marseille_P299

WP_094764041.1_Luteococcus_japonicus

WP_089696729.1_Chryseobacterium_culicis

WP_057864832.1_Lactobacillus_diolivorans

GM_14480_Giardia_muris

WP_090721862.1_Atribacteria_bacterium_JGI_0000014_F07

WP_015769656.1_Leptotrichia_buccalis

WP_099409370.1_Janthinobacterium_sp._BJB304

WP_116270851.1_Sutterellaceae_bacterium_4NBBH2

WP_066299580.1_Arthrobacter_luteolus

WP_087221361.1_Lachnoclostridium_sp._An14

CBL36441.1_butyrate_producing_bacterium_SM41

WP_104804795.1_Blautia_marasmi

WP_057001369.1_Carnobacterium_maltaromaticum

WP_073114442.1_Fibrobacter_sp._UWCM

WP_103751713.1_Lactobacillus_sp._2_3

CDD81922.1_Bacteroides_sp

ADI14746.1_Truepera_radiovictrix_DSM_17093

WP_008147931.1_Parabacteroides_johnsonii
WP_087225163.1_Olsenella_sp._An270

WP_105297889.1_Apibacter_sp._wkB309

ORX81123.1_Anaeromyces_robustus

WP_014773073.1_Belliella_baltica

WP_027290473.1_Rikenella_microfusus

RGN94365.1_Bacteroides_uniformis

WP_092194266.1_Desulfomicrobium_norvegicum

CDA27924.1_Lactobacillus_amylovorus

WP_062520281.1_Lysinimicrobium_luteum

WP_046213777.1_Paenibacillus_wulumuqiensis

WP_085212272.1_Streptomyces_sp._Amel2xC10

WP_085049344.1_Citrobacter_werkmanii

WP_018142924.1_Alloscardovia_criceti

WP_067624987.1_Alicyclobacillus_acidiphilus

WP_065297615.1_Vibrio_natriegens

WP_092606437.1_Raineyella_antarctica

WP_027130800.1_Gemella_cuniculi

WP_091488408.1_Alkalibacterium_putridalgicola

CEA07139.1_putative_oxidoreductaseMSMEI_2347_Arthrobacter_saudimassiliensis

WP_033165271.1_Clostridium_sp._KNHs205

WP_047797961.1_Pedobacter_sp._BMA

WP_096736856.1_Brachyspira_sp._G79

WP_009142260.1_Succinatimonas_hippei

WP_033610515.1_Lactobacillus

WP_055259448.1_Clostridium_ventriculi

WP_095629273.1_Megasphaera_sp._ASD88

WP_050696848.1_Anaeromassilibacillus_senegalensis

WP_057890830.1_Lactobacillus_nantensis

WP_102090574.1_Psychrobacter_sp._4Bb

WP_083545698.1_Fibrobacter_sp._UWOS

WP_099836370.1_Prevotella_intermedia

CUU84291.1_Campylobacter_fetus_subsp._fetus

KRM77834.1_Lactobacillus_collinoides_DSM_20515_JCM_1123

WP_028401168.1_Bacillus_panaciterrae

WP_039143646.1_Lactobacillus_fructivorans

WP_041432545.1_Syntrophothermus_lipocalidus

XP_011134458.1_Gregarina_niphandrodes

WP_055151978.1_Lachnospiraceae

WP_056947150.1_Lactobacillus_odoratitofui

GAF11077.1_Bacillus_sp._JCM_19045

WP_105186476.1_Micropruina_glycogenica

SCJ66814.1_Flavonifractor_sp.

OCA84425.1_Bacillus_sp._FJAT_27225

EFR57161.1_Alistipes_sp._HGB5

CUN34058.1_Turicibacter_sanguinis

WP_015267911.1_Echinicola_vietnamensis

CUP06806.1_Uncharacterized_oxidoreductase_MSMEG_2408_Roseburia_hominis

WP_075573195.1_Colibacter_massiliensis

WP_006861745.1_Marvinbryantia_formatexigens

WP_096466172.1_Aneurinibacillus_soli

WP_078106395.1_Arthrobacter_sp._SRS_W_1_2016

WP_070792084.1_Floricoccus_tropicus

WP_047798407.1_Pedobacter_sp._BMA

WP_049686853.1_Dakarella_massiliensis

WP_022910254.1_Aestuariimicrobium_kwangyangense

WP_054330574.1_Clostridia_bacterium_UC5.1_1D10

WP_023374409.1_Staphylococcus

WP_026858262.1_Jeotgalicoccus_psychrophilus

WP_013757373.1_Treponema_brennaborense

WP_028517365.1_Ruminococcus_flavefaciens

WP_034977528.1_Lactobacillus_sp._wkB10

WP_015504840.1_Methanomethylophilus_alvus

WP_088301310.1_Pedobacter_sp._AJM

WP_057797976.1_Pediococcus_argentinicus

OJG99268.1_Enterococcus_termitis

WP_062177010.1_Dysgonomonas_macrotermitis

WP_024999561.1_Prevotella_falsenii

WP_095217588.1_Terribacillus_saccharophilus

WP_036930043.1_Prevotella_sp._10H

WP_065620111.1_Gilliamella_apicola

WP_007049560.1_Anaerofustis_stercorihominis

WP_097800117.1_Faecalibacterium_prausnitzii

WP_042736682.1_Lachnospiraceae_bacterium_TWA4

WP_056822982.1_Nocardia

WP_056974171.1_Lactobacillus_floricola

WP_094043166.1_Thermoanaerobacterium_thermosaccharolyticum

WP_027108318.1_Lacticigenium_naphtae

WP_116737040.1_Filimonas_sp._YR581

WP_087410050.1_Collinsella_sp._An2

WP_042737701.1_Staphylococcus_gallinarum

WP_088839160.1_Listeria

WP_087170394.1_Gemmiger_sp._An120

WP_048828259.1_Bacillus_sp._B_jedd

WP_048251837.1_Burkholderia_cepacia

WP_038668001.1_Pelosinus_sp._UFO1

WP_074501932.1_Megasphaera_cerevisiae

WP_085246742.1_Gilliamella_mensalis

WP_114498169.1_Fontibacillus_phaseoli

AEQ22280.1_Acidaminococcus_intestini_RyC_MR95

WP_034594557.1_Hamadaea_tsunoensis

WP_105137273.1_Streptococcus_suis

SFE31976.1_Spirosoma_endophyticum

WP_109229002.1_Miniimonas_sp._PCH200

WP_068705774.1_Paludibacter_jiangxiensis

WP_027089052.1_Clostridium_saccharogumia

WP_087256426.1_Clostridium_spiroforme

SCJ49738.1_Uncharacterized_oxidoreductase_MSMEG_2408_Butyricicoccus_sp.

WP_044994419.1_Lachnospiraceae_bacterium_JC7

WP_013546521.1_Bacteroides_helcogenes

WP_006784775.1_Turicibacter_sanguinis

WP_074840905.1_Succinivibrio_dextrinosolvens

WP_116723650.1_Flavobacterium_sp._RB1R5

WP_114545288.1_Eggerthella_sinensis

WP_034804308.1_Intrasporangium_oryzae

WP_035052929.1_Carnobacterium_pleistocenium

WP_042164681.1_Streptomyces

WP_095261184.1_Terribacillus_saccharophilus

WP_085365959.1_Neisseria_dentiae

WP_075326680.1_Salegentibacter_sp._T436

WP_021385299.1_Clostridioides_difficile

WP_073032471.1_Desulfosporosinus_lacus

SCH78499.1_Eubacterium_sp.

WP_004005070.1_Rothia

WP_087166272.1_Lachnoclostridium_sp._An131

WP_092480722.1_Desemzia_incerta

CUU40254.1_Helicobacter_typhlonius

EFY07588.1_Succinatimonas_hippei_YIT_12066

CDB36108.1_Phascolarctobacterium_sp

WP_106384425.1_Streptococcus_anginosus

WP_046442811.1_Catabacter_hongkongensis

WP_117168919.1_Paraliobacillus_sediminis

WP_032092846.1_Necropsobacter_rosorum

WP_114996640.1_Helicobacter_fennelliae

WP_005919951.1_Pediococcus_acidilactici

WP_070765859.1_Fusobacterium_sp._HMSC064B11

WP_010532230.1_Lentibacillus_jeotgali

WP_068731402.1_Paeniglutamicibacter_antarcticus

WP_057234302.1_Bacillus_sp._Root147

WP_042692261.1_Methanobrevibacter_oralis

WP_074627769.1_Streptococcus_gallolyticus

EMI14089.1_Bacillus_stratosphericus_LAMA_585

WP_009198913.1_Actinomyces_sp._oral_taxon_848

WP_008730253.1_Actinomyces_massiliensis

WP_116668864.1_Methanobrevibacter_woesei

WP_110323770.1_Hungatella_effluvii

OUM83561.1_Caldibacillus_debilis

WP_029752764.1_Streptococcus_suis

WP_074688616.1_Kandleria_vitulina

CCY78763.1_Brachyspira_sp

GAY79324.1_Lactobacillus_kosoi

STQ88784.1_Helicobacter_pullorum

WP_106626980.1_Selenomonas_massiliensis

WP_092746373.1_Acinetobacter_boissieri

WP_073064097.1_Aliifodinibius_roseus

WP_018143589.1_Alloscardovia_criceti

WP_109094152.1_Arcanobacterium_sp._sk1b4

WP_075074936.1_Longilinea_arvoryzae

WP_117543283.1_Bacteroides_sp._AM18_9

WP_062523350.1_Paenibacillus_jilunlii

SFV31733.1_Crenotalea_thermophila

WP_110850676.1_Georgenia_satyanarayanai

WP_098901431.1_Bacillus_megaterium

WP_115543367.1_Helicobacter_sp._MIT_17_337

SFM13553.1_Enterococcus_mundtii

WP_037476974.1_Sphaerotilus_natans

ERI72456.1_Clostridium_sp._KLE_1755

WP_010259423.1_Alistipes_timonensis

EDS17972.1_Erysipelatoclostridium_ramosum_DSM_1402

WP_007881634.1_Herbaspirillum_sp._CF444

WP_049187041.1_Alloscardovia_omnicolens

WP_056449749.1_Massilia_sp._Root335

WP_091698830.1_Methanobrevibacter_gottschalkii

PRY76534.1_Alkalibacterium_olivapovliticus

WP_021295306.1_Alicyclobacillus_acidoterrestris

WP_065219536.1_Butyricimonas_sp._Marseille_P2440

WP_081208636.1_Geobacillus_sp._46C_IIa

WP_074836244.1_Ruminococcus_albus

WP_058302466.1_Gorillibacterium_timonense

WP_006063792.1_Corynebacterium_durum

SCI69753.1_Ruminococcus_sp.

WP_035352776.1_Bacillus_ginsengihumi

WP_117482309.1_Eubacterium_rectale

KIR03687.1_Lachnospiraceae_bacterium_TWA4

WP_033516750.1_Bifidobacterium_scardovii

WP_086973948.1_Caballeronia_glebae

WP_042213792.1_Paenibacillus_borealis

ERI99685.1_Clostridium_sp._ATCC_29733

WP_066875054.1_Clostridium_mediterraneense

WP_092649968.1_Isobaculum_melis

WP_037585903.1_Stenoxybacter_acetivorans

WP_112060117.1_Helicobacter_sp._16_1353

WP_087380772.1_Flavonifractor_sp._An135

WP_050346286.1_Campylobacter_gracilis

WP_020214266.1_Flavobacterium_rivuli

WP_105961609.1_Lactobacillus_pentosus

WP_022859692.1_Bifidobacterium_magnum

WP_017176964.1_Actinomyces_timonensis

GM_23924_Giardia_muris

WP_076021036.1_Betaproteobacteria_bacterium_GR16_43

WP_037402973.1_Solirubrobacterales_bacterium_URHD0059

WP_101662239.1_Bacillus_sp._V3_13

CCZ47628.1_Bacteroides_sp

WP_087297876.1_Massiliomicrobiota_sp._An134

WP_027890175.1_Megamonas_hypermegale

WP_062346992.1_Novosphingobium_sp._CCH12_A3

WP_088460728.1_Lactobacillus_fermentum

BAJ62797.1_Anaerolinea_thermophila_UNI_1

KLU73441.1_Robinsoniella_sp._RHS

WP_104719551.1_Helicobacter_pullorum

WP_018467112.1_Meiothermus_timidus

WP_072982624.1_Megasphaera_elsdenii

WP_027129921.1_Gemella_cuniculi

WP_002959490.1_Streptococcus_sobrinus

CCZ81940.1_Odoribacter_laneus

WP_071457899.1_Vagococcus_teuberi

WP_075572449.1_Colibacter_massiliensis

WP_077894788.1_Clostridium_felsineum

WP_003547292.1_Lactobacillus_acidophilus

WP_068225764.1_Lactobacillus_backii

WP_029759073.1_Fusobacterium_nucleatum

WP_066719170.1_Clostridium_sp._Marseille_P299

CDA21518.1_Bacteroides_sp

WP_089649940.1_Halobacterium_hubeiense

WP_011529310.1_Deinococcus_geothermalis

WP_081539004.1_Lactobacillus_salivarius

WP_045688818.1_Hymenobacter_sp._AT01_02

SCJ42871.1_Ruminococcus_sp.

WP_082232224.1_Lactobacillus_hokkaidonensis

WP_021311154.1_Bacteroidetes_bacterium_oral_taxon_272

WP_005523191.1_Corynebacterium_matruchotii

WP_018031069.1_Streptococcus_ferus

SCH79066.1_Megasphaera_sp.

WP_010423454.1_Anaerophaga_thermohalophila

WP_048746972.1_Capnocytophaga_ochracea

EPH06037.1_Propionibacterium_sp._oral_taxon_192_str._F0372

WP_041960356.1_Sulfurospirillum_arsenophilum

WP_076614234.1_Lactobacillus_allii

WP_048930850.1_Clostridium_citroniae

WP_028974202.1_Spirochaeta_cellobiosiphila

WP_005690685.1_Lactobacillus

WP_070853346.1_Staphylococcus

WP_031147654.1_Streptomyces_xanthophaeus

CDD59735.1_Eggerthella_sp

WP_043391492.1_Mycobacteriaceae

WP_028610240.1_Paenibacillus_harenae

WP_104054453.1_Arthrobacter

WP_041503740.1_Porphyromonadaceae

WP_062309887.1_Alicyclobacillus_sendaiensis

WP_099468172.1_Lachnospiraceae_bacterium_Marseille_P3773

WP_027976644.1_Streptococcus_devriesei

WP_097099663.1_Rhizobium_sp._AN6A

WP_087300683.1_Erysipelatoclostridium

WP_065360142.1_Megasphaera_sp._DISK_18

WP_028581594.1_Desulfobulbus_japonicus

WP_009368681.1_Bilophila_sp._4_1_30

WP_068712941.1_Vibrio_tritonius

OHT08587.1_Tritrichomonas_foetus

WP_108097718.1_Pseudomonas

WP_115813951.1_Flavobacterium_aquicola

SFR92376.1_Microbacterium_sp._cf046

WP_069699955.1_Enterococcus_rivorum

CCX54127.1_Veillonella_sp

CDA42471.1_Proteobacteria_bacterium

WP_010047447.1_Streptomyces_chartreusis

REK64002.1_Cohnella_sp.

WP_009528065.1_Peptoanaerobacter_stomatis
SCJ57539.1_Clostridium_sp.

CVI65248.1_Eubacteriaceae_bacterium_CHKCI004

WP_101661366.1_Bacillus_sp._V3_13

WP_092015165.1_Pseudarcicella_hirudinis

WP_022528442.1_Lactobacillus_shenzhenensis

WP_087237324.1_Flavonifractor_sp._An10

WP_052188407.1_Clostridium_butyricum

WP_071149748.1_Bacteroides_ndongoniae

ESB02009.1_Klebsiella_pneumoniae_909957

WP_109690389.1_Tumebacillus_permanentifrigoris

WP_092910050.1_Algoriella_xinjiangensis

WP_035471122.1_Rikenellaceae

WP_014097570.1_Bacillus_coagulans

WP_054200057.1_Clostridium_baratii

WP_109250414.1_Lactobacillus_bambusae

WP_083303573.1_Enterococcus

WP_102729322.1_Akkermansia_muciniphila

WP_031469851.1_Sciscionella_sp._SE31

WP_006007814.1_Desulfovibrio_piger

WP_087418001.1_Blautia_sp._An81

WP_061436955.1_Bacteroides_intestinalis

WP_087232146.1_Anaeromassilibacillus_sp._An250

WP_027291624.1_Rikenella_microfusus

WP_021621339.1_Aneurinibacillus_aneurinilyticus

WP_077894787.1_Clostridium_felsineum

WP_038697379.1_Sphingobacterium_sp._ML3W

WP_107013607.1_Gramella_sp._SH35

WP_087244819.1_Massiliomicrobiota

WP_089688319.1_Catalinimonas_alkaloidigena

CCY26457.1_Firmicutes_bacterium

WP_110041983.1_Paenibacillus_cellulosilyticus

WP_087277186.1_Muribaculum

WP_092431648.1_Collimonas_sp._OK607

WP_089610647.1_Dehalobacterium_formicoaceticum

PYG42665.1_Geodermatophilus_sp._DSM_44511

WP_016521625.1_Treponema_socranskii

WP_025423742.1_Sodalis_praecaptivus

CDC20384.1_Eubacterium_sp

WP_091652615.1_Megasphaera_paucivorans

CNH67076.1_Mycobacterium_tuberculosis

WP_003798477.1_Kingella_oralis

SDK71182.1_Jeotgalicoccus_halophilus

WP_062774804.1_Kluyvera_intermedia

WP_026994937.1_Flectobacillus_major

WP_021602415.1_Actinobaculum_sp._oral_taxon_183

WP_068621185.1_Trichococcus_ilyis

WP_093026039.1_Pustulibacterium_marinum

WP_069644783.1_Enterococcus_ureasiticus

WP_027304896.1_Campylobacter_cuniculorum

REJ11894.1_Paenibacillaceae_bacterium

EFW89189.1_Streptococcus_equinus_ATCC_9812

WP_062809971.1_Komagataeibacter

WP_026767377.1_Selenomonas_ruminantium

WP_048925726.1_Clostridium_sp._1_1_41A1FAA

EGG51963.1_Paraprevotella_xylaniphila_YIT_11841

WP_027410510.1_Anoxybacillus_tepidamans

WP_027100695.1_Comamonadaceae_bacterium_URHA0028

WP_012119583.1_Roseiflexus_castenholzii

KXU57113.1_Streptococcus_salivarius

WP_046226445.1_Paenibacillus_dauci

WP_095608807.1_Methanosphaera_cuniculi

WP_073777710.1_Streptomyces_sp._MJM1172

WP_037283845.1_Saccharibacillus_sacchari

WP_021011977.1_Corynebacterium_argentoratense

WP_034613869.1_Chelonobacter_oris

WP_040219939.1_Collinsella_sp._MS5

WP_116877336.1_Streptococcus

ERL04649.1_Mitsuokella_sp._oral_taxon_131_str._W9106

CDE14282.1_Clostridium_sp

OLA86066.1_Verrucomicrobia_bacterium

WP_057745544.1_Weissella_viridescens

CDD77598.1_2_5_Cryptobacterium_sp

WP_110847946.1_Duganella

EHL98567.1_Lactobacillus_parafarraginis_F0439

EEI70124.1_Lactobacillus_brevis_subsp._gravesensis_ATCC_27305

WP_072771258.1_Desulfitobacterium_chlororespirans

WP_047154109.1_Aneurinibacillus_tyrosinisolvens

WP_008301755.1_Paraglaciecola_agarilytica

WP_115590333.1_Brachyspira_pilosicoli

WP_045088345.1_Defluviitoga_tunisiensis

WP_109324808.1_Pseudarcicella_sp._HME7025

WP_046782511.1_Lactococcus_lactis

WP_087183958.1_Gemmiger_sp._An87

WP_091533944.1_Alistipes_sp._CHKCI003

WP_105327440.1_Acidaminococcus_sp._Marseille_P4266

EDY95118.1_Bacteroides_plebeius_DSM_17135

WP_065550117.1_Lachnoclostridium

WP_065798127.1_Gilliamella_apicola

WP_045935870.1_Bifidobacterium_asteroides

WP_104717825.1_Helicobacter_trogontum

WP_011941142.1_Geobacter_uraniireducens

WP_099825248.1_Tatumella_sp._OPLPL6

WP_033514590.1_Bifidobacterium_pullorum

WP_015414417.1_Pseudodesulfovibrio_piezophilus

WP_101912976.1_Megasphaera_sp._Marseille_P4857

WP_087203912.1_Collinsella_sp._An268

WP_091229637.1_Anaerobium_acetethylicum

WP_071133735.1_Millionella_massiliensis

WP_107513236.1_Staphylococcus_gallinarum

WP_098310667.1_Bacillus_sp._AFS018417

WP_015616629.1_Clostridium_pasteurianum

WP_047798405.1_Pedobacter_sp._BMA

WP_064214763.1_Lactobacillus_aviarius

WP_057819193.1_Lactobacillus_perolens

WP_057739568.1_Lactobacillus_alimentarius
SCB83660.1_Weissella_bombi

CDB32894.1_2_5_Eggerthella_sp

WP_040976966.1_Necropsobacter_massiliensis

WP_055144182.1_Jiulongibacter_sediminis
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WP_075877579.1_Merdibacter_massiliensis

CCZ06804.1_Clostridium_sp._CAG_127

WP_028660472.1_Nocardioides_insulae

KYH43326.1_Branchiibius_sp._NY16_3462_2

RAP52696.1_Methanosphaera_sp._SHI613

WP_084300708.1_Clostridium_saccharogumia

WP_095627679.1_Helicobacter_sp._TUL

CDB52818.1_Azospirillum_sp._CAG_239

WP_039312653.1_Mycolicibacterium_setense

CCZ71709.1_Bacteroides_caccae_CAG_21

ARJ57455.1_Campylobacter_cuniculorum_DSM_23162_LMG_24588

WP_071052002.1_Frankia_sp._BMG5.36

WP_092804914.1_Rhodococcus_sp._4J2A2

WP_087201820.1_Collinsella_sp._An271

WP_107041682.1_Bifidobacterium_callitrichos

WP_009559025.1_Lactobacillus_pasteurii

WP_091359823.1_Frankineae_bacterium_MT45

WP_073274847.1_Anaerocolumna_jejuensis

OKZ17086.1_Bacteroides_sp._43_108

WP_069593271.1_Methanosphaera_sp._WGK6

WP_033515248.1_Bifidobacterium_cuniculi

WP_115770616.1_Bifidobacterium_longum

PWM41593.1_Clostridiales_bacterium

KIA77536.1_Parachlamydia_acanthamoebae

PWM50825.1_Firmicutes_bacterium

AII08080.1_Rhodococcus_opacus

KFI91957.1_4_Bifidobacterium_saguini_DSM_23967

WP_034291267.1_Helicobacter_sp._MIT_11_5569

WP_019129680.1_Alistipes_obesi

WP_095183077.1_Lactobacillus_johnsonii

SCH42197.1_4_Clostridium_sp.

WP_114601960.1_Gordonibacter_sp._28C
WP_087171512.1_Gemmiger_sp._An120

WP_012867045.1_Sanguibacter_keddieii

WP_014321876.1_Desulfovibrio_desulfuricans

GM_24746_Giardia_muris

WP_100512248.1_Bifidobacterium_simiarum

WP_092384476.1_Curtobacterium_sp._YR515

WP_034574519.1_Helicobacter_saguini

SBN63385.1_4_Curtobacterium_sp._9128

WP_079571433.1_Krasilnikoviella_flava

ERK60184.1_Gemella_bergeri_ATCC_700627

OJV56727.1_Cellulomonas_sp._73_145

RAP52212.1_Methanosphaera_sp._SHI613

OJV92143.1_Chloroflexi_bacterium_54_19

RGN64189.1_Bacteroides_fragilis

EES99576.1_Giardia_intestinalis_GS

WP_102379151.1_Raoultibacter_timonensis

SCJ55904.1_4_Anaerotruncus_sp.

EJP75968.1_Campylobacter_sp._FOBRC14

WP_075888185.1_Lactobacillus_crustorum

WP_003028005.1_Streptococcus

WP_104685676.1_Helicobacter_suis

WP_013861886.1_Microlunatus_phosphovorus

WP_101310333.1_Labilibaculum_manganireducens

WP_101617406.1_Bifidobacterium_margollesii

WP_003534737.1_Erysipelatoclostridium_ramosum

CUX71370.1_Clostridium_sp._C105KSO14

SCH76597.1_4_Clostridium_sp.

KXU52341.1_Stoquefichus_sp._KLE1796

SEH47909.1_4_Chryseobacterium_culicis

WP_081657192.1_Prevotella_albensis

WP_109133290.1_Cellulomonas_sp._WB94

WP_058304181.1_Gorillibacterium_timonense

WP_084486430.1_Methanobrevibacter_wolini i

WP_114567316.1_Paraeggerthella_hongkongensis

SHK74202.1_4_Chishuiella_changwenlii

RAP44570.1_Methanosphaera_sp._rholeuAM6

GM_10356_Giardia_muris

WP_087336039.1_Flavonifractor_sp._An82

EOS60266.1_Firmicutes_bacterium_M10_2

SFB76883.1_4_Flexibacter_flexilis_DSM_6793

WP_050696810.1_Anaeromassilibacillus_senegalensis

WP_071793093.1_Streptococcus_bovimastitidis

WP_095608251.1_Methanosphaera_cuniculi

WP_116847161.1_Chitinophagaceae_bacterium_K23C18032701

WP_092606429.1_Raineyella_antarctica

WP_069639897.1_Enterococcus_ureilyticus

WP_088842492.1_Hymenobacter_gelipurpurascens

WP_094636448.1_Bifidobacterium_eulemuris

WP_009169757.1_Clostridium_sp._DL_VIII

WP_087254497.1_Drancourtella_sp._An57

WP_034927438.1_Erysipelotrichaceae_bacterium_NK3D112

WP_024737480.1_Clostridiales_bacterium_VE202_15

BAQ24467.1_Streptococcus_troglodytae

WP_087360305.1_Massiliomicrobiota_timonensis

WP_075577858.1_Staphylococcus_sciuri

EFA23639.1_Bifidobacterium_gallicum_DSM_20093_LMG_11596

WP_012407359.1_Nostoc_punctiforme

EFE14561.1_Clostridium_sp._M62_1

WP_034353450.1_Helicobacter_jaachi

WP_091526460.1_Microlunatus_soli

WP_097221137.1_Burkholderia_sp._YR290

WP_040830755.1_Nocardia_jiangxiensis

WP_070088114.1_Merdimonas_faecis

WP_075577036.1_Olsenella_sp._Marseille_P2300

ETD23405.1_Helicobacter_macacae_MIT_99_5501

WP_048344955.1_Lactobacillus_mucosae

WP_007050725.1_Anaerofustis_stercorihominis

WP_110323769.1_Hungatella_effluvii

GM_23925_Giardia_muris

WP_047798404.1_Pedobacter_sp._BMA

RAP48480.1_Methanosphaera_sp._rholeuAM6

WP_073539395.1_Clostridium_kluyveri

WP_115150987.1_Megamonas_hypermegale

WP_050710363.1_Dysgonomonas_sp._HGC4

WP_087156551.1_Lachnoclostridium_sp._An181

WP_087234690.1_Anaeromassilibacillus_sp._An250

WP_087363886.1_Cloacibacillus_sp._An23

WP_070509634.1_Enterococcus

WP_076544872.1_Halanaerobium_kushneri

WP_082671550.1_Bittarella_massiliensis

WP_014403086.1_Frateuria_aurantia

WP_087287593.1_Pseudoflavonifractor_sp._An184

WP_022790679.1_Faecalicoccus_pleomorphus

WP_087194729.1_Gordonibacter_sp._An230

WP_103066240.1_Petrotoga_olearia

WP_061054044.1_Enterococcus_gallinarum

WP_069430354.1_Eisenbergiella_tayi

SCJ69514.1_4_Clostridium_sp.

WP_087700373.1_Campylobacter_jejuni

WP_087201251.1_Drancourtella_sp._An210

WP_029136338.1_Nakamurella_lactea

WP_112058188.1_Helicobacter_fennelliae

CDB52367.1_Clostridium_sp._CAG_217

CDE30544.1_Ruminococcus_sp._CAG_403

WP_094730000.1_Bifidobacterium_hapali

ALV65731.1_Campylobacter_fetus_subsp._testudinum_Sp3

WP_066541080.1_Acutalibacter_muris

WP_083632150.1_Dubosiella_newyorkensis

WP_100511395.1_Bifidobacterium_primatium

WP_034905368.1_Campylobacter_sp._MIT_97_5078

WP_070417950.1_Curtobacterium_sp._BH_2_1_1

WP_021166826.1_Sporomusa

WP_069119098.1_Brochothrix_thermosphacta

WP_101671363.1_Bifidobacterium_anseris

WP_087325128.1_Faecalibacterium_sp._An58

WP_015949140.1_Desulfatibacillum

WP_113892046.1_Roseiarcus_fermentans

KFI57612.1_Bifidobacterium_choerinum

WP_026854170.1_Geothrix_fermentans

ASQ29798.1_Campylobacter_avium_LMG_24591

WP_115716343.1_Eubacterium_sp._Marseille_P5640

WP_005217145.1_Helicobacter_bilis

CCZ22734.1_4_Acetobacter_sp._CAG_977

KRM99729.1_Lactobacillus_taiwanensis_DSM_21401

WP_087163115.1_Lachnoclostridium_sp._An169

PZO60451.1_Leifsonia_xyli

WP_069575453.1_Methanobrevibacter

WP_008602020.1_Veillonella_sp._6_1_27

WP_002847466.1_Ruminococcus_albus

WP_073189704.1_Tessaracoccus_bendigoensis

WP_072760157.1_Rhodanobacter_sp._OK091

CDB40585.1_4_Azospirillum_sp._CAG_260

RAP45598.1_Methanosphaera_sp._SHI1033

WP_049669452.1_Bacillus_sp._FJAT_27916

WP_056125249.1_Curtobacterium_sp._Leaf183

OYY62897.1_Burkholderiales_bacterium_28_67_8

CCZ30494.1_4_Proteobacteria_bacterium_CAG_495

RGG81714.1_Coprobacillus_sp._AF17_17AC

WP_087256420.1_Clostridium_spiroforme

RAP43739.1_Methanosphaera_sp._rholeuAM74

WP_069989014.1_Massilioclostridium_coli

WP_005038154.1_Holophaga_foetida

WP_117570421.1_Absiella_sp._AM54_8XD

WP_115574324.1_Helicobacter

WP_116669989.1_Methanobrevibacter_woesei

SCJ90955.1_4_Eubacterium_sp.

SNX31326.1_Lactobacillus_fermentum

CUU83378.1_4_Campylobacter_fetus_subsp._fetus

WP_056868652.1_Rathayibacter_sp._Leaf296

WP_055165588.1_Turicibacter_sanguinis

WP_082942588.1_Helicobacter

WP_083495818.1_Methanobrevibacter_millerae

WP_087355917.1_Collinsella_sp._An7

WP_040682049.1_Methanobrevibacter_boviskoreani

WP_031172821.1_Streptosporangium_roseum

EDN82841.1_Bifidobacterium_adolescentis_L2_32

WP_113617861.1_Chitinophaga_sp._GDMCC_1.1325

WP_087190569.1_Gordonibacter_urolithinfaciens

WP_046970538.1_Dyella_japonica

CDE42224.1_Clostridium_sp._CAG_411
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G. Carboxymuconolactone
decarboxylase

Diplomonads
Archaea

Firmicutes
Proteobacteria

Actinobacteria
Bacteroidetes
Other bacteria
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SDI80891.1_Frankineae_bacterium_MT45

WP_130414855.1_Fluviicoccus_keumensis

WP_040049566.1_Burkholderiaceae

WP_119048808.1_Pseudoflavitalea_sp._5GH32_13

WP_008240051.1_Pedobacter_sp._BAL39

WP_091386272.1_Flavobacteriaceae_bacterium_MAR_2010_188

WP_126770596.1_Undibacterium_sp._S11R28

WP_073100556.1_Leeuwenhoekiella_marinoflava

WP_090783044.1_Pedobacter_sp._ok626

WP_035324688.1_Dokdonia_donghaensis

SFZ80287.1_Tenacibaculum_maritimum_NCIMB_2154

WP_026752880.1_Sediminibacter_sp._Hel_I_10

WP_095511886.1_Rubrivirga_marina

OYU65612.1_Cytophagaceae_bacterium_BCCC1

RMH61093.1_Calditrichaeota_bacterium

WP_113923499.1_Aquiflexum_sp._Z0201

WP_100844796.1_Flavobacterium_sp._5

PIX08555.1_Flavobacteriaceae_bacterium_CG_4_8_14_3_um_filter_34_10

OJV96324.1_Chloroflexi_bacterium_54_19

RMG63780.1_Bacteroidetes_bacterium

RZK59167.1_Pedobacter_sp.

WP_090338201.1_Dyadobacter_koreensis

WP_116108732.1_Lewinella_sp._IMCC34191

WP_091370464.1_Mucilaginibacter_mallensis

WP_072428753.1_Chitinimonas_taiwanensis

WP_040279025.1_Psychroserpens_damuponensis

WP_111479705.1_Hymenobacter_sp._NL

OUS00024.1_Flavobacteriales_bacterium_33_180_T64

WP_066756685.1_Crocinitomix_algicola
WP_027418898.1_Crocinitomix_catalasitica

RZM23970.1_Pedobacter_sp.

WP_031357334.1_Caballeronia_sordidicola

WP_008271836.1_Flavobacteriales_bacterium_ALC_1

WP_090995238.1_Pedobacter_insulae

WP_068591796.1_Ulvibacter_sp._LPB0005

WP_027006821.1_Conexibacter_woesei

WP_108371596.1_Flavobacterium_magnum

WP_130539263.1_Pseudobacter_ginsenosidimutans

ODU34820.1_Xanthomonadaceae_bacterium_SCN_69_320

WP_027101395.1_Comamonadaceae_bacterium_URHA0028

WP_020532146.1_Flexithrix_dorotheae

WP_127684092.1_Inhella_sp._CCP_18

REG50067.1_Paraburkholderia_sp._BL6669N2

PJA42231.1_Xanthomonadales_bacterium_CG_4_9_14_3_um_filter_62_6

WP_116764749.1_Flavobacterium_sp._LB2P30

WP_129131872.1_Lacibacter_sp._TTM_7

WP_027000346.1_Eisenibacter_elegans

WP_047546020.1_Psychroserpens_sp._Hel_I_66

RYY27754.1_Chitinophagaceae_bacterium

PTQ89182.1_Agitococcus_lubricus

WP_086102458.1_Chitinophagaceae_bacterium_IBVUCB2

PHR43538.1_Fluviicola_sp.

PHS68296.1_Flavobacterium_sp.

WP_008594483.1_Leptospira_licerasiae

OYU98155.1_Burkholderiales_bacterium_PBB5

WP_066309152.1_Flavobacterium_sp._TAB_87

RZL19240.1_Pedobacter_sp.

PHS03780.1_Kordia_sp.

WP_095601291.1_Pseudomonas_sp._PIC25

WP_013965037.1_Nitrosomonas_sp._Is79A3

WP_126742958.1_Flavobacterium_sp._GSN2

WP_074935865.1_Algibacter_lectus

WP_129832707.1_Xanthomonadaceae_bacterium_AQ6_296

WP_123952567.1_Cyclobacteriaceae_bacterium_YHN15

WP_097086520.1_Pseudomonas

KXK32199.1_Bacteroidetes_bacterium_OLB12

RZJ68319.1_Flavobacterium_sp.

WP_099155709.1_Lewinella_nigricans

WP_109830655.1_Reichenbachiella_versicolor

WP_048438390.1_Caenimonas_sp._SL110

AKT43243.1_Chondromyces_crocatus

WP_127968858.1_Hahella_sp._KA22

WP_108737302.1_Flavobacterium_kingsejongi

WP_096696462.1_Polaromonas_sp._AER18D_145

WP_002771363.1_Leptonema_illini

OJY28131.1_Myxococcales_bacterium_68_20

WP_003246433.1_Pseudomonas

WP_029038648.1_Salinimicrobium_xinjiangense

RYF89608.1_Chitinophagaceae_bacterium

WP_087491278.1_Winogradskyella_sp._PC_19

WP_091474009.1_Flavobacterium_swingsii

WP_018349269.1_Longispora_albida

WP_129714272.1_Pedobacter_sp._SYP_B3415

PJE03927.1_Leptospira_sp.

WP_119655774.1_Hymenobacter_rubripertinctus

WP_073463885.1_Rhizobacter_sp._OV335

WP_055894107.1_Ramlibacter_sp._Leaf400

WP_085230202.1_Paraburkholderia_caryophylli

ABZ99368.1_Leptospira_biflexa_serovar_Patoc_strain_Patoc_1

WP_121051582.1_Lacinutrix_venerupis

WP_114402430.1_Parvibium_lacunae

PIZ61372.1_Marinimicrobia_bacterium_CG_4_10_14_0_2_um_filter_48_9

WP_062055051.1_Sediminicola_sp._YIK13

WP_020402731.1_Gracilimonas_tropica

WP_130415443.1_Fluviicoccus_keumensis

WP_095167006.1_Flectobacillus_sp._BAB_3569

WP_037013044.1_Pseudomonas_nitroreducens

RZV43606.1_Acidimicrobiales_bacterium

WP_076022300.1_Betaproteobacteria_bacterium_GR16_43

WP_053937119.1_Amantichitinum_ursilacus

GM_23926_Giardia_muris

WP_107040008.1_Brumimicrobium_mesophilum

WP_028067787.1_Solirubrobacter_soli

OJV24492.1_Actinobacteria_bacterium_69_20

RZV46767.1_Acidimicrobiia_bacterium

WP_127121733.1_Cytophagaceae_bacterium_Ys

WP_088845291.1_Hymenobacter_gelipurpurascens

WP_046018014.1_Marinomonas_sp._S3726

OJW50426.1_Accumulibacter_sp._66_26

WP_082374959.1_beta_proteobacterium_AAP99

WP_041496684.1_Nonlabens_marinus

RYX95608.1_Comamonadaceae_bacterium

AZF14552.1_Pseudomonas_sp._R3_18_08

RZK40820.1_Pedobacter_sp.

WP_121256891.1_Solirubrobacter_pauli

WP_054280867.1_Chitinophagaceae_bacterium_PMP191F

WP_083442268.1_Nitriliruptor_alkaliphilus

RZJ71006.1_Flavobacterium_sp.

WP_103665389.1_Gracilimonas_amylolytica

RYE91397.1_Myxococcales_bacterium

WP_092012366.1_Pseudarcicella_hirudinis

WP_100895027.1_Algibacter_sp._RHA_19

RZI65444.1_Variovorax_sp.

WP_094968463.1_Winogradskyella_aurantia

WP_087463211.1_Oleiphilus_messinensis

RNC84716.1_Balneola_sp.

WP_020888735.1_Cyclobacterium_qasimii

WP_026897535.1_Pedobacter_oryzae

ASC72622.1_Halomicronema_hongdechloris_C2206

KZZ42841.1_Thalassolituus_sp._HI0120

WP_125468390.1_Mangrovimonas_sp._HN_E26

WP_091140675.1_Flavobacterium_caeni

WP_112005423.1_Burkholderia_sp._yr520

WP_068506725.1_Oleiphilus

WP_106088277.1_Enhygromyxa_salina

WP_034924172.1_Gillisia_sp._CAL575

WP_090258847.1_Fabibacter_pacificus

WP_116873785.1_Terrimonas_sp._NS_102

WP_044229108.1_Phaeodactylibacter_xiamenensis

RZJ28795.1_Flavobacterium_sp.

RYY50425.1_Chitinophagaceae_bacterium

WP_054414296.1_Hymenobacter_sp._DG25A

PKP15707.1_Bacteroidetes_bacterium_HGW_Bacteroidetes_23

PJA05709.1_Flavobacteriales_bacterium_CG_4_10_14_0_2_um_filter_35_18

WP_027002115.1_Hugenholtzia_roseola

WP_039138961.1_Flavihumibacter_solisilvae

WP_095939429.1_Pseudomonas_sp._HAR_UPW_AIA_41

WP_121926387.1_Flavobacterium_weaverense

WP_115535770.1_Paraburkholderia_sp._DHOM06

WP_093985564.1_Pseudomonas_fluvialis

WP_104230000.1_Solimonas_fluminis

WP_054137860.1_unclassified_Betaproteobacteria_miscellaneous

GM_10355_Giardia_muris

OQY92128.1_Sphingobacteriales_bacterium_UTBCD1

WP_068892742.1_Pedobacter_panaciterrae

WP_038304567.1_bacterium_YEK0313

WP_028215583.1_Paraburkholderia_mimosarum

WP_026978659.1_Flavobacterium_tegetincola

RYY55135.1_Chitinophagaceae_bacterium

RZJ20546.1_Haliea_sp.

WP_062592896.1_Roseivirga_ehrenbergii

RNC87179.1_Winogradskyella_sp.

OJJ14072.1_bacterium_AO1_C

WP_115462954.1_Winogradskyella_aurantiaca

WP_091266953.1_Gillisia_sp._Hel1_33_143

WP_096191548.1_Cytophagales_bacterium_TFI_002

WP_026774597.1_Asinibacterium_sp._OR43

RZL35919.1_Pedobacter_sp.

WP_095513585.1_Rubrivirga_sp._SAORIC476

WP_124461239.1_Variovorax_sp._KBW07

WP_121269714.1_Pedobacter_sp._eg

WP_029918850.1_Nevskia_soli

ODT51462.1_Niastella_sp._SCN_39_18

WP_111263762.1_Pseudomonas_sp._57B_090624

WP_026710716.1_Flavobacterium_filum

WP_084008116.1_Planomonospora_sphaerica

WP_092404118.1_Dokdonella_immobilis

WP_091394210.1_Flavobacterium_noncentrifugens

WP_092363603.1_Pseudomonas_seleniipraecipitans

WP_036124087.1_Mangrovimonas_yunxiaonensis

OJY92569.1_Sphingobacteriales_bacterium_44_15

WP_107213023.1_Pedobacter_yulinensis

WP_094546492.1_Rubricoccus_marinus

REG20425.1_Archangium_gephyra

OIP30665.1_Deltaproteobacteria_bacterium_CG2_30_63_29

PZR68481.1_Solirubrobacterales_bacterium

WP_113647265.1_Pedobacter_chitinilyticus

PCJ51968.1_Planctomycetes_bacterium

GM_24745_Giardia_muris

WP_121199257.1_Mucilaginibacter_gracilis

WP_084721935.1_Rhodococcus_marinonascens

WP_066220933.1_Formosa_haliotis

RLD27756.1_Bacteroidetes_bacterium

WP_011803092.1_Polaromonas_naphthalenivorans

PIY07837.1_Flexibacter_sp._CG_4_10_14_3_um_filter_32_15

RPH60065.1_Burkholderiales_bacterium

WP_106890285.1_Ahniella_affigens

WP_074227398.1_Pseudomonas_aeruginosa

WP_084721934.1_Rhodococcus_marinonascens

WP_055143353.1_Jiulongibacter_sediminis

WP_114791230.1_Niabella_yanshanensis

WP_107938578.1_Sinobacteraceae_bacterium_GT1R17

SHH58059.1_Flavobacterium_frigidimaris

WP_022827386.1_Flavobacterium_antarcticum

PZR24866.1_Citrobacter_freundii

WP_114030455.1_Sphaerisporangium_album

WP_073135760.1_Chryseolinea_serpens

WP_040626314.1_Mucilaginibacter_paludis

RYF76464.1_Comamonadaceae_bacterium

WP_107567185.1_Conexibacter_sp._Seoho_28

WP_119843222.1_Reichenbachiella_sp._MSK19_1

WP_120585891.1_Corallococcus

WP_119956000.1_Pseudomonas_sp._K1S02_6

WP_022969615.1_Arenimonas_oryziterrae

WP_008628205.1_Mariniradius_saccharolyticus

WP_087517831.1_Pseudomonas_sp._M30_35

RZJ31270.1_Flavobacterium_sp.

WP_130285090.1_Aquimarina_brevivitae

APR80557.1_Minicystis_rosea

WP_076615256.1_Winogradskyella_sp._J14_2

RJP48042.1_Anaerolineaceae_bacterium

WP_018342252.1_Cytophaga_aurantiaca

WP_128195603.1_Flavobacterium_sp._BBQ_12

WP_111332978.1_Bradymonas_sediminis

WP_039109234.1_Flavobacterium_sp._AED

WP_079738813.1_Polaribacter_sp._KT_15

WP_111635422.1_Pedobacter_cryoconitis

PHS62682.1_Thalassobium_sp.

RZK79437.1_Pedobacter_sp.

WP_129463846.1_Flavobacterium_sp._ICH_30

APR80774.1_Minicystis_rosea

OJY89549.1_Xanthomonadales_bacterium_63_13

WP_118951499.1_Taibaiella_sp._F_4

WP_020571192.1_Lewinella_persica

WP_108977808.1_Leptospira_sp._YH101

WP_079685868.1_Ohtaekwangia_koreensis

WP_028081526.1_Solimonas_soli

PKL75825.1_Melainabacteria_bacterium_HGW_Melainabacteria_1

WP_039114226.1_Flavobacterium

WP_114970907.1_Rhodoferax_sp._OTU1
WP_078366840.1_Rhodoferax_fermentans

WP_026911098.1_Patulibacter_minatonensis

WP_108741455.1_Flavobacterium_faecale

EMO89972.1_Leptospira_noguchii_str._2001034031

WP_055505772.1_Nonomuraea

WP_028666126.1_Runella_zeae

WP_096332955.1_Nannocystis_exedens

WP_007578331.1_Patulibacter_medicamentivorans

WP_044171782.1_Flectobacillus_major

WP_090762122.1_Nonomuraea_maritima

WP_009577570.1_Fulvivirga_imtechensis

WP_092757595.1_Albidiferax_sp._OV413

WP_091508133.1_Flexibacter_flexilis

WP_116499625.1_Betaproteobacteria_bacterium

WP_046008941.1_Oleispira_antarctica

WP_052595655.1_Aureispira_sp._CCB_QB1

WP_099597590.1_Reichenbachiella_sp._5M10

WP_061118058.1_Caballeronia_turbans

WP_106524945.1_Taibaiella_chishuiensis

PZR31280.1_Azospira_oryzae

WP_046717119.1_Myxococcus_fulvus

CCH01441.1_Fibrella_aestuarina_BUZ_2

EYF01133.1_Chondromyces_apiculatus_DSM_436

SCY07660.1_Nonlabens_sp._Hel1_33_55

WP_069520047.1_Pseudomonas

WP_038410781.1_Pseudomonas_cremoricolorata

WP_090248840.1_Pseudomonas_peli

WP_116881347.1_Brumimicrobium_aurantiacum

WP_112746476.1_Chryseolinea_flava

WP_055133255.1_Pedobacter_sp._Hv1

WP_111816218.1_Aequorivita_lipolytica

AFC26373.1_Saprospira_grandis_str._Lewin

OYU56762.1_Chitinophagaceae_bacterium_BSSC1

WP_108617330.1_Acidovorax_sp._HMWF029

WP_097442422.1_Sediminicola_luteus

RKR92446.1_Micromonospora_pisi
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Methods S1 – Compact genome of Giardia muris reveals 

important steps in the evolution of intestinal protozoan parasites” 

by Xu et al. (2020) 

 

DNA preparation from G. muris for long read sequencing 

G. muris excyzoites (~9×107 cells) were centrifuged at 500 ×g for five minutes to remove the 

excystation media and the pellet was dissolved in Lysis Buffer (50 mM EDTA, 1% SDS and 

10 mg/ml Proteinase K) by vortexing. The lysed cells were incubated at 56 °C with occasional 

vortexing for 2 hours followed by addition of 1 µl RNase A (100 mg/µl) and incubation at 

room temperature for 10-15 minutes. The genomic DNA was extracted by addition of 0.5 

volumes each of phenol and CHISAM (chloroform: isoamyl alcohol 24:1). The sample was 

mixed carefully by vortexing and centrifuged at 13,000 rpm for 10 minutes, the water phase 

was collected and an equal volume of CHISAM was added to the sample and mixed by 

vortexing followed by a second centrifugation with same settings. The water phase was 

collected, and the DNA was precipitated with an equal volume of isopropanol. The precipitate 

was recovered by immediate centrifugation at 13,000 rpm, 4 °C, 30 min. The supernatant was 

removed, and the pellet was washed with 70% ice cold ethanol and then centrifuged at 13,000 

rpm, 4 °C, 10 minutes. The supernatant was removed, air-dried briefly and resuspended in 

TE-buffer (10 mM Tris-HCl pH 8.0, 1 mM EDTA). The genomic DNA was further purified 

using Genomic-tip 20/G (Qiagen) according to the manufacturers instructions. 

Finally, the genomic DNA was purified using phenol-chloroform extraction 

according to the “Extracting DNA Using Phenol-Chloroform” protocol 

(https://www.pacb.com/wp-content/uploads/2015/09/Experimental-Protocol-Extracting-

DNA-using-Phenol-Chloroform.pdf). The DNA solution was mixed with an equal volume of 



the phenol/chloroform/isoamyl alcohol solution (25:24:1). The tube was mixed vigorously for 

1 min and spun at high speed for 5 min. The aqueous phase was removed, and the tube was 

back extracted using EB buffer. The original and back-extracted material was combined and 

extracted as above using chloroform/isoamyl alcohol (24:1). The aqueous phase was 

precipitated using 2.5× volume 100% ethanol and NH4OAc (0.75 M final concentration) 

while adding glycogen (20 ug /extraction). The precipitate was recovered by high speed 

centrifugation and washed two times by double volumes of 80% ethanol. The pellet was air-

dried and brought up in a small volume of EB buffer. The concentration and quality of the 

extracted DNA was determined by NanoDrop and agarose gel electrophoresis. 

RNA purification 

Total RNA from trophozoites were extracted using TriZol according to the method in Franzén 

et al.[1]. The total RNA was DNase treated using the Turbo DNA-free kit (Applied 

Biosystems, AM1907) as described in Franzén et al.[1]. RNA from cysts and excyzoites were 

extracted using TriZol as described above and the resulting RNA was DNase treated (Turbo 

DNase, 2 U/µl) in a reaction volume of 100 µl for 30 minutes at 37°C. The RNA was 

subsequently cleaned using the cleanup protocol from the RNeasy Mini Kit (Qiagen, 74104) 

and eluted in 30 µl of DEPC treated water. The quality and quantity were evaluated using 

Qubit and BioAnalyzer.   

Sequencing 

Total genomic DNA was sequenced using both Illumina MiSeq and PacBio RS II sequencers 

at the SNP&SEQ platform and Uppsala Genome Center respectively at the Science for Life 

Laboratory (Uppsala University). The trophozoite total RNA was divided in two parts and 

stranded transcriptome mRNA library was prepared using the appropriate TruSeq kit at 

GATC Biotech (Konstanz, Germany). The finished libraries were sequenced using the 

Illumina HiSeq 2000 system at GATC Biotech (Konstanz, Germany). RNA sequencing 



libraries from cysts and excyzoites were prepared using the TruSeq stranded mRNA sample 

preparation kit and sequenced by HiSeq 2500 at the SNP&SEQ platform.  

Raw DNA and RNA sequence reads are archived at NCBI Sequence Read Archive (SRA) 

under accession numbers SRR8858297-SRR8858305.  

Biosamples and accession numbers 

Biosample 

accession  
SAMN11231833 SAMN11231832 SAMN11231834  

Sample 

description  
Cysts  Trophozoites  

Excysted 

trophozoites 

DNA/RNA    DNA  RNA  DNA  RNA  RNA 

Sequencing 

instrument   
PacBio RS II  

Illumina 

HiSeq 2500  

Illumina 

MiSeq  

Illumina 

HiSeq 2000  

Illumina HiSeq 

2500  

Usage  
Genome 

assembly  

RNA-Seq 

comparison  

Assembly base 

correction  

RNA-Seq 

comparison  

RNA-Seq 

comparison  

SRA 

accession  

SRR8858302-

SRR8858305 
SRR8858298 SRR8858300 SRR8858301 SRR8858299  

# Reads 200,601 31,397,561 38,048,422 121,271,107 30,381,809 

Read len (bp) - 125 251*2 51 125 

# Total Bbp 2.5 3.9 19.1 6.2 3.8 

 

Repeat detection 

RepeatMasker v3.3.0 (http://www.repeatmasker.org/) was run to detect genome repeats. 

Sequence comparison in RepeatMasker was performed by cross_match v1.080812. RM 

database v20110920 with RepBase Update 20110920 was used as RepeatMasker library. 

Heterozygosity estimation 

Samtools mpileup with B flag was used to generate pileup file from MiSeq reads mapped bam 

file. Sites with at least 20X coverage and 10% of alternative bases were considered as allelic 

heterozygous sites. 



Genome annotation 

Two gene prediction programs were used, Prodigal v2.60 and GlimmerHMM v3.0.1. Training 

set for GlimmerHMM consists of genes predicted from Prodigal which have hits against G. 

intestinalis with evalue <1e-50 and similar length to the hit gene. The union of the two sets of 

predicted genes was taken for functional annotation. Genes were manually annotated using 

information from BLASTP results against NR database as well as HMMER (v3.0) search 

results of domain information against Pfam (v27.0).  

tRNA and rRNA  

18S, 28S and 5.8S ribosomal RNAs were annotated after BLASTN similarity to the deposited 

G. muris ribosomal RNAs in NCBI (X65063), and the start and stop positions were adjusted 

to be inline with the record. 5S rRNAs were predicted by searching against Rfam 11.0 using 

infernal v1.0.2. There are 78 pieces of 28S rRNAs, 73 18S rRNAs, 68 5.8S rRNAs and 10 5S 

rRNA annotated. 

tRNAs were predicted by tRNAScan-SE v1.23 with the most sensitive co-variance model. 

BLASTN with -task blastn (which is more sensitive for distant matches) of the 40 G. 

intestinalis ncRNAs against G. muris genome revealed 10 ncRNAs with evalue <0.1 and not 

overlapping genes. Alignment of the 10 ncRNAs using MUSCLE v3.8.31 showed a clear 

motif on the 3’ end, CCTTYNHTNAA, which is similar to what was found on G. intestinalis 

(CCTTYNHTHAA). This motif was used to search for other potential ncRNAs in G. muris 

using scan_for_matches (http://blog.theseed.org/servers/2010/07/scan-for-matches.html). 

Additionally, results were obtained from BLASTN search against miRBase, similarity search 

against Rfam and prediction of small RNAs based on small RNA-Seq data using Shortstack 

v1.2.4. All the search and prediction results were combined following the rule that ncRNAs 

do not overlap (or overlap little) with the annotated genes and with themselves. Manual 

efforts were also applied. In the end, they are 219 ncRNAs annotated, with 16 from similarity 



search against G. intestinalis ncRNAs, 8 from Rfam searches, 17 from Shortstack prediction, 

and 178 from motif search. 

Protein kinases 

Protein kinases were assigned into group, family and subfamily. Alignment files for different 

group, family and subfamily were downloaded from the kinase database (http://kinase.com). 

HMMER 3.0 (http://hmmer.janelia.org) was used to build HMM profiles from the alignment 

and the protein sequences were searched against the HMM profiles. The search results were 

then combined with Pfam domain search results where genes contain significant Pfam 

Pkinase domain (PF00069) (score >25). G. intestinalis protein kinase annotations were taken 

from reference. 

Ankyrin repeat proteins 

Ankyrin repeat proteins (ARPs) were assigned to genes that contain ankyrin repeat domains 

(score >=20) but not Pkinase domain. According to if an ARP contains zink finger domains or 

other domains, they were further divided into 3 subgroups.  

Cysteine-rich proteins 

Alignments of the proteins with more than 10% cysteines using MAFFT v7.215 revealed that 

a subset of them contains a conserved pentapeptide motif (GR)CR(GRKE)K at the C-

terminus. Cysteine-rich proteins were divided into three subgroups depending on the presence 

and absence of the transmembrane domains and the pentapeptide motif.  

Synteny 

MUMmer v3.23 was used to align the draft genomes of G. muris and G. intestinalis. Promer 

was used in order to align the genome at protein level. Mummerplot was used to generate the 

alignment dot plot. Show-coords was used to view a summary of all the alignments produced 

by promer. Alignment coordinates were used to calculate the percentage of similarity between 

the two genomes as well as to draw the similarity in Circos plot. 



OrthoMCL v2.0.2 was used to cluster genes using match cutoff of 40% and e-value cutoff of 

1e-10. The clustering was done within G. muris, between G. muris and G. intestinalis, and 

among G. muris, G. intestinalis and S. salmonicida.  

Phylogenetic trees for NEKs and ARPs 

All the NEKs from G. muris and G. intestinalis were aligned with MAFFT v7.407 (auto 

setting), and FastTree v2.1.10 No SSE3 was used to construct approximately-maximum-

likelihood tree using default WAG+CAT model. ARPs tree was constructed the same way as 

NEKs tree. 

Phylogenetic analysis of lateral transfers 

One sequence from G. muris was used as a query for each enzyme to retrieve at least 5000 

hits with e-value <0.001, using BLASTP against the nr database and the organism-specific 

proteomes. The resulting datasets were filtered automatically by finding all sequences with 

greater than 90% sequence identity to another sequence using the software skipredundant 

(EMBOSS v6.5.7.0 [2]) with default settings. Datasets were aligned using MAFFT 

v6.603b[3], and regions of ambiguous alignment were automatically trimmed using BMGE 

v1.12 (blosum30 and block size of 2) [4]. Sequences with a length less than 50% of the 

multiple alignment were removed, and the datasets were aligned and trimmed again as 

described above. An initial phylogenetic analyses were performed using FastTree v2.1.8 

SSE3, OpenMP [5]. Sequences with a phylogenetic distance < 0.3 were removed in an 

iterative process to create the final datasets. This final datasets were aligned in forward and 

reverse orientation using MAFFT and PROBCONS v1.12 [6]. The four resulting alignments 

were combined with T-COFFEE v11.00.8cbe486 [7] into a maximal consensus alignment, 

which was trimmed using BMGE as in previous steps. Maximum Likelihood (ML) trees were 

computed using IQtree v1.6.5 [8] under LG4X substitution model [9]. Branch supports were 



assessed using ultrafast bootstrap approximation (UFboot) with 1,000 ultrafast bootstraps [10] 

and 1,000 replicates for SH-like approximate likelihood ratio test (SH-aLRT) [11]. 

Promoter motif search 

MEME suite v4.10.2 was used for promoter motif analysis. A maximum of 120 bp upstream 

of annotated genes were used in search of potential promoter. The longest possible sequence 

was used if the intergenic region is shorter than 120 bp, and the sequence was discarded if the 

intergenic region is shorter than 8 bp. 4139 sequences in total were used in motif search, and 

MEME was set to search for 10 most likely motifs with sizes from 6 to 30 bp. 

VSP and ψVSP phylogenetic analysis 

Nucleotide sequences of G. muris VSPs and ψVSP genes were aligned using MAFFT in 

MAFFT v7.416[3], and regions of ambiguity were trimmed using BMGE v1.12 

(DNAPAM100:2, [4]). Maximum Likelihood (ML) trees were computed using IQtree v.1.6.5 

[8] under the best model (TIM2+F+R6) with 1,000 ultrafast bootstraps [10] and 1,000 

bootstrap replicates for SH-like approximate likelihood ratio test (SH-aLRT)[11]. 
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