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Supplementary Figure 1. Distribution of genes for ribosomal proteins found in concatenated assembly among the 
libraries from single cells. The assembly was reconstructed from the reads of 17 libraries generated by Miseq. The heat-
map represents the logarithm reads per kilobase per million (RPKM) of contigs in each transcriptome. The genes were 
sorted manually. The sequences of ribosomal proteins in the heatmap and RPKMs are given in Supplementary Table 1. 



concatenate

assemble

align & quantify

align & quantify

fastq file

concatenated fastq file

assembly file assembly file

concatenated fastq file

fastq file fastq file fastq file fastq file fastq file

a

c

b

 Supplementary Figure 2. Workflow of bioinformatic analysis of single-cell transcriptomes. The FASTQ file, 
concatenated FASTQ file, and assembly file derived from same species are colored in same colors. Although 
we sequenced the transcriptomes of four species and produced 12 FASTQ files in total, six FASTQ files of two 
species are shown in this Figure for simplicity. a Workflow of de novo transcriptomes. The reads (FASTQ files) 
generated from three different single-cells of the same species were concatenated into a single file and 
assembled. The resultant assembly was treated as a reference in the following analyses. b Workflow of the 
cross-contamination evaluation among the libraries targeting the different species. All the concatenated FASTQ 
files were mapped to all references. The number of aligned reads was normalized by the size of concatenated 
FASTQ files. c Workflow of the reproducibility evaluation among libraries targeting the same species. Three 
FASTQ file-generated references were re-aligned with the reference. The number of aligned reads was 
normalized to Trimmed Mean of M value among libraries. 



Supplementary Figure 3. Quantification of cross-contaminated contigs between the library of 
Pseudotrichonympha grassii and the other symbiotic protists. The x and y axes represent log10 of the 
normalized read counts in the respective libraries. Blue and orange dots represent bacterial and parabasalian 
contigs, respectively. a Pair plot comparison of cross-contaminated contigs assigned to Bacteria or Parabasalia 
between the library targeting P. grassii (Pg) and Holomastigotoides hartmanni (Hh). b Pair plot comparison of 
all the cross-contaminated contigs between Pg and Hh libraries. c Pair plot comparison of cross-contaminated 
contigs assigned to Bacteria or Parabasalia between the libraries targeting Pg and H. minor (Hm). d Pair plot 
comparison of all the cross-contaminated contigs between Pg and Hm libraries. e Pair plot comparison of 
cross-contaminated contigs assigned to Bacteria or Parabasalia between the library targeting Pg and 
Cononympha leidyi (Cl). f Pair plot comparison of all the cross-contaminated contigs between Pg and Cl 
libraries.



Supplementary Figure 4. Quantification of the abundance of cross-contaminated contigs between the library 
of Holomastigotoides hartmanni and the other symbiotic protists. The detailed descriptions are the same as 
Fig. S2. a Pair plot comparison of cross-contaminated contigs assigned to Bacteria or Parabasalia between 
libraries targeting H. hartmanni (Hh) and Pseudotrichonympha grassii (Pg). b Pair plot comparison of all the 
cross-contaminated contigs between Hh and Pg libraries. c Pair plot comparison of cross-contaminated contigs 
assigned to Bacteria or Parabasalia between the libraries targeting Hh and H. minor (Hm). d Pair plot 
comparison of all the cross-contaminated contigs between Hh and Hm libraries. e Pair plot comparison of 
cross-contaminated contigs assigned to Bacteria or Parabasalia between the libraries targeting Hh and 
Cononympha leidyi (Cl). f Pair plot comparison of all the cross-contaminated contigs between Hh and Cl 
libraries.



Supplementary Figure 5. Quantification of cross-contaminated contigs between the libraries of 
Holomastigotoides minor and the other symbiotic protists. Detailed descriptions are the same as in Fig.S2. a 
Pair plot comparison of cross-contaminated contigs assigned to Bacteria or Parabasalia between the libraries 
targeting H. minor (Hm) and Pseudotrichonympha grassii (Pg). b Pair plot comparison of all the 
cross-contaminated contigs between Hm and Pg libraries. c Pair plot comparison of cross-contaminated 
contigs assigned to Bacteria or Parabasalia between the libraries targeting Hm and H. hartmanni (Hh). d Pair 
plot comparison of all the cross-contaminated contigs between Hm and Hh libraries. e Pair plot comparison of 
cross-contaminated contigs assigned to Bacteria or Parabasalia between the libraries targeting Hm and 
Cononympha leidyi (Cl). f Pair plot comparison of all the cross-contaminated contigs between Hm and Cl 
libraries.



Supplementary Figure 6. Quantification of cross-contaminated contigs between the library of Cononimpha 
leidyi and the symbiotic protists. Detailed descriptions are the same as in Fig. S2. a Pair plot comparison of 
cross-contaminated contigs assigned to Bacteria or Parabasalia between the libraries targeting C. leidyi (Cl) 
and Pseudotrichonympha grassii (Pg). b Pair plot comparison of all the cross-contaminated contigs between Cl 
and Pg libraries. c Pair plot comparison of cross-contaminated contigs assigned to Bacteria or Parabasalia 
between the libraries targeting Cl and Holomastigotoides hartmanni (Hh). d Pair plot comparison of all the 
cross-contaminated contigs between Cl and Hh libraries. e Pair plot comparison of cross-contaminated contigs 
assigned to Bacteria or Parabasalia between the libraries targeting Cl and H. minor (Hm). f Pair plot 
comparison of all the cross-contaminated contigs between Cl and Hm libraries.



Supplementary Figure 7. Pairwise comparison of trimmed mean of M value between libraries of Pseudotrichonympha grassii. Pg1, Pg2, 
and Pg3 represent the libraries of a different single cell of P. grassii. The x and y axes represent log10 (TMM+1) in the compared libraries. 
Blue and orange dots represent bacterial and parabasalian contigs, respectively. a Pair plot comparison of parabasalian contigs between 
Pg1 and Pg2. b Pair plot comparison of bacterial contigs between Pg1 and Pg2. c Pair plot comparison of all contigs between Pg1 and 
Pg2. d Pair plot comparison of parabasalian contigs between Pg1 and Pg3. e Pair plot comparison of bacterial contigs between Pg1 and 
Pg3. f Pair plot comparison of all contigs between Pg1 and Pg3. g Pair plot comparison of parabasalian contigs between Pg2 and Pg3. h 
Pair plot comparison of bacterial contigs between Pg2 and Pg3. i Pair plot comparison of all contigs between Pg2 and Pg3.



Supplementary Figure S8. Pairwise comparison of trimmed mean of M value between libraries of Holomastigotoides hartmanni. Hh1, 
Hh2, and Hh3 represent the libraries of a different single cell of H. hartmanni. Detailed descriptions are the same as in Fig. S6. a Pair plot 
comparison of parabasalian contigs between Hh1 and Hh2. b Pair plot comparison of bacterial contigs between Hh1 and Hh2. c Pair plot 
comparison of all contigs between Hh1 and Hh2. d Pair plot comparison of parabasalian contigs between Hh1 and Hh3. e Pair plot 
comparison of bacterial contigs between Hh1 and Hh3. f Pair plot comparison of all contigs between Hh1 and Hh3. g Pair plot 
comparison of parabasalian contigs between Hh2 and Hh3. h Pair plot comparison of bacterial contigs between Hh2 and Hh3. i Pair plot 
comparison of all contigs between Hh2 and Hh3.



Supplementary Figure 9. Pairwise comparison of trimmed mean of M value between libraries of Holomastigotoides minor. Hm1, Hm2, 
and Hm3 represent the libraries of a different single cell of H. minor. Detailed descriptions are the same as Fig. S6. a Pair plot 
comparison of parabasalian contigs between Hm1 and Hm2. b Pair plot comparison of bacterial contigs between Hm1 and Hm2. c Pair 
plot comparison of all contigs between Hm1 and Hm2. d Pair plot comparison of parabasalian contigs between Hm1 and Hm3. e Pair plot 
comparison of bacterial contigs between Hm1 and Hm3. f Pair plot comparison of all contigs between Hm1 and Hm3. g Pair plot 
comparison of parabasalian contigs between Hm2 and Hm3. h Pair plot comparison of bacterial contigs between Hm2 and Hm3. i Pair 
plot comparison of all contigs between Hm2 and Hm3.



Supplementary Figure 10. Pairwise comparison of trimmed mean of M value between libraries of Cononympha leidyi. Cl1, Cl2, and Cl3 
represent the libraries of a different single cell of S. leidyi. Detailed descriptions are the same as in Fig. S6. a Pair plot comparison of 
parabasalian contigs between Cl1 and Cl2. b Pair plot comparison of bacterial contigs between Cl1 and Cl2. c Pair plot comparison of all 
contigs between Cl1 and Cl2. d Pair plot comparison of parabasalian contigs between Cl1 and Cl3. e Pair plot comparison of bacterial 
contigs between Cl1 and Cl3. f Pair plot comparison of all contigs between Cl1 and Cl3. g Pair plot comparison of parabasalian contigs 
between Cl2 and Cl3. h Pair plot comparison of bacterial contigs between Cl2 and Cl3. i Pair plot comparison of all contigs between Cl2 
and Cl3.
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Pezizomycotina
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Cononympha leidyi

Hydra vulgaris [XP_002158867.2]
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Supplementary Figure 11 (continued)

Supplementary Figure 11. Unrooted maximum-likelihood (ML) tree of chitinase. 357 chitinase 

sequences with 253 amino acid positions were submitted to maximum likelihood inference. The 

species belonging to land plant and fungi are colored in green and blue, respectively. The sequences 

from Coptotermes formosanus symbionts are indicated by red font. The accession number of each 

operational taxonomic unit is indicated in parentheses. Only the bootstrap probabilities greater than 70 

are given above the node. Other details are the same as in the legend for Fig. 5b. 
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Paenibacillus naphthalenovorans [WP_062410692]

Brevibacillus laterosporus [WP_018669881]

Paenibacillus assamensis [WP_051217481]

Paenibacillus sp. JDR-2 [WP_012772331]

Aneurinibacillus sp. XH2 [WP_057898123]

Brevibacillus thermoruber [WP_035297210]

Aeribacillus pallidus [WP_044899323]

Bacillales [WP_016739669]

Brevibacillus reuszeri [WP_049741660]

Alicyclobacillus ferrooxydans [WP_054968402]

Bacillus cytotoxicus [WP_012094709]

Paenibacillus [WP_024629308]

Desulfurispora thermophila [WP_018085555]

Effusibacillus pohliae [WP_018130164]

Desulfotomaculum thermocisternum [WP_051617760]

Bacillus endophyticus [WP_061802418]

Anoxybacillus suryakundensis [WP_055441583]

Brevibacillus massiliensis [WP_019121705]

Clostridium sordellii [CEN79830]

Clostridioides difficile [KJF62533]

Clostridiales [WP_007286565]

Peptostreptococcaceae bacterium VA2 [WP_026900389]

Clostridium dakarense [WP_042271691]

Clostridium acidurici 9a [AFS79831]

Eubacterium sp. CAG_841 [CDE18487]

Clostridium sordellii [WP_021128338]

Domibacillus indicus [WP_046175961]

Clostridium ultunense [WP_005588908]

Sulfobacillus acidophilus TPY [AEJ39450]

Bacillus thermoamylovorans [WP_034767719]

Ruminococcus sp. CAG_724 [CCZ20170]

Anaerotruncus sp. CAG_390 [CDE06008]
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uncultured bacterium [AEV59726]

Thermotoga sp. RQ2 [WP_012310773]

Spirochaeta thermophila [WP_014624322]

Clostridium straminisolvens JCM 21531 [GAE90454]

Pseudobacteroides cellulosolvens [WP_050753611]

Treponema caldarium [WP_013968066]

Herbinix luporum [WP_058258587]

Clostridium clariflavum [WP_014257086]

Clostridium cellulovorans [WP_010076738]

Pseudobacteroides cellulosolvens ATCC 35603 [KNY25189]

Clostridium clariflavum DSM 19732 [AEV69860]

Pseudobacteroides cellulosolvens ATCC 35603 [KNY28459]

Mastigocladopsis repens [WP_017317413]

Desulfotomaculum gibsoniae [WP_006520327]

Anabaena cylindrica [WP_015216940]

Bacillus sp. FJAT-25509 [WP_056476305]

Syntrophaceticus schinkii [CEO90423]

Moorella thermoacetica Y72 [GAF26449]

candidate division WOR_1 bacterium DG_54_3 [KPJ70010]

Fischerella muscicola [WP_016865460]

Sphingomonas sp. PAMC 26605 [WP_010183759]

Roseobacter sp. SK209-2-6 [WP_037254924]

Solitalea canadensis [WP_014680068]

Thermoanaerobacter wiegelii [WP_014062639]

Methylobacterium nodulans [WP_015929638]

Paenibacillus sp. URHA0014 [WP_028554686]

Rhodomicrobium udaipurense [WP_037239626]

Paenisporosarcina sp. TG-14[WP_017380287]

Bacillaceae bacterium MTCC 10057 [KKB43681]

Tepidanaerobacter acetatoxydans [WP_013777447]

Chthoniobacter flavus [WP_006981212]

Paenibacillus sp. HW567 [WP_019914752]

Caldanaerobius polysaccharolyticus [WP_051585930]

Bacillus clausii [WP_062747188]

Tolypothrix bouteillei [WP_038075309]

Crinalium epipsammum [WP_015204727]
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Enterorhabdus mucosicola [WP_051190877]

Wolbachia endosymbiont of Cimex lectularius [BAO99742]

Chrysosporum ovalisporum [CEJ42402]

Collinsella sp. CAG_398 [CDD42397]
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Collinsella aerofaciens [WP_040359671]

Enorma massiliensis [WP_019128773]

Olsenella profusa [WP_021726244]

Olsenella scatoligenes [WP_059055580]

Collinsella sp. CAG_289 [CDD86505]

Cryptobacterium curtum [WP_012803443]

Bifidobacterium bifidum [WP_047290599]

Shewanella woodyi [WP_012326892]

Mangrovimonas sp. ST2L12 [WP_053976991]

Enterococcus saccharolyticus [WP_016176015]

Andreprevotia chitinilytica [WP_051710891]

Paludibacter jiangxiensis [GAT61961]

Clostridium sp. CAG_288 [CDE15588]

Halonatronum saccharophilum [WP_051412234]

Firmicutes bacterium CAG_822 [CCY47104]

Bacillus cereus [WP_016098159]

Atopobium vaginae [WP_006302808]

Bergeyella zoohelcum [WP_002687901]

Cetobacterium somerae [WP_023050192]

Firmicutes bacterium CAG_631 [CCZ85635]

Paenibacillus sp. FJAT-27812 [WP_053372711]

Firmicutes bacterium CAG_345 [CDD23436]

Actinoplanes missouriensis [WP_014444184]

Holomastigotoides minor

Cononympha leidyi
Holomastigotoides hartmanii

Holomastigotoides minor

Reticulitermes speratus [BAE53452]

Treponema azotonutricium [WP_015709918]

uncultured bacterium [AMO13186]

Pseudobutyrivibrio xylanivorans [P83513]

Herbinix luporum [CUH92150]

Lachnospiraceae bacterium P6A3 [WP_031584644]

Ruminococcus sp. CAG_353 [CDE82565]

Eubacterium siraeum [CBL33926]
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Acetohalobium arabaticum  [WP_013278537]

Thermoanaerobacterium aotearoense [WP_014758396]
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Ruminococcus bromii L2-63 [CBL15276]

Subdoligranulum sp. CAG_314 [CDE71173]
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Anoxybacillus flavithermus AK1 [EMT46851]
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Clostridium sp. CL-6 [WP_040193364]

Eubacterium sp. CAG_202 [CDC02037]

Thermobrachium celere DSM 8682 [CDF58500]

Caldicellulosiruptor saccharolyticus [WP_011917529]

Clostridium sp. CAG_964 [CDC82830]

Eubacterium sp. CAG_180 [CCY89808]

bacterium MS4 Bacteria[WP_038324056]

Desulfotomaculum alcoholivorax [WP_027365523]

Syntrophothermus lipocalidus [WP_013175678]

Sporomusa [WP_021166811]

Pelosinus fermentans [WP_007957817]

Thermosinus carboxydivorans [WP_007290106]

Paenibacillus [WP_057304256]

Carboxydothermus ferrireducens [WP_028052661]

Paenibacillus assamensis [WP_028595165]

Propionispora sp. 2/2-37 [WP_054260449]

Paenibacillus fonticola [WP_019635806]

Paenibacillus mucilaginosus [WP_014652998]

Paenibacillus chitinolyticus [WP_042235565]

Calditerricola satsumensis [WP_054670881]

Cohnella panacarvi [WP_027087392]

Paenibacillus [WP_048749360]

Paenibacillus darwinianus [WP_036580129]

Paenibacillus larvae [WP_024095361]

Paenibacillus daejeonensis [WP_051108797]

Thermoactinomyces [WP_037997897]

Brevibacillus laterosporus [WP_003333747]
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Supplementary Figure 12 Maximum likelihood (ML) tree of nodB gene. 453 sequences with 183 

amino acid positions were analyzed by the ML method. The sequences from Coptotermes formosanus 

symbionts are colored in red. The accession number of each operational taxonomic unit is indicated in 

parentheses. Only the bootstrap probabilities greater than 70 are given above the node. Other details 

are the same as in the legend for Fig. 5c. 


