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Abstract

In contrast to gut, the oral microbiome of MS patients has not been characterized. Deep 

sequencing of saliva DNA from a pair of monozygotic twins (MSF1 with relapsing remitting MS; 

MSF2 with clinically isolated syndrome) identified 2,036 bacterial species. Relative abundances of 

3 phyla were higher, and 3 lower in MSF1 versus MSF2. Species diversity was greater in MSF2, 

and 20 abundant species differed at least 2-fold. Pathway analysis identified 116 functional 

hierarchies differing 50% or more. Although limited to one pair of twins, our data suggests that 

oral microbiome analysis may be useful for diagnosis or monitoring therapeutic efficacy.
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Introduction

The precise etiology of multiple sclerosis (MS) remains to be determined, however recent 

progress in characterizing genetic diversity helps to distinguish genetic and environmental 

determinants. The first genetic factor identified for MS susceptibility was major 

histocompatibility locus HLA, with the main risk factor identified as HLA-DRB1*15:01, 
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later found to be associated with earlier onset and faster conversion from clinically isolated 

syndrome (CIS) to definite MS (Isobe et al., 2016). The first genetic variants associated with 

MS disease course were found by whole exome sequencing that located variants in 3 non-

HLA genes (Gil-Varea et al., 2018). More recent genome wide association studies (GWAS) 

(Beecham et al., 2013, George et al., 2016) led to identification of hundreds of risk factors 

for MS, but each having only a small effect on overall risk, and in total thought to account 

for up to 25% of total genetic inheritability (Patsopoulos, 2018).

In contrast to human genetic variants, it is now accepted that microorganism levels and 

diversity in human tissues are associated with disease progression and severity. Numerous 

factors induce changes in the microbiome including diet, social interactions, stress, and 

medications. Knowledge of microbiome structure could help guide therapeutic approaches 

to increase levels of beneficial taxa, while reducing levels of detrimental microorganisms. 

Differences in biomes could also help account for the fact that identical twins have only 30% 

concordance of MS (Kuusisto et al., 2008). Although fecal samples are most often used as a 

proxy for the gastrointestinal microbiome, saliva has a similar degree of microbial diversity, 

and the relative ease of obtaining samples has led to it being used to examine microflora 

changes in neurodegenerative diseases (Boaden et al., 2017, Liu et al., 2019, Panza et al., 

2019, Singhrao and Olsen, 2019).

The aim of the current study was to investigate the oral microbiome of MS patients and 

determine how that differs between MS patients with different disease severity. To minimize 

the contribution of human genetic differences, we analyzed saliva from a pair of identical 

twins discordant for MS disease severity cohabitating with similar diets, one with a 

diagnosis of CIS, the other with RRMS. We report on the differences between twins at 

phyla, genera, and species levels; discuss similarities to the gut microbiota dysbiosis 

reported for MS patients; and the pathways found enriched in either twin.

Material & Methods

Patients

Identical female twins MSF1 and MSF2 of Hispanic descent were identified at the UIC MS 

clinic as part of our previous study to characterize a small nucleotide polymorphism in the 

STK11 gene encoding liver kinase B1 (Boullerne et al., 2015). MSF1 was diagnosed at age 

25 with relapsing remitting MS (RRMS) based on clinical, imaging, and laboratory data; 

MSF2 was diagnosed at age 26 with clinically isolated syndrome (CIS) based on clinical and 

MRI data (Supplement 1). At the time of sample collection both were 32 years-old, MSF1 

had an expanded disability status scale (EDSS) score of 1.0 and MSF2 had an EDSS score 

of 0 according to the 2017 revised McDonald’s criteria (Thompson et al., 2018). Significant 

co-morbidities were uterine fibroids and ovarian cysts in both twins. Both twins self-

reported to not taking any disease modifying therapies for at least 18 months before samples 

were collected, and neither reported any gum disease or other oral disease. Short Tandem 

Repeat (STR) profiling (Promega PowerPlex® Fusion Systems) carried out by the 

Molecular Pathology laboratory at UIC gave a random match probability of 2.3×10−33 

across 24 loci, confirming monozygosity. MSF1 and MSF2 were consented and the study 

carried out under UIC IRB protocol 2001–0721.
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Samples

Saliva samples were collected from MSF1 (Omnigene-oral-501 kit, DNA Genotek, Ottawa, 

Canada) and MSF2 (Saliva kit RU49000, Norgen Biotek, Ontario, Canada). At the time 

DNA collection, both twins had been living together, sharing a similar life style, were 

following identical low-fat, vegetable-rich diet, and were off medication for 18 months. 

Neither were tobacco users nor had antibiotic exposure over the month before sample 

collection. Genomic DNA (gDNA) was extracted using QIAGEN Allprep kit (Cat # 80204) 

per manufacturer’s recommendations, quality determined using TapeStation2200, and 

quantified using a Qubit 2.0 (Invitrogen) fluorimeter. Samples were stored at 80°C until use. 

Saliva samples (n=80) from a cohort of healthy individuals of Hispanic descent living in the 

Chicago area were collected, genomic DNA isolated, and microbial taxa determined by 16S 

rRNA sequencing as part of a larger study examining the diversity of the oral microbiome in 

dentate versus edentulous individuals (Gazdeck et al., 2019).

Whole Genome Sequencing

Whole Genome Sequencing was carried out by Novagene (Beijing, China). Libraries were 

prepared from 1 μg gDNA (Illumina Truseq Nano DNA HT Sample Preparation Kit) 

following manufacturer’s recommendations. Briefly, gDNA samples were sheared by 

sonication to 350bp, fragments endpolished, poly(A) -tailed and amplified by PCR. Paired-

end 150bp reads were sequenced on an Illumina HiSeq X System. High quality raw 

sequence reads provided a depth of 50x coverage for MSF1 and 54x for MSF2. Mapping 

was performed using the BWA-MEM assembler with soft clipping against the human 

reference genome version hg38 masked for low complexity regions. Resulting BAM files 

were cleaned of PCR duplicates using PICARD software.

Taxonomic profiling

Raw reads that were unmapped against reference genome hg38 were mapped to the NCBI 

noredundant nucleotide (nrNT) database using Centrifuge (Kim et al., 2016). MSF1 had 

28.5M unmapped read pairs out of 640M total, and MSF2 had 6.2M unmapped read pairs 

out of 722M total. Taxonomic annotations for each read were obtained using the least 

common ancestor algorithm (MEGAN), then summarized across all reads to create counts 

per taxon.

Functional profiling

Raw reads were mapped to the Swissprot protein database using DIAMOND (Buchfink et 

al., 2015). Gene ortholog annotations were assigned using the consensus of aligned 

references and summarized across all reads to create counts per ortholog for each sample. 

Higher level summaries of orthologous functions were created using KEGG BRITE 

hierarchical annotations (Kanehisa et al., 2017).

Results

Unmapped read pairs from MSF1 and MSF2 were mapped to the NCBI non-redundant 

nucleotide (nrNT) database, which yielded 15.14M read pairs for a total of 2.32 Gbp for 

MSF1, and 2.83M read pairs for a total of 0.45 Gbp for MSF2. Based on this difference, for 
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subsequent comparisons we normalized MSF2 reads by a factor of 5.184. The majority of 

reads mapped to Bacteria (97.8%), with a small percentage mapping to Archaea (0.04%), 

Virus and Phage (0.2%), and Eurkaryota (2.0%). Mapping identified 8,033 different 

annotated taxa (Table S1). This list was filtered to remove species annotations that were 

reflective of sample origin, rather than a curated species name – those containing ‘clone’, 

‘symbiont’, ‘uncultured’, ‘unidentified’, ‘other’, ‘sp.’, or ‘bacterium’ were excluded, 

resulting in removal of 4,091 annotated taxa (Table S2). These constituted a small 

percentage of total reads (1.51M reads, or 10% for MSF1; 2.27M reads, or 15% for MSF2), 

with only 2 taxa having an abundance greater than 1%. The remaining 3,942 taxa were 

filtered for ones having <100 reads in both MSF1 and MSF2 which led to removal of 1,906 

taxa (0.25% of all reads). The remaining taxa (Table S3) could be assigned to 35 different 

phyla (Table S4), 64 classes, 145 orders, 308 family, 829 genera (Table S5), and 2,036 

species (Table S6). There were 6 phyla which accounted for >98.7% of all sequences in 

either MSF1 or MSF1 (Figure 1A). Of those, 3 (Firmicutes, Bacteroidetes, and 

Actinobacteria) were higher in MSF1 than in MSF2; while 3 (Proteobacteria, Fusobacteria, 

and Spirochaetes) were higher in MSF2 than in MSF1.

Of the 829 different genera identified, 645 were present in MSF1 with abundance >100, and 

812 in MSF2 having >100 reads. Of those, 628 were shared, with 17 genera unique to MSF1 

and 184 unique to MSF2. The unique genera were all present at 0.01% or less abundance. In 

MSF1 10 genera were present at 1% or greater abundance, which together comprised 91.1% 

of all genera (Figure 1B). In MSF2, 15 genera were present at 1% or greater, making up 

88.7% of all genera. Amongst those, 5 Campylobacter, Rothia, Veillonella, Atopobium, and 

unknown) were approximately 2-fold or more higher in MSF1 than MSF2, while 7 

(Aggregatibacter, Neisseria, Serratia, Treponema, Filifactor, and Capnocytophaga) were 2-

fold or more higher in MSF2. The distribution and evenness of genera is higher in MSF2 

(Shannon H-value of 2.85; 43% of the maximum of 6.7) compared to MSF1 (Shannon H-

value of 2.42; 37% of the maximum of 6.5).

Overall species diversity was lower in MSF1 with 1,515 different species (>100 reads) 

compared to MSF2 having 1,975 different species (>100 reads). In MSF1, there were 17 

species with a relative abundance of >1%, which together comprised 81% of all sequences 

annotated to the species level. In MSF2, there were 23 species with a relative abundance of 

>1%, and together these taxa comprised 73% of all sequences annotated to the level of 

species. 8 species were at least 2-fold higher in MSF1 versus MSF2 (Figure 1C) and 12 were 

at least 2-fold higher in MSF2 than in MSF1. There were 1,454 species shared between 

MSF1 and MSF2, with 61 unique to MSF1 and 521 unique to MSF2 resulting in 8.5-fold 

more unique species in MSF2 (Table 1). The distribution and evenness of species 

represented in the Shannon H-value was 3.81 (57% of the maximum of 6.72) for MSF2 

compared to 3.26 in MSF1 (49% of the maximum of 6.72).

Pathway analysis identified 7 BRITE level 1 hierarchies present at roughly equal abundance 

in both patients (Figure 2A). Differences between the twins could be observed upon 

classification into level 2 BRITE hierarchies, which identified 5 pathways present at 0.05% 

abundance or greater that differed by at least 20% between MSF1 and MSF2 (Figure 2B). 

Classification into level 3 BRITE hierarchies identified 116 that differed by at least 50% 
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between twins, of which 21 were present at 0.005% abundance or greater (Figure 2C). Of 

those 15 features were present at higher relative abundance in MSF2 relative to MSF1, while 

6 features were lower in MSF2. Features with the largest differences were related to 

proteasome function (2-fold higher in MSF1) and phosphonate and phosphinate metabolism 

(3-fold higher in MSF2).

We compared the relative abundancies of the twins to those determined in a cohort of 

healthy individuals (HCs) of Hispanic descent living in the Chicago area. At the phyla level 

(Table S4) the relative abundance of bacteroidetes and proteobacteria were higher in both 

twins compared to the HCs, while levels of firmicutes and actinobacteria were lower. At the 

genus level (Table S5), relative levels of prevotella, rothia, and haemophilus were higher in 

both twins compared to HCs, while levels of streptococcus and actinomyces were lower. In 

addition, Shannon alpha diversities of genera in the twins (2.42 and 2.85) are comparable to 

the Shannon diversity of the HCs (2.84 ± 0.40, mean ± sd).

Discussion

Several studies have reported gut microbiome dysbiosis in MS patients compared to healthy 

controls, however to our knowledge the current study represents a first characterization of 

the MS oral microbiome. We evaluated microbiota in saliva samples from a pair of identical 

twins discordant for MS severity, where one (MSF2) had an ongoing CIS diagnosis 10 years 

after initial diagnosis, and the other (MSF1) a diagnosis of RRMS. At the time of DNA 

collection, the twins followed identical low-fat vegetable-rich diets, had no oral abscesses or 

mucosal lesions, and were off medication for 18 months. While small differences in relative 

microbiota abundance were apparent at higher taxonomic levels, for genera and species 

present at 1% abundance or greater we observed differences as large as 36-fold. In contrast, 

a comparison of the gut microbiome analyzed using 16S rRNA gene amplicon sequencing in 

identical twins discordant for MS severity showed few differences (Berer et al., 2017). In 

that study 34 twin pairs were examined in which one of the twins was unaffected; however, 

no differences were found in genera richness or abundance. Differences were observed when 

patients were stratified for use of disease modifying therapies, with the relative abundance of 

Akkermansia muciniphila higher in untreated patients compared to healthy controls. In 

contrast we found that the relative abundance of A. muciniphila was about 2-fold higher in 

MSF2 versus MSF1 (0.0036% versus 0.0018%).

Our approach of using whole genome sequencing (WGS) combined with alignment to the 

non-redundant nucleotide (nrNT) database allowed us to identify 8,033 species or species-

level taxonomic features. Filtering of that data to remove taxa with unclear annotations 

(clone, symbiont, uncultured, unidentified, other, sp., bacterium) and any species detected at 

<100 reads (equivalent to 0.001% abundance) resulted in 2,036 species, 829 distinct genera, 

and 35 distinct phyla. In contrast, the current human oral microbiome database (HOMD) 

(Escapa et al., 2018) contains 15 different phyla, 211 genera, and 771 species. Of the 2,026 

species we identified by shot-gun approach, 225 are listed in HOMD comprising 93.0% of 

all species; of the 829 genera 121 are in HOMD and comprise 95.8% of all genera, and of 

the 135 phyla only 10 are in HOMD comprising 99.3% of all phyla (Tables S4–6, 

highlighted entries). Re-analysis using only genera and species found in HOMD (Table 1) 
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yields lower Shannon diversities and higher evenness in both MSF1 and MSF2; however, 

both diversity and evenness remain higher in MSF2 than MSF1.

There are several reasons that can account for the large difference in our results compared to 

the HOMD data. First, alignment to the nrNT identifies taxa whose annotations are not 

clearly associated with a defined species, but instead with sample origin. There are also 

distinct annotations in nrNT assigned to the same species, or to species at the strain level; 

and there are sequences for non −16S rRNA bacterial genes detected in nrNT not yet 

assigned to well annotated species and hence are not listed in HOMD. These differences are 

also consistent with a study in which 16S rRNA amplicon sequencing was directly 

compared to deep WGS using the same fecal sample (Ranjan et al., 2016), and which 

showed that WGS identified approximately twice as many species as the 16S method; and 

overall diversity was much greater. Identification of about 2,000 species in the current study 

is therefore in line with their finding of over 4,000 species in the fecal microbiome by WGS.

A comparison of differences between MSF1 and MSF2 to differences reported between gut 

microbiomes of MS patients and healthy controls (HC), or between patients with active 

versus nonactive disease) shows some similarities (Table 2). At the phylum level, 

Actinobacteria and Proteobacteria were decreased (Chen et al., 2016) in the gut biome of 

RRMS patients with active disease compared to HCs; in the current study Proteobacteria 

was lower, although Actinobacteria was higher in MSF1. Several genera and species were 

present at lower levels in the gut microbiome of MS patients compared to HCs, and lower 

levels of some of these were also seen comparing MSF1 to MSF2. While this suggests that a 

subset of relative abundance changes in oral taxa may parallel changes in the gut, only few 

studies have directly compared oral to gut (using fecal samples) microbiomes, and show that 

these microbiomes are highly distinct, with only weak correlations observed (Lokmer et al., 

2020, Russo et al., 2017, Stewart et al., 2018).

In humans, two phyla dominate in the gut: Firmicutes (associated with a Western, carnivore 

diet) and Bacteroidetes (associated with a vegetarian and omnivore diet). MS patients with 

greater disease activity have a higher ratio of Firmicutes to Bacteroidetes in the gut 

(Cosorich et al., 2017). It was also reported that RRMS patients have increased 

Actinobacteria; and decreased Bacteroides compared to healthy controls (Furusawa et al., 

2015); and that levels of Bacteroides were inversely correlated with Treg numbers in MS 

patients, while Fusobacteria correlated with Tregs in healthy controls (Tremlett et al., 2016). 

Consistent with these findings, in MSF2 the relative level of Firmicutes to Bacteroides 

(24.9% versus 37.5%) is less than in MSF1 (35.4% versus 40.0%); levels of Actinobacteria 

were higher in MSF1 than MSF2 (7.7% versus 5.3%); and levels of Fusobacteria were lower 

in MSF1 than MSF2 (4.6% versus 7.0%). Correlation of these differences with MS disease 

may be due in part to reduced bacterial production of metabolites such as short chain fatty 

acids (SCFAs, primarily due to Bacteroides) which have well-characterized anti-

inflammatory effects and can promote regulatory Tcell numbers and function (Furusawa et 

al., 2015, Melbye et al., 2019, Smith et al., 2013). In this regard, it was reported that in 

RRMS patients (Jangi et al., 2016), the relative abundance of several bacterial genus 

involved in the metabolism of the SCFA butyrate were lower as compared to healthy 

controls. Butyrate is a bacterial-derived metabolite that can increase the population of 
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regulatory T cells (Furusawa et al., 2015), which suppress Th1 Tcell activation and 

production of inflammatory factors. Inspection of our data (Table S7) shows 11 different 

bacterial species associated with butyrate metabolism, all 1.5 to 3-fold higher in MSF2 than 

in MSF1.

Amongst the most abundant species in both MSF1 and MSF2 is Porphyromonas gingivalis 
(P. gingivalis), which accounted for 1.8% of all species in MSF1 and 3.1% in MSF2. This is 

in contrast with abundance levels reported in 16s rRNA analysis of salivary samples from 

HCs of 0.0036% (Damgaard et al., 2019) and 0.09% (Chen et al., 2019), this difference may 

be due in part to the method of measurement (shot-gun versus 16s RNA amplicon 

sequencing). P. gingivalis is an established biomarker for periodontitis (Szafranski et al., 

2015), and produces proinflammatory serine dipeptide lipids, and lipopolysaccharide-G 

which can activate cytokine production from monocytes (Ballerini et al., 2017). Moreover, 

both oral infection and subcutaneous injection with P. gingivalis worsened EAE (Polak et al., 

2018, Shapira et al., 2002). These data suggest that P. gingivalis in the oral cavity may 

contribute to inflammatory activation in these patients.

Functional analysis identified several BRITE hierarchies which target a specific metabolite, 

or metabolite class. This includes pathways involved in phosphonate, ether lipids, alpha-

linolenic acid, and geraniol metabolism. Although these were present at relatively low 

abundance (from 0.005% to 0.01%), they were present at 2.5 or greater abundance in MSF2 

than MSF1. Interestingly, these have been suggested to play protective roles in EAE or to 

reduce inflammatory responses. The ether phospholipid edelfosine reduces EAE disease 

(Abramowski et al., 2014b, Chabannes et al., 1992) and Tcell activation (Abramowski et al., 

2014a). Linolenic acid delays onset and severity in EAE (Adkins et al., 2019) and is 

associated with lower MS risk (Bjornevik et al., 2017, Bjornevik et al., 2019). Geraniol has 

anti-inflammatory properties (Huang et al., 2018, Jiang et al., 2017). Bisphosphonates have 

been tested for efficacy in a variety of neurological diseases acting through inhibition of 

mevalonate pathways; inhibition of isoprenoid synthesis; and regulation of cholesterol 

synthesis (Zameer et al., 2018). Two other pathways at higher levels in MSF2 are African 

trypanosomiasis and Chagas disease. Mice with Trypanosoma bruci infection developed less 

severe and delayed EAE (Wallberg and Harris, 2005), while infection with Trypanosoma 
cruzi led to immunosuppression and reduced EAE (Tadokoro et al., 2004). In contrast the 

only metabolite pathway enriched in MSF1 was nitrotoluene degradation, a chemical used in 

manufacture of pigments, photographic chemicals, and agricultural chemicals. As there are 

no reports of nitrotoluene in EAE or MS, it is not known if alterations in genes involved in 

its degradation could influence disease.

Comparison of relative taxa abundancies in MSF1 and MSF2 to HCs shows several 

differences. While these may reflect the limited nature of the current study, increased levels 

of proteobacteria (Qiao et al., 2018) and bacteroidetes, and reduced levels of firmicutes were 

also been found when comparing the saliva microbiome of patients with autism to HCs 

(Kong et al., 2019); and differences at the genus level when comparing the buccal 

microbiome of Parkinson’s disease patients to HCs (Pereira et al., 2017).

Boullerne et al. Page 7

J Neuroimmunol. Author manuscript; available in PMC 2021 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Our study has several limitations, the most important that a single pair of monozygotic twins 

was analyzed, preventing statistical comparisons to be made. Second, although neither twin 

reported gum disease or oral infection, we did not carry out oral examinations before sample 

collection which could have influenced the microbiome. As this was a pilot study, we die not 

compare the oral microbiome of the twins to matched healthy controls. Finally, we obtained 

saliva samples from MSF1 and MSF2 using 2 different saliva collection kits, which could 

introduce variance. However, both kits are reported by the manufacturers to provide over a 

year stability, with no significant degradation of high molecular weight DNA or reduction in 

qPCR analysis for specific targets; and both include reagents to prevent growth of gram-

negative and gram-positive bacteria and fungi, and to inactivate viruses. While a direct 

comparison of these kits has not been reported, the respective versions sold to isolate DNA 

from stool have been compared directly and shown to produce no differences in sample 

richness, alpha or beta diversity, or phylum or genera level composition when tested on the 

same samples (Iizumi et al., 2017, Watson et al., 2019). This suggests that any differences in 

these kits would be unlikely to have contributed to observed oral microbiome differences.

In summary, comparison of the oral microbiome in saliva samples from monozygotic twins 

discordant for MS severity revealed differences at all taxonomic levels. Several are 

consistent with ones reported in the gut microbiome between MS patients and HCs, or 

patients with active versus inactive disease. This may reflect displaced gut bacteria present at 

low levels in saliva or bacteria that reside on oral surfaces in addition to the gut. Although 

we characterized the salivary biome of monozygotic twins living under similar conditions 

including diet and overall health status, other environmental influences likely contribute to 

the differences observed (Gomez and Nelson, 2017) and it has been reported that 

environment is the dominant factor that dictates the oral microbiome rather than host 

genetics (Shaw et al., 2017). Further studies using large group sizes will be needed to dissect 

these relative contributions. Since MSF1 and MSF2 reflect differences in MS clinical 

presentation we suggest differences in oral microbiome diversity and speciation may reflect 

loss of tolerance which may not parallel similar gut interactions because of unique oral 

immunologic activity (e.g., variation in oral mucosa site specific keratinization and 

physiology, number and type of immune effectors, and presence of γ/δ TCR vs α/β TCR). 

Our findings are limited in scope to analysis of a single pair of twins, but due to the 

increased depth of shot-gun sequencing, supplies a long list of taxa and bacterial genes that 

can be found in the saliva of MS patients that may normally go undetected. The data thus 

provide groundwork for further studies to validate analysis of the oral biome as an easily 

accessible sample source as a prognostic or diagnostic tool.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• In contrast to the gut, the oral microbiome of MS patients has not been 

examined

• Shot-gun sequencing of saliva DNA from monozygotic twins discordant for 

MS identified over 2000 species

• Differences between the twins were present at all taxonomic levels

• Several differences parallel those reported for the gut microbiome between 

MS and controls

• Examination of the oral microbiome could help inform as to MS diagnosis, 

severity, and treatment.
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Figure 1. 
Relative taxa abundance in monozygotic twins discordant for MS severity

Total reads were summed for each unique (A) phylum, (B) genus, and (C) species present in 

saliva DNA isolated from MSF1 and MSF2. For genus and species, only those present at 1% 

or greater abundance are shown. The ratio of reads in MSF1 compared to MSF2 is shown.
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Figure 2. 
Pathway analysis of encoded proteins

Total reads for MSF1 and MSF2 were translated to proteins, then analyzed for KEGG 

BRITE hierarchical annotations. (A) Level 1; (B) Level 2; (C) Level 3 hierarchies. The 

KEGG identifiers are provided for all hierarchies.
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Table 1:

Genus and Species distribution in MSF1 and MSF2

Total Uique* Unique MSF2:MSF1 Shared Shannon Diversity Shannon Evenness

Genera in nrNT MSF1
MSF2

645
812

17
184 10.8 628 2.42

2.85
0.37
0.43

Genera in HOMD MSF1
MSF2

115
121

0
6 n/a 115 2.13

2.47
0.45
0.52

Species in nrNT MSF1
MSF2

1,515
1,975

61
521 8.5 1,454 3.26

3.81
0.49
0.57

Species in HOMD MSF1
MSF2

200
211

14
25 1.9 186 2.87

3.27
0.53
0.60

*
Unique is defined as having less than 100 reads in one twin but not the other
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Table 2:

Taxa differences shared in gut and oral microbiomes

Taxa Level MSF1:MSF2 MS:HC Reference

Phylum

Proteobacteria Down Down (Chen et al., 2016)

Genus

Anaerostipes Down Down (Miyake et al., 2015)

Faecalibacterium Down Down (Miyake et al., 2015)

Slackia Down Down (Jangi et al., 2016)

Haemophilus Down Down (Chen et al., 2016)

Lactobacillus Down Down (Chen et al., 2016)

Parabacteroides Down Down (Chen et al., 2016)

Atopobium Up Up (Tremlett et al., 2016)

Bifidobacterium Up Up (Tremlett et al., 2016)

Megamonas Up Up (Tremlett et al., 2016)

Megasphaera Up Up (Tremlett et al., 2016)

Prevotella Up Up (Tremlett et al., 2016)

Species

[Eubacterium] rectale Down Down (Miyake et al., 2015)

Anaerostipes hadrus Down Down (Miyake et al., 2015)

Prevotella stercorea Down Down (Jangi et al., 2016)

Faecalibacterium prausnitzii Down Down (Tremlett et al., 2016)

Eggerthella lenta Up Up (Miyake et al., 2015)

Streptococcus thermophilus Up Up (Miyake et al., 2015)
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