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KEYWORDS Abstract Fecal microbiota transplantation (FMT) of human fecal samples into germ-free (GF) mice

Germ-free mice; is useful for establishing causal relationships between the gut microbiota and human phenotypes.

Fecal microbiota However, due to the intrinsic differences between human and mouse intestines and the different

transplantation; diets of the two organisms, it may not be possible to replicate human phenotypes in mice through

Gut microbe; FMT; similarly, treatments that are effective in mouse models may not be effective in humans. In

Iliélster]gtlz&e; this study, we aimed to identify human gut microbes that undergo significant and consistent changes
r

(i.e., in relative abundances) after transplantation into GF mice in multiple experimental settings.
We collected 16S rDNA-seq data from four published studies and analyzed the gut microbiota pro-
files from 1713 human-mouse pairs. Strikingly, on average, we found that only 47% of the human
gut microbes could be re-established in mice at the species level, among which more than 1/3 under-
went significant changes (referred to as “variable taxa”). Most of the human gut microbes that
underwent significant changes were consistent across multiple human—mouse pairs and experimen-
tal settings. Consequently, about 1/3 of human samples changed their enterotypes, i.e., significant
changes in their leading species after FMT. Mice fed with a controlled diet showed a lower enter-
otype change rate (23.5%) than those fed with a noncontrolled diet (49.0%), suggesting a possible
solution for rescue. Most of the variable taxa have been reported to be implicated in human dis-
eases, with some recognized as the causative species. Our results highlight the challenges of using
a mouse model to replicate human gut microbiota-associated phenotypes, provide useful informa-
tion for researchers using mice in gut microbiota studies, and call for additional validations after
FMT. An online database named FMT-DB is publicly available at http://fmt2mice.humangut.
info/#/.
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Introduction

In recent years, it has been well established that alterations in
the gut microbiota are linked to many aspects of human health
and diseases [1-5], with many alterations playing causative
roles. For example, microbiota may play fundamental roles
in the induction, training, and function of the host immune
system, and several studies have shown that gut microbes are
associated with the occurrence and development of diseases
[6-8]. However, establishing causal relationships between gut
microbiota alterations and human phenotypes has proven to
be difficult, despite advances in computational and experimen-
tal techniques [9].

Fecal microbiota transplantation (FMT) of human fecal
samples (fresh or frozen) into germ-free (GF) mice is one of
the few available methods to establish causal relationships
between human phenotypes and altered gut microbiota
[10,11]. These humanized mice could be used to replicate
human phenotypes at both physiological and molecular levels,
to study the relative contribution of the respective microbiota
to host dysfunctions or disease phenotypes, and to test the
effects of perturbations of certain species (often by the addi-
tion of lab-cultured species into mice) on the phenotypes of
interest [12,13]. These humanized mice are thus also extremely
valuable for finding possible intervention methods for human
diseases. Numerous successful applications of such methods
have been reported in the past few years [14-17]. For example,
recent studies have shown that the addition of Bifidobacterium
longum, Collinsella aerofaciens, and/or Enterococcus faecium to
GF mice receiving FMTs from nonresponding patients can
greatly increase the efficacy of anti-programmed death-ligand
1 (anti-PD-L1) therapy [18]. Similarly, age-associated differ-
ences in IgA responses can be replicated in young GF mice,
and those that receive FMTs from infants can be used to
demonstrate the influence of genetic factors on the develop-
ment of the gut microbiota and mucosal IgA responses [19].

However, engraftment of fecal microbial communities from
human feces into GF mice results in only a partial resemblance
to the donor microbiota [14], favoring phylotypes that get
adapted to the recipient species, due to the genetic, behavioral,
physiological, and anatomical differences between the guts of
mice and humans [20,21]. For example, mouse intestinal villi
are taller than their human counterparts, and the intestinal
pH of mice is lower than that of humans [22]. Additionally,
mice have a large cecum, which is an important site for fermen-
tation, while the human cecum is relatively small [20,21]. Con-
sequently, native gut microbes in mice and humans are vastly
different. For example, a recent study has shown that only 4%
of human and mouse gut microbes shared 95% identity and a
coverage of 90% [10,11,20,23]. These results are consistent
with the fact that most pathogens are able to infect multiple
hosts, but some are highly adapted to a single host [24].

Having become aware of the differences between human
and mouse guts and their important implications, researchers
have taken measures to reduce the impacts of these differences
on FMT by using pilot experimental methods to select the
most suitable model animals for studying certain bacteria
and/or feeding mice with human food [25]. The use of other
models has also been considered recently [26]. Many studies
have shown that gut microbes can be (at least partially) influ-
enced by diet [27]. For example, an increased abundance of

Prevotella is associated with increased dietary fiber in humans
[28]. These efforts are, unfortunately, not pain-free and call for
a systematic analysis of the alterations in human fecal samples
after transplantation into mice.

To address these issues, we conducted a systematic meta-
analysis using published human-to-mouse FMT datasets. We
collected 16S rDNA-seq data from 1713 human—mouse pairs
from four published studies (Table 1) [19,27,29,30]. These data
contained fecal microbiota sequencing information of both the
human (before FMT) and the corresponding recipient mouse
(after FMT). We compared the changes in the relative abun-
dances of the same species/genus in these human—mouse pairs
and identified consistently changed species. These species had
relative abundances higher than 0.1% and showed significant
changes (with |Log, median FC| > 1; FC, fold change) after
FMT, which were abundantly present in a significant propor-
tion of human—-mouse pairs. In addition, we also identified
variable species, i.e., those with significantly changed relative
abundances after FMT. Our results would be informative to
researchers who use (or plan to use) GF mice in their gut
microbiota studies. In addition, our analysis also calls for addi-
tional validations of the species of interest after FMT, e.g., to
check whether the significantly changed species in different
phenotype groups are still significantly changed after FMT.
To date, this type of validation has been mostly ignored.

Results

Less than 50% of human gut microbes at the species level could
be re-established in mice after FMT

We collected data from a total of 1713 human-to-mouse FMT
experiments and analyzed the relative microbe abundances in
fecal samples from the human donors and the corresponding
GF mouse recipients (see the Materials and methods for
details). For each human—mouse pair, we computed the rela-
tive abundances before and after FMT. We first checked
how many gut microbes could be re-established in mice after
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Figure 1  47% (at the species level) and 60% (at the genus level) of

human gut microbes could be re-established in the mouse gut after
FMT

We limited our analysis to taxa that were supported by at least five
sequencing reads in both human and mouse samples in each of the
human-mouse pairs. FMT, fecal microbiota transplantation.
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FMT. We limited our analysis to taxa that were supported by
at least five sequencing reads in both samples of the human—
mouse pairs. As shown in Figure 1, on average, only 47% of
human gut microbes could be re-established in the mouse
gut at the species level after FMT; at the genus level, 60%

could be re-established. These numbers are consistent with
some previous results [29] but significantly differ from others.
For example, using 64 human—-mouse pairs, Turnbaugh et al.
[31] found that 50%-90% of human gut microbes at the genus
level could be re-established in mice after FMT. However,
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Figure 2 Variable genera show significant changes in relative abundances after FMT
A. Box plot showing variable genera with significantly increased changes in relative abundances after FMT. Log, median FC > 1.
B. Box plot showing variable genera with significantly decreased changes in relative abundances after FMT. Log, median FC < —1.

Log, median FC, logy-transformed median fold change.
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these re-establishment rates were all based on a much smaller
number of FMT experiments.

Over one-third of the re-established gut microbes are significantly
and consistently changed in relative abundances after FMT into
GF mice

To capture consistent changes in gut microbes, we also
required a species or genus to be present in at least five
FMT pairs and under two experimental conditions with a min-
imal relative abundance of 0.1% in each sample (before and
after FMT). We estimated that over 1/3 of the re-established
gut microbes were significantly and consistently changed in rel-
ative abundances after FMT at both the genus and species
levels. At the genus level, 38.9% (37/95) of the genera
identified in our study were significantly changed after FMT
(i.e., the median abundance changes were at least two-fold)

Logz median FC

(Figure 2). At the species level, 38.5% (84/218) of the species
were significantly changed after FMT (Figure S1). We refer
to these significantly changed taxonomic groups as “‘variable
genera” and “variable species”, respectively, and refer to them
together as ‘““variable taxa”; conversely, we refer to others as
“stable taxa”. As shown in Figure 3 and Figure S2, the variable
taxa showed consistent changes across the experimental
conditions.

Changes in enterotypes are relatively stable over time but are
significantly affected by diet

We also checked the changes in enterotypes after FMT.
Human gut microbes can be classified into three enterotypes,
each with a distinct leading species [32]. Our results showed
that the mixed data from humans and mice could also be clas-
sified into three enterotypes, as shown in Figure S3. Although
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Figure 3  Variable genera show consistent changes across the experimental conditions

A heatmap was plotted based on the Log, median FC values of each variable genus under 33 experimental conditions (excluding 3 control
groups) obtained from experimental condition groups of four NCBI BioProjects (Table 1). Experimental conditions from the same study
are marked with the same color (labeled on the right). Genera with significantly increased and decreased abundances are marked in red
and blue, respectively (labeled at the bottom). Row-side colors show whether controlled diets were used in the experiments, while column-
side colors show the proportion of the experimental conditions in which the genus significantly changed.
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the concept of enterotypes has recently been hotly debated,
they are nevertheless a useful approach to better understand
complex biological problems [33]. Changing from one entero-
type to another often indicates significant alterations in the
overall gut microbiota profile [32]. We calculated the entero-
types for all the fecal samples before and after FMT using a
method previously described (http://enterotype.embl.de/en-
terotypes.html). The overall classification of all samples is
shown in Figure S3. Strikingly, we found that the enterotypes
of 32.2% (551/1713) of the human samples changed after
FMT. These results are consistent with the results that 1/3 of
the re-established species and/or genera were significantly
altered in relative abundances after FMT. As shown in Fig-
ure S4, 57.2% of the type I samples changed their enterotypes
after FMT, followed by type II (31.2%) and type III (24.3%).

We next examined the factors that contribute to the enter-
otype changes. A previous study has shown that diet has a
strong influence on intestinal microbes [34]. After dividing
the human-mouse pairs into two groups according to whether
mice were fed with a controlled diet (i.e., human food; see
Materials and methods for details), we found that mice fed
with a controlled diet showed a significantly lower enterotype
change rate (23.5%) than those fed with a noncontrolled diet
(49.0%) (Figure 4A—C). As shown in Figure 4B and C, in
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the noncontrolled diet group, about 95.6%, 49.2%, and
26.8% of the human samples of enterotypes I, II, and III chan-
ged their enterotypes after FMT into GF mice, respectively.
These numbers decreased to 33.1%, 21.2%, and 23.2%,
respectively, in the controlled diet group (Figure 4A), largely
due to the decreased changes in the leading taxa of the respec-
tive enterotypes (Table S1). These results are consistent with
the previous results that diet has a significant impact on the
gut microbiota [34,35], and may provide useful hints for the
better retention of the human gut microbiota in humanized
mice. However, we found that a controlled diet may induce
additional variable taxa at both the species and genus levels
(Figure S5), indicating the complex reactions of the mouse
gut microbiota to human diets and the limited capacity of con-
trolled diets for recipient mice.

We also determined whether the gut microbiota profiles
could be different at different time points after FMT into
GF mice. Surprisingly, dividing the human—-mouse pairs into
subgroups according to the days after FMT, we found that
the enterotype change rate was relatively stable over time, with
the exception of human samples with initial enterotype II (the
green lines in Figure 4D), which had the highest rate of enter-
otype change during the first 10-20 days. We found similar
trends in GF mice fed with controlled and noncontrolled diets
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Figure 4  Changes in enterotypes after FMT to mice and the effects of diets

A. Enterotype changes in the “controlled diet” group. The recipient mice were fed with human food. B. Enterotype changes in the
“noncontrolled diet” group. The recipient mice were fed with mouse food. C. Enterotype change rates of all samples, samples in the
“controlled diet” group, and samples in the “noncontrolled diet” group. D. Enterotype change rates of samples in the “controlled diet”
group (left) and “noncontrolled diet” group (right) at different days after FMT, respectively.
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Figure 5  Species in the same genus may undergo distinct changes after FMT
Four typical patterns of species abundance change trends in a certain genus. A. Pattern 1. B. Pattern II. C. Pattern I1I. D. Pattern IV.
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(Figure 4D). These results suggest a possible “shock” period
immediately after transplantation of the fecal microbiota, fol-
lowed by adaptation and a stable state [19,36].

Species in different genera have different change trends

We next determined whether species in the same genus have
similar change trends after FMT. We identified four typical
patterns (patterns I-IV) among a total of 27 genera that con-
tained multiple species. Pattern I consists of nine genera; in this
group, most species and, frequently, the corresponding genera
are “stable taxa” (Figure 5A, Figure S6A). Pattern II also con-
sists of five stable genera (Figure 5B, Figure S6B). However,
these genera include increased or both increased and decreased
species and, sometimes, stable species; the overall abundances
of the genera were not changed after FMT. Pattern III
(Figure 5C, Figure S6C) and Pattern IV (Figure 5D, Fig-
ure S6D) consist of five increased and eight decreased “‘vari-
able genera”, respectively; the included species are either
increased/decreased variable species or stable species. These
genera account for 33.33%, 18.52%, 18.52%, and 29.63% of
the multi-species genera, respectively. These results indicate
that there are distinct species preferences for genera between
humans and mice.

Most variable taxa are linked to human health and diseases

Strikingly, we found that most of the identified variable taxa
have been reported to be implicated in various human diseases
and/or can be used in disease intervention and treatment
(Table 2, Table S1). Figure 6 shows eight selected variable taxa
(including four genera and four species) that have been rela-
tively well studied in human diseases [7,16-18,28,37-78]. Fig-
ures S7 and S8 shows all the variable genera and species that
showed significant changes after FMT. Bifidobacterium has
been reported to be implicated in obesity and can protect
humans from enteropathogenic infection through the produc-
tion of acetate [41]. In addition, Bifidobacterium, Akkermansia
muciniphila, and other species have been shown to promote
antitumor immunity and facilitate anti-PD-L1 efficacy [42].
Ruminococcus obeum has been shown to be able to
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competitively inhibit and control Vibrio cholerae infection
[51]. Prevotella copri can induce insulin resistance, aggravate
glucose intolerance, and augment circulating levels of
branched-chain amino acids [43]. Faecalibacterium prausnitzii
has anti-inflammatory effects on murine models, partly
because its secreted metabolites are able to block NF-kB acti-
vation and IL-8 production [71].

These results highlight the challenges of using mouse mod-
els in gut microbiota studies: it is difficult not only to repro-
duce human phenotypes (at both the philological and
molecular levels) in recipient mice if the suspected causal spe-
cies is significantly decreased in abundance after FMT but also
to transfer the treatment methods back to humans if the inter-
ventional species adapts much better to mice than to humans
(e.g., Akkermansia muciniphila).

Discussion

Mice have been widely used in human disease studies; so far,
FMT from humans to mice was one of the few available
experimental methods for establishing causal relationships
between altered microbial abundances in the human gut and
diseases. However, due to the intrinsic differences between
mouse and human guts, transplantation of fecal microbial
communities from human feces into GF mice can only re-
establish a portion of the donor microbiota, most of which
have adapted to the recipient species [14]. Despite the wide-
spread awareness of the differences between humans and mice
and a handful of differential species identified in small-scale
studies, a systematic analysis of the alterations of human gut
microbiota after FMT into mice has yet to be conducted.

In this study, we collected and analyzed 1713 FMT experi-
ments and identified relative microbial abundances before and
after transplantation (i.e., human—-mouse pairs). We focused
on species that were abundantly present in more than 400
human—-mouse pairs with a relative abundance higher than
0.1% and showing a significant change after FMT (with
|Log, median FC| > 1). By meeting these criteria, the changes
are more likely to be consistent across experimental condi-
tions. Strikingly, we found that over one-third of human gut
microbes were significantly and consistently changed after

40
18
12.5
. 12 . .
15
X100 30
8 9
=
g 12
S Type
Q 75
© B3 Human
3 20
-g . 6 9 ‘ Mouse
o
@
2 s0
= . 6
[}
['4
10 ° 3
25 . s
. .
.
. .
. i
0.0 t————t—— () 0- 0+
Faecalibacterium prausnitzii  Prevotella copri fragilis i iniphil

Figure 6 Representative variable genera and species showing significant changes after FMT
A. and B. Box plots show the relative abundances of representative variable genera (A) and species (B) in humans (before FMT) and mice
(after FMT), respectively. Please see Table 2 and Table S1 for further details of their associations with human diseases.
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Table 1 List of studies matching our search criteria
NCBI No. of Phenotype Amplified Sequencing Read Published Ref.
BioProject Human-mouse of donors target region platform length (bp) date
accession No. pairs
PRINA314018 420 Obese and healthy V3-16S rRNA Ton Torrent 200 2-Mar-2016 [29]
PRJEB7604 161 Obese and healthy V4-16S rRNA [llumina 250 28-Oct-2014 [30]
PRIJEB11697 184 Healthy V4-16S rRNA [lumina 250 x 2 15-Mar-2016 [19]
PRJEB15481 948 Healthy V4-16S rRNA [llumina 250 x 2 21-Dec-2016 [27]
Table 2 Selected variable taxa and their responses to diet changes and associations with human diseases
Variable taxon Log, median FC (all samples) Log, median FC (controlled diet group) Associated disease Refs.
Variable genus
Bifidobacterium —2.68 —1.85 Obese [37-39]
Behcet’s disease [37,38,40]
Autism spectrum disorders  [7,37,38]
Enteropathogenic infection  [37,38.41]
Cancer [18,37,38,42]
Prevotella —2.37 —2.12 Type 2 diabetes [28.,43]
Obese [28,44]
Rheumatoid arthritis [45]
Autoinflammatory disease  [46]
Bechet’s disease [40]
Chronic kidney disease [47]
Ruminococcus -1.9 —1.86 Obese [48-50]
Inflammatory bowel disease [48,51-53]
Psoriatic arthritis [53]
Autism spectrum disorders  [7]
Vibrio Cholerae infection [51]
Cancer [54]
Streptococcus —-1.7 —1.87 Pediatric asthma [55]
Allergic diseases [55]
Colorectal cancer [56]
Autism spectrum disorders  [7]
Bacteroides 1.83 1.83 Abscess formation [57]
Bacteremia [57]
Autism spectrum disorders  [7]
Type2 diabetes [43]
Cancer [58]
Variable species
Bacteroides fragilis 3.00 3.31 Cancer [59-62]
Type 2 diabetes [62]
Collinsella aerofaciens —1.52 —1.52 Inflammatory bowel disease [63]
Rheumatic diseases [51]
Obese [64]
Prevotella copri —2.67 —2.33 Type 2 diabetes [43,65]
Metabolic disorder [43,66,67]
Rheumatoid arthritis [67-69]
Cancer [65]
Faecalibacterium prausnitzii  —3.44 -2.9 Type 2 diabetes [17]
Metabolic disorder [16,70]
Gut dysbiosis [15,71]
Inflammatory bowel disease [16]
Cancer [72]
Akkermansia muciniphila 2.36 2.41 Metabolic disorder [73,74]
Obese [74,75]
Cancer [76]
Type 2 diabetes [17,77]
Inflammatory bowel disease [74]
Rheumatoid arthritis [78]

Note: FC, fold change.
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FMT at both the species and genus levels, including leading
taxa in enterotype analysis. Human feces transplanted into
recipient mice fed with human food (the ‘“‘controlled diet”
group) showed a lower decrease in enterotype changes, sug-
gesting a possible method for reducing such differences. How-
ever, a controlled diet may induce additional variable taxa at
both the species and genus levels, indicating that the complex
reactions of the mouse gut microbiota to human diets and a
limited capacity of controlled diets for recipient mice.

Conclusion

Our results highlight the challenges of selecting mice as animal
models in gut microbiota studies, and imply that it would be
difficult to transfer findings in mice directly to humans due
to the preferential adaptations of the variable taxa to mouse
and human guts.

Strikingly, most of the variable taxa were implicated in
human diseases. Our results, thus, are informative to research-
ers that use (or plan to use) GF mice in their gut microbiota
and disease-association studies. In addition, our results also
call for additional validations of the species of interest after
FMT. For example, researchers should check whether signifi-
cantly changed species in different human phenotype groups
are still significantly changed after FMT. In other words, fecal
samples from both human patients and healthy controls
should be transplanted into GF mice; researchers should then
be concerned not only whether the phenotypes of interest are
replicated in mice but also whether the differentially abundant
taxa in GF mice receiving patient and healthy feces are the
same as those found in human samples. To date, this type of
validation has been mostly ignored.

Materials and methods

Data

We performed an extensive search in the PubMed and NCBI
Sequence Read Archive (SRA) databases to search for publica-
tions and/or deposited metagenomic sequencing data of
human-to-mouse FMT experiments, which were published
from January 1, 2014 to April 24, 2018. Because the number
of published data of the relevant experiments was relatively
small, we used two keywords, “microbiota transplanted into
mice” and “human fecal microbiome mice”, to expand the
range of our search results. We obtained a total of 58 studies,
among which only 13 were human-to-mouse FMT experiments
(Figure S9). We excluded experiments in which recipient mice
were genetically modified, not GF, or treated with antibiotics;
we also excluded experiments using RNA-seq or non-16S
rDNA-seq and studies contained less than ten samples (Fig-
ure S9). Finally, we identified four studies that met our search
criteria (Table 1), all of which used 16S rDNA-seq data to sur-
vey gut microbiota before and after FMT. These studies
included a total of 1713 human—mouse pairs. All of the runIDs
from the four NCBI BioProjects are provided in Table S2 and
can be downloaded from NCBI. Mice were fed with 36
different types of diets. According to the feeding conditions,
these diet groups were divided into two groups: the controlled
diet group, which contained mice fed with human food,
and the noncontrolled diet group, which contained other

human-mouse pairs. The number of samples in each of the
36 diet groups ranged from 1 to 107, with median values of
20 and 49 for the controlled diet and noncontrolled diet
groups, respectively (see Figure S10 for a density plot of the
distribution of the sample sizes). We downloaded 16S rDNA-
seq data from the NCBI SRA database using the command-
line tool fastq-dump of the SRA tools (https://github.com/
ncbi/sra-tools, accessed in July 2018). We obtained the related
meta-data, including the human—-mouse pairs, experimental con-
ditions, and dates of sampling after FMT, from the correspond-
ing publications and/or the NCBI SRA database.

Data processing and taxonomic assignment

We used FastQC (ver. 0.11.8; downloaded from
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) to
evaluate the overall quality of the downloaded data, followed
by Trimmomatic (ver. 0.35) [79] to remove vector sequences
and low-quality bases. We directly used single-ended sequenc-
ing reads for subsequent analyses and merged the pair-ended
reads using Casper (ver. 0.8.2) [80]. We then used Qiime
(qiime2-2018.6) [81] to search for and remove possible
chimeras.

We used MAPseq (ver. 1.2; July 16, 2017) [82] to analyze the
obtained clean data and to assign taxonomic classification
information to the reads, and used the full-length rRNA
sequences downloaded from the official website of MAPseq
(https://www.meringlab.org/software/mapseq/) as a reference
dataset. It has previously been shown that at the genus level,
MAPseq has a higher accuracy than other popular tools, such
as Qiime [81] and Mothur [83]. MAPseq is also advantageous in
our study compared with de novo clustering methods. The clean
reads often have uneven ends after the removal of low-quality
and/or sequencing-primer sequences. 16S rDNA sequences
belonging to the same species/genus cannot be reliably clus-
tered together; consequently, the retention rate, i.e., the propor-
tion of human gut microbes that can be found in the recipient
mice after FMT, will be significantly underestimated. This
underestimation is also part of the reason why a few popular
metagenomic databases, including EBI Metagenomics [84]
and GMrepo [85], have adopted MAPseq as the main tool
for taxonomy assignment. We removed reads with a cutoff
value at the genus level of less than 0.4 (the combined score)
as recommended by the authors of MAPseq [82]. We then cal-
culated the relative abundances at both the genus and species
levels for each sample, with total abundance values of 100%.

The workflow of our analysis pipeline is shown in Fig-
ure S11. All the human—mouse pairs used in this study along
with their NCBI runIDs in the NCBI SRA database, entero-
types, experimental conditions, and diet types are listed in
Table S2.

Statistical analysis

We uploaded all the processed data into R (ver. 3.5.1; down-
loaded from https://www.r-project.org; accessed in July 2018)
and further analyzed them using the following packages: x/sx
(ver. 0.6.1), dplyr (ver. 0.8.0.1), reshape2 (ver. 0.8.0), foreach
(ver. 1.4.4), and doParallel (ver. 1.0.14); we used packages gg-
plot2 (ver. 3.2.1), netwokD3 (ver. 0.4), and heatmap3 (ver.
1.1.6) to visualize the results. We performed chisq.test and
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other statistical analyses using built-in functions. To focus
more on abundant species/genus and avoid dramatic FCs in
the calculation due to low-abundance species, we removed gen-
era and species with relative abundances of less than 0.1%
from subsequent analyses. To make the results more accurate,
we also removed genera and species that were supported by
less than 5 reads.

We used a web-based tool (http://enterotype.embl.de/en-
terotypes.html) to determine the enterotype for each sample
by using the relative abundances of that sample as the input.

Code availability

All the processed data and R scripts are available at https://
github.com/whchenlab/2019-liyz-human-to-mouse-FMT.

Data availability

The online database FMT-DB is publicly available at http://
fmt2mice.humangut.info/#/.
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