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(57) Abstract: The faecal microbial communities and their functional composition are characterized by a whole gut microbio-
me-wild association study of stool samples from 98 liver cirrhosis patients and 83 healthy controls. Veillonella atypical ACS-134-V-
Col7a is enriched in liver cirrhosis patients while Bacteroides uniformis ATCC 8492 and Clostridiales are enriched in controls. A
biomarker for liver cirrhosis in human comprises Veillonella atypical ACS-134-V-Col7a and at least one bacterial strain over-repres -
ented in gut microbiota of healthy subject as compared to liver cirrhosis affected subjects, which comprises Bacteroides uniformis
ATCC 8492 and Clostridiales. Veillonella atypical ACS-134-V-Col7a, Bacteroides uniformis ATCC 8492 and Clostridiales would
be used for treating/preventing or diagnosing liver cirrhosis.
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BIOMARKER FOR LIVER CIRRHOGSIS AND USAGES THEREOF

FIELD OF THE INVENTION
The present invention relates to the field of biomedicine and biotech, specifically related to biomarker

for liver cirrhosis and its applications.

BACKGROUND OF THE INVENTION

Liver cirrhosis (LC) is an advanced hiver disecase resulting froro acute or chronic Hver injury of any

origin, including alcohol abuse, obesity and hepatitis virus infection. The prognosis for patients with
) P Lo - . i ~ ] e - . DU s

decompensated liver cirrhosis is poor, and they frequently require liver transplantation’. The liver

interacts directly with the gut through the hepatic portal and bile secretion” systems. Enteric

Y
5D

dysbiosis, especially the translocation of bacteria’ and their products™ across the gut epithelial
barrier, is involved in the progression of liver cirrhosis, However, the phylogenetic and functional
composition changes in the human gut microbiota that arc related to this progression remain
obscure’. Although some studies have revealed that alterations in the gut microbiota play an
important role in complications of end-stage liver cirrhosis® (such as spontancous bacterial
peritonitis’ and hepatic encephalopathy®) and the induction and promotion of liver damage in
carly-stage liver disease” (such as alcoholic liver disease'® and non-alcoholic fatty liver disease'),
definitive associations between alterations in gut microbiota and liver pathology in humans are still
facking'”. Studies of liver cirrhosis patients *andof mouse models for alcoholic liver disease' have
revealed a similar and substantial alteration in the gut microbiota, as measured by sequencing of
1658 rRINA genes. How these phylogenetic alterations relate to changes in the functioning of the gut
microbiota is unclear.

The role of gut microbiota in human health and discase’” has received unprecedented attention over
the past few years with the rapid development of next-gencration sequencing technologies. Several

1920 diabetes mellitus®!,

complex chronic diseases, such as obesity”'®, inflammatory bowel discase
metabolic syndrome™, symptomatic atherosclerosis®™ and non-alcoholic fatty liver disease'®, have
been associated to gut microbiota. A metagenomic study of 345 Chinese individuals with type-2
diabetes (T2D) identified 60,000 T2D-associated genes™. The NIH Human Microbiome Project
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(HMP} generated 3.5 Th of metagenomic data from different anatomical sites among 242 healthy
individuals and generated the largest human microbiome gene resource™, which includes most of
the genera, enzyme families and community configurations from the microbiota of healthy adults
from Western countries™, A quantitative metagenomics analysis™ * of stool samples from Chinese
Hiver cirrhosis patients and their healthy counterparis with the objective of improving the

understanding of gut microbiota changes associated with liver cirrhosis was carried out.

SUMMARY

QOur invention aims to provide additional knowledge of gut microbiota meodifications in liver
cirrhosis patients and to propose targeied biomarkers offering a non-invasive approach for early
detection of the discase.

According to one embodiment of present disclosure, a biomarker for liver cirrhosis in a human
comprising Veillonella atypica ACS-134-V-Col7a over-represented in gut microbiota of L.C affected
subjects as compared to healthy subjects and at least one bacterial strain over-represented in gut
microbiota of healthy subject as compared to LC affected subjects.

Preferably, wherein the strain over-represented in gut microbiota of healthy subject as compared to

LC affected subjects comprises Bacteroides uniformis ATCC 8492, and Clostridiales .

According to one embodiment of present disclosure, a method of treating/preventing liver cirrhosis
in a human comprising administering to the human a therapeutically cffective amount of a probiotic
composition comprising onc or more bacterial strains, wherein the composition

(1) stimulates growth and/or activity at least onc of Bacteroides uniformis ATCC §492, and
Clostridiales which are over-represented in microbiota of healthy subjects as compared to LC
affected subjects, and/or

(i) iohibits growth and/or activity of Feillonella arypica ACS-134-V-Col7a which is

over-represented in gut microbiota of LC affected subjects as compared to healthy sabjects.

According to one embodiment of present disclosure, a probintic composition, comprising one of
more bacterial strains, wherein the composition

(i} stinwlates growth snd/or activity at least one of Bacteroides uniformis ATCC 8492, and
Clostridiales which are over-represented in microbiota of healthy subjects as compared to LC

-
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affected subjects, and/or
(i1} inhibits growth and/or activity of Veillonella atypica ACS-134-V-Col7a which i3

over-represented 1o got microbiota of LO affected subjects as compared to healthy subjects,

According to one embodiment of present disclosure, a kit for diagnosing of liver cirrhosis
comprising reagents for:

{a} determining the amount of at least one bacterial strain of Veillonella atvpica ACS-134-V-Col7a,
Bacteroides uniformis ATCC 8492, and Closwridiales;

{b) comparing the amount obtained in step (a}) with a preset threshold.

According to one embodiment of present disclosure, a method for monitoring the efficacy of
treatment of LC comprising the steps oft

{(a) determining the amount of at least one bactenial strain of Veillonella atvpica
ACS-134-V-Col7a, Bacteroides uniformis ATCC 8492, and Clostridiales,

{(b) comparing the amount obtained in step (a) with a preset thresheld.

According to one embodiment of present disclosure, a method for identifying microbiota affected
by LC discase in a human comprising;

a} determining the metagenome of a discased microbiota sample from the human;

b} determining the metagenome of @ control untreated/healiby sample;

¢} tdentifying under-represented and over-represented genes in the treated or diseased
microbiota sample in relation o the control sarple

4y selecting one or more bacterial strains fo compensate the expression of one or more genes
wlentified nostep o)
According to one embodiment of present disclosure, determining the wmetagenome of a diseased
mwicrobiota sample  and  a control untreated/healthy sample fromw the human;wherein determiniog

the metagenomwe involves high- throughput sequencing:

Additional aspects and advantages of embodiments of present disclosure will be given 1o part in the
following descriptions, become apparent in part from the following descriptions, or be learned from
the practice of the embodiments of the present disclosure.
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BRIEF BESCRIPTION OF THE FIGURES

Figure 1 illustrates diagram of the data analysis pipeline;

The study included a discovery and a validation phase. Volunteers for both phases were recruited in
the same hospital. Both direct read mapping and de nove assembly were performed for each sample.
Taxovorny profiling table was established for taxonomy analysis. A novel gut gene sct
wasestablished, and annotated. ldentificationof the MGS, finding markers and validating markers i3

also shown.

Figure 2a, 2b Hllustrates taxonomic assignment of metagenomics species;

2a. MGS enriched in Chinese liver cirrhosis patients and healthy individuals. Species-level
assignment was deduced from the best BlastN hits of genes from a given MGS at thresholds of the
average of >95% identity and >90% overlap with genes from a sequenced genome. For MGS where
these thresholds were not reached, an assignment was atiributed at the lowest taxonomy level where
at least 80% of the genes had the same best hit BlastP taxonomy; in all cases this criteria held true at
higher taxonomic levels.

Zb. taxonomic assignments of 58 species related to gut gene richness in a Danish cohort {Le

Chatelier et al. 2013).

DETAILED DESCRIPTION OF THE INVENTION

These and other featurcs, aspects, and advantages of the present invention will become better
understood with regard to the following description, appended claims, and accompanying drawings.
The following embodiments described by reference drawings are exemplary, which only used to

explain the present invention, and not regarded as the limitations of the present invention,

Example 1| Construction of a liver cirrhosis gut microbial gene set and comparison with
previous gene sets

Al Tiver cirrhosis patients and healthy control adults were Han Chinese. In total, 123 liver cirrhosis
patients and 114 healthy control adults were enrolled in our cohort. Our investigation included two
phases. The first phase was a discovery phase in which 98 liver cirrhosis patients and 83 healthy
controls were enrolled to characterize gut microbial compositional and functional changes between
the two groups. The sccond phase was a validation phase, in which an additional 25 liver cirrhosis
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patients and 31 controls were enrolled to validate the accuracy of the discovery phase findings.
Total DNA was extracted from the faecal samples of 98 Chinese liver cirrhosis patients and 83
healthy Chinese controls and sequenced using the Hlumina HiSeq 2000 (Hlumina, San Diego, CA).
This produced an average of 4.74 Gb (sd. £2.04 Gb) of high quality sequence for each sample,
providing a total of 838 Gb of sequence data, The reads were assembled into contigs for all samples
using the assembly software SOAPdenovo™ Unassembled reads from 166 samples were pooled and
the de novo assembly process was performed again for these reads (see Methods and Fig. 1). Finally,
61.68% of the total reads were used to generate 4.4 million contigs without ambiguous bases
{mininum length of 500 bp). These contigs had a total length of 11.1 Gb, an average N50 length of
8,644 bp and ranged from 1,673 to 48,822bp.

To predict microbial genes for cach of the 181 samples, we applied the methodology used in the
MetaHIT human gut gene catalogue study’’. The MetaGene program predicted 13,371,697 open
reading frames (ORFs) using a 100-bp cut-off for prediction. The total length of the predicted ORFs
was 9,495,923,532 bp, representing 90.28% of the total length of the contigs. Among the ORFs,
1,047,885 (54.6%) were complete genes, while 869,808 (45.4%) were incomplete. A non-redundant
“LC gene set” was established by removing redundant ORFs, defined as those sharing 95% identity
over 9% of the shorter ORF length in pair-wise alignments. The final non-redundant liver cirrhosis
gut gene set contained 2,688,468 ORFs, with an average length of 750bp and 42% of reads could be
aligned to the gene catalogue.

We compared our LC gene sct with the three other gut microbiota gene sets, MetaHIT!, HMP™,
and T2D™ To facilitate this comparison, all genes were predicted from the original contigs using the
same criteria, The MetaHIT catalogue contained 3,452,726 genes, HMP 4,768,112 genes, and T2D
2,148,029 genes. In total 674,131 genes were shared amoung all four catalogues. The LC, MetaHIT,
HMP and T2D gene sets coniained 794,647, 1,419,517 2,620,096 and 623,570 unique genes,
respectively.

Genes from thel.C, T2D and MetaHIT gene catalogs were merged to create a non-redundant gene
set for subsequent analyses. The HMP gut gene set was unot included, as it contained Sanger, 454 or
llamina based 16S sequences, in addition to whole metagenomic data andit was generated from
exclusively healthy individuals rather than from a discase cohort with accompanying healthy
controls. The merged gene catalogue contained 5,382,817 genes, of which 797,690 were shared
between all three catalogues. Of the genes in the LC gene set, 63.9% were also present in either one

5
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or both of the remaining two, whereas 37.1% were unique. The MetaHIT and T2D scts contained
57.7% and 33.9% unique genes respectively, Large differences were also observed in the two gene

sets dertved from Chinese cohorts, the LC and T2D scts.

Example 2 Gut microbial species associated with Hver cirrhosis

To investigate the relationship between the human gut metagenomes of healthy control individuals
{n=83) and liver cirrhosis patients (n=96), we performed an association study for all genes from the
merged gene set. Based on profiles of all 181 training samples, a Wilcoxon rank-sum test combined
with Benjamini Hochberg adjustment for multiple testing was performed to identify differentially
abundant genes. Using a very stringent significance threshold (fdr<0.0001), significant differences
were found for 75,245 gencs between healthy and liver cirrhosis groups. Of these, 49,830 were
more abundant in the liver cirrhosis patients and 25,415 in the healthy control group as determined
using a rank-median test (Methods).

To explore and understand the microbial genes associated with liver cirthosis we structured them
into groups based on their abundance profiles”. Briefly, genes of a given species are expected to
have closely similar abundances in an individual., Species abundances vary greatly (12
clustered by abundance co-variation. The resulting clusters are denoted metagenomic species (MGS)
here. Similar approaches were previously used in other studies24,27,28,32.

Of the 75,245 significantly different genes, a large majority (70%) clustered into 66 MGS (Table 1).
It was shown previously that tracer genes are present only in cognate genomes and in all cognate
genomes when more than one was sequenced, and can thus be used to measure abundance of a
given M(GS27. The abundance of the 66 MGS was found to be significantly different in healthy and
fiver cirrhosis subjects. To confirm this finding, we further compared the abundance of the MGS in
a validation cohort of 31 healthy and 21 liver cirrhosis subjects and found that T MGS of which
were enriched in Hver cirthosis patients and 2 MGS in controls playing a important role in tracing

found in the patients with liver cirrhosis.

Table 1. The list of L{-associated MGGs that could be assigned fo previsusly known

phylotypes
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MGS {enes Taxonomic assignment p
H 42 113 Alistipes indistinctus YiT 12060 743E-11
H 13 1304 | Bacteroides clarus YIT 12056 1.49E-07
H 4 2970 | Bacteroides uniformis ATCC 8492 1.79E-07
H 19 28 Bilophila wadswerthia 3 1 6 2.62E-07
H 32 283 Coprococcus comes SL71 1.65E-07
H 20 133 Faecalibacterium cf. prausnitzii KLEI255 2.00E-06
H 21 246 Bacteroidales | 72E-07
H 24 258 Bacteroidales 3.49E-07
H 2§ 95 Bacteroidales 8.88E-07
H 11 429 Clostridiales 4.67E-08
H 12 375 Clostridiales 1.18E-07
H 15 330 Clostridiales 6.29E-08
H 2 623 Clostridiales 5.27E-07
H 3 561 Clostridiales 2.81E-08
H 3§ 140 Clostridiales 1.42E-07
H 40 51 Clostridiales 1.27E-08
H 7 2221 Clostridiales 9.74E-09
H 9 90 Clostridiales 3.89E-07
H 25 84 NA 2.87E-09
H 5 675 Alistipes 2.88E-08
H R 174 Clostridium 5.23E-07
H 1 1052 | Dialister 3.10E-09
H 43 143 Eggerthella 4.85E-09
H 10 2140 | Fubacterium 1.46E-07
H 18 620 Eubacterium 7.90E-08
H 22 798 Eubacterium 6.54E-08
H 16 131 Oscillibacter 1.47E-07
H 36 216 Parabacteroides 2.82E-09
H 30 116 Ruminococcaceae 6.14E-11
H 33 759 Ruminococcaceae L15E-10
H 6 1888 | Subdoligranulum 6.71E-08
H 14 112 Lachnospiraceae 2.22E-08
H 23 417 Lachnospiraceae 4.47E-08
H 34 72 Lachnospiraceae 9.27E-12
H 26 622 Porphyromonadaceae 8.63E-08
H 17 124 Ruminococcaceae 1.13E-05
H 29 201 Rumiinococcaceae 3.07E-10
H 37 22 Ruminococcaceae 1.26E-07
L 40 115 Lactobacillus 3.30E-11
L 39 619 Veillonella 1.78E-08
L 55 119 Veillonella atvpica KON 1.06E-16
L 59 157 Veillonella sp. oral taxon 138 stv. FO412 2.17E-18
L 26 83 Ageregatibacter segnis ATCC 33393 1.22E-13
L2 1489 | Bifidobacterium dentium JCVIHMP022 L17E-09
L_18 111 Campyiobacter sp. 10 1 50 1.51E-19
b 13 859 Clostridium perfringens F262 1.80E-07

7
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L 25 148 Clostridium svmbiosum WAL-14673 4.18E-08
L 44 374 Fusobacterium nucleatum subsp. animalis

FO41¢ [ 75E-16
L9 2751 | Haemophilus parainfluenzae T3T1 1.38E-15
b 11 72 Lactobacillus fermentum ATCC 14931 65.8158-12
L1 1242 | Lactobacillus mucosae LM] 2.76E-12
L 3 1627 | Lacrobacillus salivarius CECT 5713 7.71E-12
L 10 1584 | Meguasphaera micronuciformis F0359 5.29E-18
L g 1160 | Prevotella buccae ATCC 33574 1.31E-12
L S 74 Ruminococcus gnavus ATCC 29149 2. 11E-07
L 12 1736 | Streptococcus anginosus SK52 = DSM

20563 3.23E-16
L 32 125 Streptococcus oralis SK313 5.85E-14
L_15 2037 | Sireptococcus parasanguinis ATCC 903 5.41B-15
L6 3307 | Streptococcus salivarius JIMS777 3.34E-12
L 24 129 | Swreptococcus sp. 2 1 36FAA 3.54E-14
L_14 612 Streptococeus vestibularis F0396 5.90E-14
L4 5755 Veillonella atvpica ACS-134-V-Col7a 1.49E-19
L 19 514 Veillonella dispar ATCC 17748 4.79E-13
L 42 647 Veillonella dispar ATCC 17748 6.73E-18
L7 2862 Veillonella parvila ATCC 17745 7.43F-19
L 17 678 Veillonella sp. oral taxon 158 sir. FO412 5.35E-09

Only a small minority of the 38 MGS enriched in healthy individuals (15.8%) could be assigned
species phylogenetic information by comparison with sequenced gut genomes using BlastN (95%
identity and 90% overlap. Annotation to comparable taxonomic levels was observed for the 58 gut
MGS analysed in the context of gene richness in a Danish cohart®’ (Fig.2b), reflecting a paucity of
isolated and sequenced gut strains.

In sharp contrast with the MGS enriched in healthy subjects, an overwhelming majority of the MGS
enriched in patients (24 of 28) could be assigned to a species. Such difference has a vanishingly low
probability to be due to chance alone (1.3¢”" by a Chi” test, Fig. 2a) and indicates a highly modified
gut muicrobial composition. The overall abundance of species enriched in patients reached very high
fevels, exceeding 5% in over a quarter of the patient group and approaching the extreme of 40%,
whereas it was very low in healthy individuals, with a notable exception of 2 sabjects.

Enrichment of 38 MGS in healthy people, at least two MGS has been verified, which in the
following table (Table 2} as shown. 1 MGS of which were enriched in liver cirthosis patients in the
following table (Table 3) shows: Veillonella aiypical which can cause infections such as
spontancous bacterial peritonitis, liver abscesses, refractory respiratory tract infections, joint

8
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infections acquired , cndocarditis and bacteremia.
Table 2 M{GS were enriched in controls

MGS Taxonomic assignment
H 4 Bacteroides uniformis ATCC 8492
H 7 Closiridiales

Table 3 MGS was enriched in Hver cirrhosis patients
MGS Taxonomic assignment
L4 eillonella atvpica ACS-134-V-Col7a

METHODS

Human faecal sample collection and DNA extraction

Each cirrhotic patient and healthy control subject provided a fresh stool sample that was delivered
immediately from our hospital to the lab on ice bag using insulating polystyrene foam containers. In
the lab it was divided into 5 aliquots of 200mg and tmmediately stored at -80°C.A frozen aliquot
(200 mg) of each faccal sample was processed by pheneol Trichloromethane DNA extraction
method'® as previously deseribed. DNA concentration was measured by nanodrop (Thermo
Scientific) and its molecular size was estimated by agarose gel electrophoresis.

DNA library construction and sequencing

DNA librarics were constructed according to the manufacturer’s instruction (Hlumina). Same
workflows from fHlumina were used to perform cluster generation, template hybridization,
isothermal amplification, lincarization, blocking, denaturing and hybridization of the sequencing
primers. Paitred-end sequencing 2¥100bp was performed for all librarics. The base-calling pipeline
(Casava 1.8.2 with parameters --—-use-bases-mask yi00n, [6n, Y00k --mismatches 1,
--adapter-sequence) was used to process the raw fluorescent images and call sequences. The same
insert size inferred by Agilent 2100 was used for all libraries (ranging from 275 to 450).

Quality control of reads

Reads that mapped to human genome together with their mated/paired reads were removed from
each sample using BWA with parameters -» 0.2. Then quality control was preceded with following
criteria; a} Reads containing more than 3 N bases were removed, b} Reads containing more than 50

9
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bases with low quality (Q2) were removed, ¢y No more than 10 bases with low quality (Q2) or
assigned as N in the tail of reads were trimmed. Scquences that lost their mated reads were
considered as single reads and were used in the assembly procedure. Resulting filtered reads were
counsidered for next step analysis.
De nove assembly of the Hlumina short reads
Considering that kimers with very low frequencies might arise from sequencing errors, they were
not used in assembly by SOAPdenovo™ (versionl.05), which is based on De brujin graph
construction. SOAPdenovo (versionl.05} was wused in IHiumina short reads assembly with
parameters -4 / -M 3. Then we removed ambiguous bases from assembled scaffolds (this could
divide one scaffold into multiple ones) and discarded scaffolds with length less than 500 bp. Finally
we tested series of kmer values (from 31 to 59), then chose one with the longest N30 value for the
remaining scaffolds. For cach sample, we mapped clean data against scaffolds using SOAPalign
version 2.21 with parameters -u -2 -m 200.Unused data from each sample were pooled and split into
4 parts {considering mwemory limit). Unused reads were repeatedly assembled with the same
parameters but only one kmer value —K 55 was chosen.
Gene prediction and non-redundant human gut gene set
MetaGeneMark™ (prokaryotic GeneMark hrmm version 2.8) was used to predict ORFs in scaffolds
without ambiguous bases. The non-redundant human gut gene set was built by pair-wise
comparison of all the predicted ORFs using blat and the redundant ORFs were removed using a
criterion of 95% identity over 90% of the shorter ORF length, which is consistent with the criterion
used for the non-redundant European human gut gene set’' and T2D study™ We checked the gaps
and frames in the blat results. If there were gaps or the frames were different in the alignments
result of two ORFs, the shorter one would not be removed as a redundancy. We used
MetaGeneMark to predict genes in assembled contigs originally from MetaHIT and T2D stady and
merged these three gene sets into a single one with the above method.
Organism abundance profiling
SOAPalign 2.21 was used to align paired-end clean reads against reference genomes with
parameters — 2 —m 200 —x [000. Reads with alignments on same reference genomes might be
assigned into two types:

a) Unigue reads (U/): reads have alignments with only one genome; these reads were denoted as
unique reads.

10
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b} Multiple reads (M); rcads have alignments with more than one genome, if these genomes
come from onc species; we denote these reads as unique reads. If they are from more than one
species, we denote these reads as multiple reads.

For species 5, if ils abundance is 45(8), and it roight have alignments with U anique reads and
Mmaltiple reads, computation 13 as follows,

AB(S) = ABU )+ AB(M)

Ab(Uy=U/1

AB(MY =3 Co*{M})/]

i=1

Ab(U} and Ab{M)} arc abundance of unique and multiple reads respectively, [ is length of relative
(/) ( ! N

genome. For cach multiple read, there is a species specific coefficient Co,let us suppose one read in

LT
Co=—

> AbU)

For these reads, we will add unigue abundance of N species as denominator. Before we calculate
abundance of species 5, we had calculated Ab(U) for all species as constants, if Ab(U) of species &
is 0, then Co will also be 0, and consecutively the abundance of species 8 is 0. Profiling table at
genus level was gencrated by adding abundance of species into its genera. For some specics that do
not have a genus, they are denoted as unclassified genera.
Gene abundance proefiling
Reads were aligned against the gene set by using SOAPalign® with parameters “-r —m 200 —x
10607, We counted gene’s abundance if both paired-end reads could be aligned on the same gene, If
only one of the paired-end reads could be aligned on a gene, we aligned both reads against
assembled contigs by checking if the previcusly not aligned read are in the non-translated region or
not. If true, both reads will be validated for gene count, if not, then both reads were discarded.
When calculating abundance of genes, we used same strategy as for the organisms’ abundance

profiling. For a given gene G, its abundance is AH{ (), and it might have alignments with U unique
reads and M multiplercads, it goes as follows.

Ab{(GY = AWUY + Ab(M)

ABUY=U/1

M
AB(My= (3 Co*{(M})/1

i=1

i1
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Ab(U} and Ab(M) arc abundance of unique and multiple reads respectively, / is length of gene G,
For each multiple reads we calculate a specific coefficient Co for this gene, let us suppose one read
with multiple { M} alignments in N different genes, then Co was calculated as follows.

Co=—

> ALY

For these reads, we will add unique abundance of N species as denominator.

Population stratification

Population stratification involved in our metagenomic data was corrected with modified
EIGENSTART method shown as follows: firstly, singular value decomposition was carried to
obtain axes of variation, where the number of significant axes was determined according to
Tracy-Widom test at a significance level of P<0.05; each axes was then replaced with the residuals
of this axis from a regression to discase state; the corrected data was finally achieved by subtracting
from original dataset the information associated with the residuals of cach axis.

Gene count determination

Geune counts were compuied essentially as described by Le Chatelier et al (2013). Briefly, data were
downsized to adjust for sequencing depth and techunical variability linked to different sequencing by
randomly selecting 6.2 million of reads mapped to the merged gene catalog for each sample and
then computing the mean number of genes over 30 random drawings. This was possible for all but 2
liver cirrhosis patients from the validation cohort (with not sufficient number of mapped reads),
who were excluded from this analysis.

Metalenomic Species (MGS)

We followed the approach described by Le Chatelier ef @/, Nature 2013 to cluster genes from the
current study into MetaGenomic Species (MGS), Briefly, in a first step pairwise Spearman
correlation coefficient(vho) of different genes was computed, using gene abundances across all
individuals, and the geves correlated over a given threshold were clustered (a single-linkage
clustering). To favour clastering specificity (that s, assigning only the genes of the same species to
the same cluster) we used a rather high threshold (rho>0.7). To correct for the concomitant loss of
sensitivity we carried out a second step, whereby the mean abundance signal of each cluster>50
genes was computed, using 50 most connected genes of a cluster, and the clusters that had a
Spearman rho >.85 were fused. This procedure was applied separately to the 49,830 genes more
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abundant in liver cirrhosis patients and the 25,415 genes more abundant in healthy controls, 21,423
out of the 25,415 “healthy” genes {all into 43 clusters composed of 51 to 2702 genes after the first
clustering siep and 38 clusters of 31 to 2970 genes after the second step. 31,386 out of the 49,830
“liver curhosis” genes fall into 60 clusters of 51 to 3000 genes afier the first clustering step and 28

clusters of 51 to 5755 genes after the second step.

To verify that the genes from a given cluster belong to the same genome and taxonomically
annotate the MGS, we performed blastN and blastP analyses using a collection of 6,006 genomes
{the available reference genomes from NCBI and the set of draft gastrointestinal genomes from the
DACC of HMP and MetaHIT as of the August 392012 version). MGS were assigned to a given
genome when >80% of its “tracer genes”” matched the same genome using BlastN, at a threshold
of 95% identity over 90% of gene length. 6 "healthy" and 24 "liver cirrhosis” MGS could thus be
assigned to the strain level (see Figure 2a and Table 1), The remaining MGS were annotaied using
blastP analysis and assigned to a given taxonomical level from genus to saperkingdon level
if >80% of its 50 tracer genes had the same level of assignment™ . All 36 reruaining species but one
could thus be assigned to a given genus, family or order. The quality of the clustering was thus
validated by the homogenous anunotation of its marker genes, which also held true for the whole
MGS genes (data not shown). Abundance of the 66 MGS in each individual was computed using
the 50 tracer genes.
To explore the origin of the species-level annotated MGS we constructed a reference catalogue,
grouping 114 publicly available Streptococcus (57), Fusobactertum (26), Lactobacillus (16},
Veillonella (12) and Megasphaera (3)genomes, mostly of oral (50) or gut (28) isolates. The 16 liver
cirrhosis MGS that were assigned to the corresponding genera were compared to the genomes,
using Blast and a score (T) was computed for each MGS, taking into account:

(i) the proportion of genes above 95% identity & 90% coverage (Q);

(i) the average identity (R);

{1i1) theaverage coverage (S).

(iv)

T=Q*R*S

A majority of the MGS enriched in liver cirthosis patients (15/28) were of oral origin by this
criterion whereas six were from gut or facces, including a single specics from tleum. To further

13
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explore the origin of the LC enriched MGS we compared them by BlastN with the genes from three
available iloum metagenomes™ and failed to reveal identity beyond that found with sequenced

SONOomes,

Although the present invention has been described 1o considerable detail with reference to certain

preferred versions thereof, other versions are possible. Therefore, the spirit and scope of the

appended claims should not be limited to the description of the preferred versions contained therein.
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CLAIMS

1. A biomarker for hiver cirrhosis in a bursan comprising Veillonella atypica ACS-134-V-Col7a and
at least oue hacterial strain over-represented in gut microbiota of healthy subject as compared to LC
affected subjects.

The blomarker cormposition of claim 1, wherein the at least one bacterial strain over-represented
in gut microbiota of heaithy subject as compared to L atfected subjects comprises Bactervides
uniformis ATCC 8492, and Clostridiales.

A method of treating/preventing Hver cirrhosis in a huwman comprising administering to the
human a therapeutically cffective amount of a probiotic composition Congwising ORO OF THOTS
bacterial strains, wherein the composition

(i} stimulates growth and/or activity at Ieast one of Bacfercides uniformis 4TCC §492, and
Clostridiales, and/or

(i1} inhibits growth and/or activity of Jeillonella atvpica ACS-134-V-Colla,
4. A probiotic composition, comprising oue of more bacterial strains, wherein the compuosition

{1} stimulates growth and/or activity at least one of Bactersides uniforsus ATCC 8492, and
Closiridiales, and/or

{11} inhibits growth and/or activity of Feillonell atypica ACS-134-V-Col7
5. A kit for diagnosing of liver cirrhosis comprising reagents for:
{a} determining the amount of at least one bacterial strain of Veillonella atvpica ACS-134-V-(of7a,
Hacteroides uniformis ATCC 8492, and Clostridiales;
(b} comparing the amount oblained 1o step {(a) with a preset threshold,
6. & method for monttoring the efficacy of reatment of LC comprising the steps of:

{a} determining the amount of at least one baclerial strain of Veillonella arypica
ACS-134-V-Col7a, Bacteroides wniformus ATCC 8492, and Closiridiales;

{b} comparing the amount obiained in step (3} with a preset threshold.
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