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Integration of different omics data types is often used to elucidate
potential causative changes that lead to disease, or the treatment targets,
that can be then tested in further molecular studies.
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ERZHZ (Genomics)
—What is possible happen

v RRRHARISNP, CNV. InDelZ

FMEFES (Epigenomics)
—What appears to be happening

EETH v ERE : ATAC. HiC
v AR mutation, InDelZEIRE v DNABEA1L : 5mC. 5hmC. 6mAZ
RLTH v RNAREAL : mbAZE

EFREF (Transcriptomics)
—What appears to be happening
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An Expanded View of Complex Traits: From Polygenic to Omnigenic . Cell, 2017
B E —

% EREEE Rz &R

RIS

B2

=T R—
DB R 5 K EER
[ENEAE N

BERREY MO FIRAEEREARARIRSS Bk )



(B'f \:o'. 158k £ 92
‘. -'.. —— SINCE 2009—

Omics network

Question: Why is the architecture of complex traits

: s o
dominated by huge numbers of small effect variants” Highlights
; T v itati
Approach: We built a quantitative phenotype model Propose a quantitative phenotype model based on
based on core gene expression core and peripheral genes
indieciranssreiifiton —— v' Model is parameterized using data on cis and trans
effects through network direct effects . .- .
... / / from core genes heritability of gene expression
pl LLLLL O-., .. . . ope .
o @ . v" Analysis implies that heritability explained by trans-
. 'o' *\ ,ﬂ::::”\ e . . . o
penpheral\ o " ?.o sl - ‘ aCtlng variants is at least 70%
genes P 4 *-{- . .
'~.,. [ e —— Complex trait v' Co-regulation of core genes can further amplify the
SO =mn = phenotype . .
05 20, 03K i - contribution of trans effects
“\‘ ..:.~".:':~::=*J *
kY ‘e- .:.\’,.*J- +
o"‘""o ------- ::*/
M M M ;-1 . . . .
_— -~ - : . Trans Effects on Gene Expression Can Drive Omnigenic
\"ﬂ]‘()xl,) — Z A,j L‘_j.(‘is + Z '\:7 "“’j.'l’«'!ll.\’ + Z Z 2"”"”\(’1\ . p g
= = =1 k=t Inheritance. Cell, 2019

N 2 2 o ot
M core terms M trans terms M?2—M\ covariance terms

Conclusion: Most of the trait heritability is explained by
many small trans-regulatory effects from peripheral genes
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Core genes mediate the cis and trans

Regulatory variation impacts traits by
effects of trait-associated variation

affecting peripheral and core genes

SNPs cisto
peripheral SNP
&
. ,“' o
Peripheral genes ¢ i i’ ‘i’ trans
L] ] ’ g . .
N ,*', A trans csf Pen heraL...,i‘
SNPs cisto core 4 ¥ # s genes oL
¥ 1 ] -
N Foy A
core genes [l 1l I
Phenotype

Phenotype

Causal Pathways for Variants Affecting a Trait through
Core Genes
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Ways a genetic variant can lead to a pQTL
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@ Data types for intergrative omics

Data type Large-scale research efforts Utility and advantages

Genetic variation Many GWAS consortia, 1000 Unbiased source of genetic basis of At least one step removed
Genomes, gnomAD and UK disease and direct inference of from the phenotype
Biobank causality
Epigenetics ENCODE and Roadmap Functional impact and typically easy to  Not applicable for all
Epigenomics Project infer causality phenotypes
Gene expression GTEx and GEUVADIS Inexpensive assay for an intermediate ~ Not applicable for all
step towards the phenotype phenotypes
Proteomics and CPTAC, EDRN and Common Likely to be very close to the Expensive and difficult to
metabolomics Fund phenotype scale (proteomics)
Microbiome Human Microbiome Project Likely to be very close to the Combination of genetic and
phenotype and measures a environmental influences
combination of genetic and makes it difficult to infer the
environmental influences direction of causality
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DNA modifications

Oc @ sme

methylation and chromatin accessibility

Transcription and RNA maturation

Histone modifications

Modifications can be active marks
(e.g.,H3K4me3 in green) or repressive
marks (e.g., H2K27m3 in red)

A 5hmC /5fC / 5caC

Chromosome organization

Higher-order chromatin organization
into LADs and TADs

——— DNA accessibility
scNOME-seq
Transcription factor binding SCATAC-seq
TF binding interacts with DNA scDNAse-seq

Histone modifications
scChIP-seq
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@ Single—cell Omics data types Boget 20000

Epigenomics Proteomics
v sCATAC-seq#iiE v'Sc-surface protein-seq#¥
i
Genomics | Transcriptomics | Immune Repertoire

v'scCNV-seq##E v'scRNA-seq##E v'scVDJ-seq##E
’//
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Epigenomics
meGWAS-meQTL

Transcriptomics

TGWAS-eQTL, sQTL. roQTL

Phenotype
GWAS-asscoiation

MRNA/mMiRNA
/LncRNA/CirRNA/Splice

Single cell RNA-seq
Sc-eQTL

Protein&Glycomics
pGWAS-pQTL

glycGWAS-glycQTL

Metabolome&Microbiomics
MGWAS-mQTL, miGWAS-miQTL
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@ The Genome first approach Boger 000
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@ Multi-omics strategy to epidemiology
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0 Bcl2i11 Zfp661 Dusp2 Fahd2a Mall
P A
Llilsp8—> Apdel— «Ciaol Gpatz— «Mal «Bub1 Bcl2L11-) i Literature-based evidence
(] 1 o - = H P
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a FTO GWAS locus FTO IRX3  IRX5 d Functional mechanism
Normal haplotype "H'IHHH"'HH’P :'""""""":
Risk haplotype  mepsieeseiefeseiiden 5 5
E I In vitro assays of IRX3 and IRX5
b Epigenome : :
Chromatin capturing = e = - — - g ! R&
: : Tissue specific inhibition of IRX3
C Transcriptome ' i ' ' E :
E ' "\‘ Correlation and :
¢ 'H” H ”H—b | i, enrichment :
; e i L —E *., analysis :
Computational prediction ‘ _,,—‘\\ . ! : . :
of rs1421085 as the : 11””””””%' SoleTe s :
causative SNP : ., :
; ‘ . ‘ ‘ ) v
: Lipid storage FTO obesity variant circuitr
e -H%'H'HH Lipid catabolism . y . . Y
rs1421085 TT—CC Mitochondrial function and adipocyte browning in
CRISPR-Cas9 editing —0—0——0- Adipocyte differentiation

humans. N Engl J Med.
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Table 3 | Summary of the 11 AD PWAS-significant genes with evidence for being consistent with a causal role in AD

D_is_conty PWAS  Confirmation PWAS Evidence for causality | (TWAS si tﬁ?jt_ __N_!!_ gene ks

Gene Chromosome coLoc SMR
1 CTSH 15 Significant Replicated Yes Yes Suggestive Yes
2 DOC2A 16 Significant Replicated Yes Yes NAA Yes @ .
3 ICAIL 2 Significant Replicated Yes Yes No Yes E Cel Type
4 LACTB 15 Significant Replicated Yes Yes Suggestive No E ” L] A!h_mv'es
5  SNX32 n Significant Replicated Yes Yes Yes Yes 2 =f:“:::’
6 ACE 17 Significant Replicated Yes No Yes Yes ) || Oligodendracytes
7 RTFDC 20 Significant Replicated Yes No Suggestive No g .
8 CARHSP! 16 Significant Replicated No Yes Yes Yes
9 STX6 1 Significant Replicated No Yes Yes Yes
10 5TX42 16 Significant - Yes Yes Yes No e
| PLEKHA™ 10 Significant - Yes Yes N/A Yes
Prateins not Sound in the confirmation PYWAS. N/A refers to genes that did not have significat heritability estimates to be included i the TWAS of AD. The ful results for the TWAS are shown in
Supplemantary Tables 17 and 18, 'Suggestive’ in the TWAS significant’ colume reders to ganes with 0.05 < TWAS nominal # < 0. New gene rafers 1o genas not within a 1-Mb window of SNPs with
FEAR T T B 3038 AR O CARHSP1 CTSH DoCzA 5 ICAIL PLEKHA1 SNX3z
ne

Integrating human brain proteomes with genome-wide association data implicates new proteins
in Alzheimer’s disease pathogenesis Nature Genetics: February 2021

B EY B FRASERIARAIRSS N )




@ The Genome first approach— & & # 2 MWAS 4 #i

®. —— SINCE 2009

WADRC sample collection

'

WADRC data cleaning

v

WADRC C5F metabolite GWAS

WRAP sample collection

'

WRAP data cleaning

v

WRAP CSF metabolite GWAS

\/

GWAS meta-analysis
7 l ")
Regional association plots, gene annotation, eQTL
look-up, comparison to non-CSF studies
b & i
Genotype-metabolite prediction model building
s & ~,
Metabolite-phenotype association testing
(BADGERS)
s A

Supplementary Figure 1. Overview of MWAS
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Sample 1: CSF metabolite
GWAS from WADRC/WRAP

\

f
|
| |

SNP ——» C(CSF metabolite ——— Phenotype

\ )
|

Sample 2: Phenotype GWAS
from IEU GWAS Database

Supplementary Figure 29, Two-sample Mendelian Randomization model set-up

The general outline of our MWAS approach is as follows: (1) identify single-nucleotide

polymorphism (SNP)-metabolite associations; (2) build metabolite prediction models using

genotypes; (3) test metabolite-phenotype associations with publicly available GWAS summary

statistics. Step 1 is used to demonstrate that SNP-metabolite associations do indeed exist and
thus justify the building of metabolite prediction models in step 2 on a cahort where both
genotype and metabolite data are present. Step 3 uses the prediction models in conjunction
with publicly available GWAS summary statistics on neurological and psychiatric phenotypes to
test metabolite—-phenotype associations. The advantage of MWAS is that it allows for this
metabolite—phenotype association testing to occur in GWAS datasets where only genotypes

and phenotypes (not metabolites) were originally measured.

Cerebrospinal fluid metabolomics identifies 19 brain-related phenotype associations Communications biology 2021
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P<7.2x101

|
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stepwise conditional
tests

!

Knowledge-based
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2030 independent
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genes for

p
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L 1357=1033+324 signals

-
Causality:

FinnGen release 4

|

Campesterol - galistones (&)
1 VMA - hypertension (#) L

Colocalization:
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disease traits

F £ ™\
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N A >

Fine mapping

1

v
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SPIP20.95

G 57

!

(66 genes implicated
by PTV or missense
with VPIP20.8

.
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Genome-wide association studies of metabolites
in Finnish men identify disease-relevant loci.

Nature communications 2022
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| I
dental caries
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teeth defect ™
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] |
teeth loss R
e — . ua
I
white spots on the teeth &= i
I — e
gingival bleeding EEEEEEEETIEY —— P
]
dental calculus R
0 005 01 015 02 0 0.1 02 03 04 05 06 07 05 0.6 0.7 0.8 09 1
microbiome contribution variance explained AUC
M saliva_micrcbe tongue_microbe genetic_PRS W PRS_saliva_microbe M PRS_tongue_microbe

Ela: MEMXIHORRMAEEREE, Eb: REY), EEPRSUIRMESSXI6FORTH
SRR, Bl &Y, EREPRSLINMEZESXI6MORRERXPSAIFTIRIEE (AUC)

Metagenome-genome-wide association studies reveal human genetic impact on the oral microbiome. Cell Discovery (2021)
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@ The Epigenomics first approach B 7 3% M6 —# 55 2 &
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@ The Epigenomics first approach—u & i # t 1+ $Ui

87% of cis-eQTL SNPs, 82% of cis-pQTL SNPs, and 59% of GWAS Catalog SNPs are also cis-meQTL variants

cis-meQTL trans-meQTL

Total N of the Fold P-value N of the | Fold P-value

SNPs overlap Change overlap Change
cis-eSNPs FHS 460,536 399,670 1.66 0 84,591 2.33 0
(1e-7)
cis-eSMPs Eur- 398,524 356,500 1.71 0 70,810 2.25 0
Meta
cis-pQTLs FHS- 12,401 10,176 1.57 0 2,045 2.09 0
1000g
pQTLs FH5- 19,942 16,660 1.6 0 4,428 2.81 0
1000g
cis-pQTLs 376 318 1.62 0 53 1.78 1.63E-05
NC2016
pQTLs NC2016 456 385 1.61 0 68 1.89 1.79E-07
metabolism 135 111 1.57 8.38E-14 26 2.44 6.52E-06
QTLs
GWAS Catalog 32,260 19,000 1.13 0 3078 1.21 0
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Clinical trials
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European discovery
KORA F4 study (N=1,731)
9,128,315 SNPs vs 349,724 CpGs

\ [

South Asian d
LOLIPOP study (N=1,841)
7,859,923 SNPs vs 358,482 CpGs

= 7.2M SNP-CpG pairsat P<10* -> 11.4M SNP-CpG pairs at P<101¢
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| |
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A model in which alterations in the microbiota and their metabolites

influence neuronal function and learningrelated plasticity, which may be

due to altered microglia-mediated synaptic pruning, and subsequently

regulate fear extinction behaviour
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Discovery of new genetic loci for male sexual
orientation in Han population

15 BioMiao Biological Technolo Beijing) Co., Ltd, Beijing, China.

Abstract

Epidemiological studies have demonstrated that the genetic factors partly influence the development
of same-sex sexual behavior, but most genetic studies have focused on people of primarily European
ancestry, potentially missing important biclogical insights. Here, we performed a two-stage genome-
wide association study (GWAS) with a total sample of 1478 homosexual males and 3313 heterosexual
males in Han Chinese populations and identified two genetic loci (rs17320865, Xg27.3, FMRTNE, Pets
= 8.36 x 10°% OR = 1.29; rs7259428, 19012, ZNF536, P;ea = 7.58 x 1078 OR = 0.75) showing
consistent association with male sexual orientation. A fixed-effect meta-analysis including individuals
of Han Chinese (n = 4791) and European ancestries (n = 408,995) revealed 3 genome-wide significant
laci of same-sex sexual behavior (rs9677294, 2p22.1, SLC8AT, Pyets = 1.95 = 10°% 52414487, 15921.3,
LOC145783, Pets = 4.53 x 10°% 152106525, 731.1, MDFIC, Pets = 6.24 x 10°%). These findings may
provide new insights into the genetic basis of male sexual orientation from a wider population scope.
Furthermore, we defined the average ZNF536-immunoreactivity (ZNF536-ir) concentration in the
suprachiasmatic nucleus (SCN) as lower in homosexual individuals than in heterosexual individuals
(0.011 + 0.001 vs 0.021 = 0.004, P = 0.013) in a postmortem study. In addition, compared with
heterosexuals, the percentage of ZNF536 stained area in the SCN was also smaller in the homosexuals
(0.075 + 0.040 vs 0.137 = 0.103, P = 0.043). More homosexual preference was observed in FMRINE-
knockout mice and we also found significant differences in the expression of serotonin, dopamine,
and inflammation pathways that were reported to be related to sexual orientation when comparing
CRISPR-mediated FMR1MNB knockout mice to matched wild-type target C57 male mice.
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npj ‘ parkinson's disease www.nature.com/npjparkd

ARTICLE W) Check for updates
Genome-wide association study using whole-genome
sequencing identifies risk loci for Parkinson’s disease in
Chinese population

Genome-wide association studies (GWASs) have identified numerous susceptibility loci for Parkinson’s disease (PD), but its genetic
architecture remains underexplored in populations of non-European ancestry. To identify genetic variants associated with PD in the
Chinese population, we performed a GWAS using whole-genome sequencing (WGS) in 1,972 cases and 2,478 controls, and a
replication study in a total of 8209 cases and 9454 controls. We identified one new risk variant rs61204179 (Pcombined = 1.47 X 1079)
with low allele frequency, four previously reported risk variants (NUCKS1/RAB29-rs11557080, SNCA-rs356182, FYN-rs997368, and
VPS13C-rs2251086), as well as three risk variants in LRRK2 coding region (A419V, R1628P, and G2385R) with genome-wide
significance (P <5 x 1078) for PD in Chinese population. Moreover, of the reported genome-wide significant risk variants found
mostly in European ancestry populations, the correlation coefficient (rp) of effect size accounting for sampling errors was 0.91
between datasets and 63.6% attained P < 0.05 in Chinese population. Accordingly, we estimated a heritability of 0.14-0.18 for PD,
and a moderate genetic correlation between European ancestry and Chinese populations (ry = 0.47, se = 0.21)._Polygenic risk score

(PRS) analysis revealed that individuals with PRS values in the highest quartile had a 3.9-fold higher risk of developing PD than the

lowest quartile. In conclusion, the present GWAS identified PD-associated variants in Chinese population, as well as genetic factors

shared among distant populations. Our findings shed light on the genetic homogeneity and heterogeneity of PD in different ethnic
groups and suggested WGS might continue to improve our understanding of the genetic architecture of PD.

npj Parkinson’s Disease (2023)9:22; https://doi.org/10.1038/s41531-023-00456-6
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Elevated BICD2 DNA methylation in blood of major depressive
disorder patients and reduction of depressive-like behaviors in
hippocampal Bicd2-knockdown mice

Jianbo Xiu* ™, Jiayu LiF™, Zeyue Liv*™", Hui Wei", Caiyun Zhu™", Rongrong Han™", Zijing Liv™®, Warwan Zhu™®, Yan Shen®®, and Qi Xu*®’

Edited by Joseph Takahashi, University of Texas Southwestern Medical Center, Dallas, T received February 3, 2022; accepted Juma 7, 2022

Major depressive disorder (MDD) is a prevalent and devastating mental illness. To
date, the diagnosis of MDD is largely dependent on clinical interviews and question-
naires and still lacks a reliable biomarker. DNA methylation has a stable and reversible
nature and is likely associated with the course and therapeutic efficacy of complex dis-
eases, which may play an important role in the etiology of a disease. Here, we identified
and validated a DNA methylation biomarker for MDD from four independent cohorts
of the Chinese Han population. First, we integrated the analysis of the DNA methyla-
tion microarray (7 = 80) and RNA expression microarray data (2 = 40) and identified
BICD? as the top-ranked gene. In the replication phase, we employed the Sequenom
MassARRAY method to confirm the DNA hypermethylation change in a large sample
size (n = 1,346) and used the methylation-sensitive restriction enzymes and a quantita-
tive PCR approach (MSE-qPCR) and qPCR method to confirm the correlation
between DNA hypermethylation and mRNA down-regulation of BICD2 (n = 60).
The results were replicated in the peripheral blood of mice with depressive-like behav-
iors, while in the hippocampus of mice, Bicd2 showed DNA hypomethylation and
mRNA/protein up-regulation. Hippocampal Bicd2 knockdown demonstrates antide-
pressant action in the chronic unpredictable mild stress (CUMS) mouse model of
depression, which may be mediated by increased BDNF expression. Our study identi-
fied a potential DNA methylation biomarker and investigated its functional implica-
tions, which could be exploited to improve the diagnosis and treatment of MDD.

BERREY MO FIRAEEREARARIRSS

Sequenom MassARRAY Methylation Analysis. The Sequenom MassARRAY
platform (BioMiao Biological Technology) was used to quantitatively examine
methylation according to the protocol recommended by the manufacturer (38).
The genomic DNA was bisulfite-converted using the EZ-96 DNA Methylation-
Gold Kit (D5008, Zymo Research). The primers were designed by EpiDesigner
software (www.epidesigner.com). The sequences of the primers of the target
sequence were 5'-aggaagagagAGITTGGTAGTTAGGGAAGAAGGGT-3’ (forward primer)
and 5'-cagtaatacgactcactatagggagaaggctACTITACAAACACCCAAACCACTAA-3' (reverse
primer). The T7 promoter sequence was added to the PCR products, and in vitro
RNA transcription was then performed and processed by base-specific cleavage.
Small RNA fragments with CpG sites were obtained. The time of flight mass spec-
trometry (MALDI-TOF MS) was used to determine the molecular weights of each
fragment. The methylation level of individual units was measured by quantitative
methylation analysis (Sequenom). A linear regression model was used on the
Sequenom MassARRAY methylation data to analyze the differences in methyla-
tion levels between groups (MDD and control) with adjustment for sex (male and
female) and age.
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A metabolite panel that differentiates Alzheimer’s disease
from other dementia types

Abstract
Introduction: Alzheimer's disease (AD) is associated with altered metabolites. This

study aimed to determine the validity of using circulating metabolites to differentiate
ACKNOWLEDGMENTS

The authors thank Zeming Wu from iPhenome (Yunpukang) Biotech-

nology Inc, and BioMiao Biulngical Technolog: jEﬁeiiingi Cumgang for

technically supporting the experiments. This study was financially sup-

AD from other dementias.
Methods: Blood metabolites were measured in three data sets. Data set 1 (controls,
27: AD, 28) was used for analyzing differential metabolites. Data set 2 (controls, 93;

AD, 92) was used to establish a diagnostic AD model with use of a metabolite panel. vorted by Beijing Brain Initiative from Beijing Municipal Science &

The model was applied to Data set 3 (controls, 76; AD, 76; other dementias, 205) to Technology Commission (Z201100005520016); National Natural Sci-
verify its capacity for differentiating AD from other dementias. ence Foundation of China (81870825, 82071194); and Beijing Munici-
Results: Data set 1 revealed 7 upregulated and 77 downregulated metabolites. In Data pal Natural Science Foundation (7202061).

set 2, a panel of 11 metabolites was included in a model that could distinguish AD from
controls. In Data set 3, this panel was used to successfully differentiate AD from other
dementias.

Discussion: This study revealed an AD-specific panel of 11 metabolites that may be

used for AD diagnosis.
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Proteomic profiling of circulating L

plasma exosomes reveals novel biomarkers
of Alzheimer’s disease

Abstract

Background: Neuronal- and astrocyte-derived exosomes have been identified as an optimal source for screening
biomarkers for Alzheimer’s disease (AD). However, few studies focus on the bulk exosome population isolated from
plasma of AD. This study investigated whether proteins in bulk exosomes can aid in the diagnosis of AD.

Methods: The plasma exosomes were collected by ultracentrifuge. Protein samples were extracted from exosomes.
Cerebrospinal fluid levels of amyloid B (AB)42 and phosphorylated tau (P-tau)181 were measured for diagnostic

purposes. A pilot study (controls, 20; AD, 20) followed by a second dataset (controls, 56; AD, 58) was used to establish Acknowledgements
a diagnostic model of AD. Mass spectrometry-based proteomics was performed to profile the plasma exosomal pro- We thank BioMiao Biological Technology (Beijing) Company for technically
teome. Parallel reaction monitoring was used to further confirm the differentially expressed proteins. supporting the experiments.

Results: In total, 328 proteins in plasma exosomes were quantified. Among them, 31 proteins were altered in AD
patients, and 12 were validated. The receiver operating characteristic curve analysis revealed a combination of six
proteins (upregulated: Ig-like domain-containing protein (AOA0G2JRQ6), complement C1g subcomponent subunit
C (C1QQ), complement component C9 (CO9), platelet glycoprotein Ib beta chain (GP1BB), Ras suppressor protein

1 (RSUT); downregulated: disintegrin and metalloproteinase domain 10 (ADA10)) has the capacity to differentiate
AD patients from healthy controls with high accuracy. Linear correlation analysis showed that the combination was
significantly correlated with cognitive performance.

Conclusions: The combination of plasma exosomal proteins AOAQOG2JRO6, C1OC, CO9, GP1BB, RSUT, and ADAT0 acts
as a novel candidate biomarker to differentiate AD patients from healthy individuals.

Keywords: Alzheimer’s disease, Exosome, Proteomics, Biomarker, Diagnosis
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Increased retinoic acid signaling decreases lung metastasis in salivary adenoid cystic
carcinoma by inhibiting the noncanonical Notch1 pathway

MYB-NFIE fusion and NOTCH1 mutation are common hallmark genetic events in salivary gland adenoid cystic carcinoma (SACC).
However, abnormal expression of MYB and NOTCH1 is also observed in patients without MYB-NFIB fusion and NOTCHT mutation.
Here, we explore in-depth the molecular mechanisms of lung metastasis through single-cell RNA sequencing (scRNA-seq) and
exome target capture sequencing in two SACC patients without MYB-NFIB fusion and NOTCHT mutation. Twenty-five types of cells
in primary and metastatic tissues were identified via Seurat clustering and categorized into four main stages ranging from near-
normal to cancer-based on the abundance of each cell cluster in normal tissue. In this context, we identified the Notch signaling
pathway enrichment in almost all cancer cells; RNA velocity, trajectory, and sub-clustering analyses were performed to deeply
investigate cancer progenitor-like cell clusters in primary tumor-associated lung metastases, and signature genes of progenitor-like
cells were enriched in the "MYC_TARGETS_V2" gene set. In vitro, we detected the NICD1-MYB-MYC complex by co-
immunoprecipitation (Co-IP) and incidentally identified retinoic acid (RA) as an endogenous antagonist of genes in the
“MYC_TARGETS_V2" gene set. Following this, we confirmed that all-trans retinoic acid (ATRA) suppresses the lung metastasis of
SACC by correcting erroneous cell differentiation mainly caused by aberrant NOTCH1 or MYB expression. Bicinformatic, RNA-seq,
and immunohistochemical (IHC) analyses of primary tissues and metastatic lung tissues from patients with SACC suggested that RA
systermn insufficiency partially promotes lung metastasis. These findings imply the value of the RA system in diagnosis and
treatment.

Single-cell sorting, t-distributed stochastic neighbor
embedding (t-SNE), and cell annotation

Cells from fresh tumaor tissues were isolated for the preparation of single-
cell suspensions via the Chromium™ Single Cell 3’ Solution technigue, and
then analyzed by BioMiao Biological Technology Co. Ltd. (Beijing). Raw
data (150-200 Gb) were obtained from six samples. The following numbers
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Expansion of Colorectal Cancer Biomarkers Based on Gut
Bacteria and Viruses

Abstract: The alterations in gut bacteria are closely related to colorectal cancer. However, studies
on adenoma are still scarce. Besides, the associations of gut viruses with colorectal tumor, and the
interactions of bacteria with viruses in colorectal tumors are still under exploration. Therefore, a
metagenomic sequencing of stool samples from patients with colorectal adenoma (CRA), colorectal
cancer (CRC), and healthy controls was performed to identify changes in gut microbiome in patients
with colorectal tumors. Five CRC-enriched bacteria (Peptostreptococcus stomatis, Clostridium symbiosum,
Hungatella hathewayi, Parvimonas micra, and Gemella morbillorum) were identified as a diagnostic model
to identify CRC patients, and the efficacy of the diagnostic model was verifiable in 1523 metagenomic
samples from ten cohorts of eight different countries. We identified the positive association of
Bacteroides fragilis with PD-L1 expression and PD-1 checkpoint pathway, providing a possible direction
for studying bacterial carcinogenesis mechanisms. Furthermore, the increased interactions within
the microbiome in patients may play roles in the development of CRC. In conclusion, this study
identified novel microbiota combinations with discrimination for colorectal tumor, and revealed the
potential interactions of gut bacteria with viruses in the adenoma-carcinoma sequence, which implies
that the microbiome, but not only bacteria, should be paid more attention in further studies.
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