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Multi-omics technology and its applications to life sciences:
a review

LIU Jingfang, LI Weilin, WANG Li, LI Juan, LI Erwei, LUO Yuanming

Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: With technological advances in high-throughput sequencing, high resolution mass-spectrometry,
and multi-omics data integrative tools and data repositories, the omics research in life sciences are
evolving from single-omics strategy to multi-omics strategy. The research of system biology driven by
multi-omics will bring a new paradigm in life sciences. This paper briefly summarizes the development
of genomics, epigenomics, transcriptomics, proteomics and metabolomics, highlights the composition
and function of multi-omics platforms as well as the applications of multi-omics technology, and

prospects future applications of multi-omics in synthetic biology and biomedicine.

Keywords: multi-omics; genomics; epigenomics; proteomics; metabolomics

Wi 1986 43 [F 514 % Thomas H.
Roderick B IR$E H 3L A 2= E& Lk, FER A
SRR T LR, IS T RS 4 2
FoRdloE . ARG RS G RN A
SEPRA A A ER LR . SR, B4l
HA W SRR, HEEM e — )2 LT
oY, ROFEIR 2 2% 22 DNA M B, R4l
RNA (1, EABRAFNEAFRKME, 1
I 2H 2% AR 19 £ B 55 S o At i = A
T, NEEMEEIR FH R AEYRTIRE, LA i B
YRR E KR A TG U gl 2%
MM TR, I B 2 4 2B 70 A Rl iF
RPN REEMEENE, FIEHE A
(R RGE AN AR (B 1), PRt e A
%, R BFIARRE BERR R,
BENL NN e brie, BEREACH R4,
BRI HAN NN T, 2 G N EEH L

http://journals.im.ac.cn/cjben

R ZAE AT R AR A WSS o3 A, AT A5 M IE
BRI EETE RIS - KRR

U 2 2 AT AR TSI, T
FI T AR FETE SR A BRI R IRA, U
B F AR TR A, T S AL |
FUIENAH | sk, mOmAH A% 2
e il F R AT G b, A REAS IR 4 IR
(B 2P Ry rpdse HORRI s —HAR, Hig
) B A= i iR R b B — 0 T B D RE, AR A
R, RS EE 1) DNA 741, ) HAT IRER
B AR EAEEACEY, Rl E2A)Z
Pa AL R 58 Ry, AN s . BRI
RNA/Z IKKEfE . B3I B0 & 22 )iz < o A
I, U SR R R A S T A ) B S Y
FEL FRAEAS R 4 2 22 8] i 52 ORI BAME B
P, Ak 5 DR A )R DAY 4 R TR 2H O IR o
(genome-wide association study, GWAS) 1] L i},



UEE B BESHAREEE SR SHRDLAER

Bl1 UEARKRILMBAFSZHEFXR
Figure 1
NUEE NET B A% By AR SE TN, BN REHT
ARBEAE I E] R FESE , RS R B B D RE 25 S0
B DR S5 BB KU Z A Y &R o 4R
AR BT 7 J2 10, 4 B EE 20 AR R kb

Multi-omic variation

/43&@&!1””

»

Healthy

Environmental exposures

V4

1
1
I
i
!
]
i
i
1
1
1
i
L]
i
1
'
1
i
1
I
1
!
I
!
i
i
!
i

' e :
: 11521 / Disease

B2 ZEF5ALRERFEXMEREESER
Figure 2 Conceptual model showing the correlation

between multi-omics and human disease’.
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Illustration of the relationship between single-

omics and multi-omics.
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Figure 3 Technology platforms for multi-omics. (1) Sequencing platform. (2) Mass spectrometry platform.

(3) Integrated platform for multi-omics data analysis.
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Figure 4 Flow-chart for mass spectrometry-based proteomics platform.
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Figure 5 Flow-chart of mass spectrometry-based metabolomics platform.
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Table 1  List of multi-omics repositories””!

Data repository Web link Disease Types of multi-omics data available

The cancer genome atlas  https://cancergenome.nih.gov/  Cancer RNA-seq, DNA-seq, miRNA-seq,

(TCGA) SNV, CNV, DNA methylation, and
RPPA

Clinical proteomic tumor  https://cptac-data-portal. Cancer Proteomics data corresponding to

analysis georgetown.edu/cptacPublic/ TCGA cohorts

International cancer https://icgc.org/ Cancer Whole genome sequencing, genomic

genomics consortium

(ICGC)
Cancer cell line https://portals.broadinstitute.
encyclopedia (CCLE) org/ccle

Molecular taxonomy of http://molonc.bcere.ca/
breast cancer international aparicio-lab/research/ metabric/

consortium (METABRIC)

Cancer cell line

Breast cancer

variations data (somatic and germline
mutation)

Gene expression, copy number, and
sequencing data; pharmacological
profiles of 24 anticancer drugs
Clinical traits, gene expression, SNP,

and CNV

TARGET https://ocg.cancer.gov/ Pediatric cancers Gene expression, miRNA expression,

programs/target copy number, and sequencing data

Omics discovery index https://www.omicsdi.org Consolidated data sets Genomics, transcriptomics,

from 11 repositories in proteomics, and metabolomics
a uniform framework

CNV: copy number variation; miRNA: microRNA; RPPA: reverse phase protein array; SNP: single-nucleotide polymorphism;
SNV: single-nucleotide variant.
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Figure 7 Roadmap of multi-omics applications in synthetic biology.
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