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Data-driven multi-omics analyses and modelling for bioprocesses
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Abstract: Biomanufacturing has emerged as a crucial driving force for efficient material
conversion through engineered cells or cell-free systems. However, the intrinsic spatiotemporal
heterogeneity, complexity, and dynamic characteristics of these processes pose significant
challenges to systematic understanding, optimization, and regulation. This review summarizes
essential methodologies for multi-omics data acquisition and analyses for bioprocesses and
outlines modelling approaches based on multi-omics data. Furthermore, we explore practical
applications of multi-omics and modelling in fine-tuning process parameters, improving
fermentation control, elucidating stress response mechanisms, optimizing nutrient
supplementation, and enabling real-time monitoring and adaptive adjustment. The substantial
potential offered by integrating multi-omics with computational modelling for precision
bioprocessing is also discussed. Finally, we identify current challenges in bioprocess optimization
and propose the possible solutions, the implementation of which will significantly deepen
understanding and enhance control of complex bioprocesses, ultimately driving the rapid
advancement of biomanufacturing.

Keywords: bioprocess; multi-omics; data science; digital cell model; integrative analysis
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Figure 1 Control variables (purple), state variables
(red) and production performance (blue) in
bioprocesses.
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Sample preparation, data acquisition, and analysis for bioprocess multi-omics. DP: Data

processing; QC: Quality control; DEG: Differentially expressed gene; DDA: Data-dependent acquisition;
DIA: Data-independent acquisition; LC-MS: Liquid chromatography-mass spectrometry; GC-MS: Gas

chromatography-mass spectrometry;

NMR: Nuclear

magnetic resonance; ChIP-seq: Chromatin

immunoprecipitation sequencing; PL-MS: Proximity labelling-mass spectrometry.
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%, mBEHA LD PhoX® |
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ik 0.906; HE—LIIERIT, ARl T I
TR0 A (B R DL R AU [R] i o T ) AT P
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(canonical model) .

(structured kinetic modelling)®® |
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Dynamic flux balance analysis

A

T T T T T T

I N
g I I I I I T I b
2 R R A T 1 B ,
< I I I I I I s
*E N O " L Y
= Lactose ; | Lo 1% 0
2 ~_ R g i
g . i [ B
S | Glucose NI I I I o I = Objective
o N i \ \ o I jas) )
= I o :
= R | I N I planf:. ..
'g : .\\‘ : : t : : maximising
=z R 1B : biomass

! f e | L I i

roduction
E Gl b B R
Time
Thermodynamics

Kinetic modelling

Products _—
Allosteric
activation _—

Gibbs free energy

. Buachnts Allosteric

inhibition
Rate law & regulation

Stoichiometry

Y.

Rate of reaction

. Noncompetitivg
:‘.N' -1 2 1-1 2-1 __inhibition
‘ 0 1 -1 1 11 Competitive
1 El 1 0 00 0 O inhibition
‘ a 00 00-10 Substrate concentration
1-1 0 0 0 O
0 0210 2

Heat Dissolved oxygen

B3 HEYEIENEERNU A SR AT A RN B, a2 K
1% WG % ETH R R E AL C: GRS I F AR Y R R . pH . £
B PRSI ST

Figure 3 Mechanistic model of bioprocess!'’!). A: Conduct dynamic residue balance analysis based on the
constrained model to simulate the metabolite repression effect in the bioprocess of co-utilisation of glucose
and lactose; B: Integrate multi-omics, thermodynamics, reaction kinetics, and stoichiometry to construct a
metabolic kinetic model; C: Model the bioprocess based on computational fluid dynamics, taking into
account the spatial gradients of substrate concentration, pH, temperature, and dissolved oxygen in the reactor.
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JNE A DA% Jo A% I S B0 R A S Pk 1 431
IR

KBAEF AT FOR PO & S misd 7AWt
Bt R, WE %) . F 8 %% 2 (transfer
learning) . 5%:4k2%>J (reinforcement learning) . %
1% 2% >J (ensemble learning) 1 4= Al XF $ip ™ 2%
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Figure 4 Al model training using control variables and state variables of bioprocesses.
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