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n Abstract

Conventional high-throughput (HTP) DNA synthesis technologies use intricate chip and microfluidic systems to produce large-scale synthetic
oligonucleotides, which depend on chip manufacturing and complex microfluidic systems, but with low yield and limited compatibility for long DNA assembly.
Here we highlight the microchip-based massive in parallel synthesis (mMMPS) system, with an ‘“identification—sorting—synthesis—recycling” iteration
mechanism applied to microchips for high-throughput DNA synthesis. This achieves not only high-throughput but also offers higher yield and enhanced
quality stability compared to conventional methods. We further explore its broad impact on downstream applications, particularly in high-throughput gene
synthesis and DNA variant library generation.

FJ mMPS HTP DNA Synthesis Technology High-throughput Gene Synthesis

Step 1 Step 2 DNA long-fragment assembly based on microarray chips:
Identification Sorting
. L1 LiLil;l Release from :"E:—-:_;:f | | Eap— . . —
ﬁ e T the chio %?:;:ﬁ Amp||fy Amplify Digest =Assemb|e
DNA microchip e e S R — =] =] 1
111001 100101 110001 110011 G C A T
G C A T (Microchip-based Massive in Parallel Synthesis)

DNA long fragment assembly based on mMPS:

Pnj-:cise identification of 1 Identification Effcient sort.ing of microchi?s ChipS with Gene1 O“gOS Gene]
unique markers barcoded to designated synthesis /7
on the microchips reaction columns | . : .
iy gy | FOLOSCOLOSOSE —
BNl b p Release from —
S (- A O B the chi
/] e Y S P mmm  Assemble
L e QO OO O 1
Step 4 Step 3 groeseneveees —
ST 9 i N G D iy
Recycling Parallel Synthesis Anea s aneneesel R
ig¥gggﬁ Oligo Synthesis (~100 nt) Gene Fragment Assembly (1-5 Kb) NGS Sequencing
ACTGCGAT . . - . . - - Sample Sequencing &
i Design — Synthesis Pooing— PCA — Cloning— Mini pre ple__, =ed 9
3.Parallel Synthesis l 9 y g 9 prep prep Analysis
ACTGCGATT
ACTGCGATT
R n DNA Variant Libraries Generation
High-fidelity oligonucleotide synthesis
Ready for the next-round of sysnthesis by centralized large-volume fluid system - . . .
. . _ > Deep Mutational Multi-Sites Combi-
»» Single-Site Mutation Scanning (DMS) > natorial Mutations
Electrochemical Inkjet-printing DOOO OO ( T TIXTIXITIIIX,
Support Microarray chip Microarray chip PP ® r PP 000000000
Throughput 48,000 - 90,000 108 ¢ .. . o . = ..
Yield <1 fmol fmol .
o ' === Benign (n = 322)
= m ” w= gnomAD (n = 3,964)
Efficiency ~97% ~98% ca 4 204 __ pathogenic (1 621)
3 8 Uncertain (1 = 2,709)
© -
Error rate 5-8%e 3-5% 5 o- z 1
% 0 1.0 -
e em
| | | | 0.5 -
[ ] [ ] [ ] m I m o
B Diverse Applications 18 g
g :Ig;) CEU E 0 ] | | | 1 |
£ 2 g -15 -1.0 -05 0 0.5
; ; 8 aPCA normalized fitness
mmol Solid-Phase Column Synthesis

|
eqgular : _ _ |
primer MMPS Sorting Chip Synthesis
Laboratory-level gene
synzlhesis : Industrial-level gene synthesis Capture probe

pmol :
Multiplex PCR Protein mutant library
fmol |
gRNA library

amol

nmol

Synthesis Yield

Solid-Phase Microarray Synthesis

96 384 1k 10k 100k >1M >1B

Synthetic Throughput

Zhang, et al. Nature biotechnology, 2025
Beltran, et al. Nature, 2025

Contact Information DA< GCAT-public_eu@genomics.cn @ www.gcatbio.com in www.linkedin.com/company/gcatbio




	幻灯片 1

