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Abstract: Cloning of large genomic sequences is an enabling technology in synthetic biology. To obtain large gene
fragments, traditional cloning methods are faced with various defects, for instance, random library cloning relies always on
high-throughput screening. It is difficult to get gene fragments more than 10 kb by PCR amplification. Assembly of small
fragments is labor intensive with high mutation rates. It is difficult to find suitable cleavage sites on the fragment ends by
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restriction endonuclease. Recently genome-wide editing creates a new high-performance large fragments cloning methods.
For example, CRISPR/cas9 system can identify and cut 20 bp nucleic acid sequences recognition sites used to obtain any
desired gene fragments; if combined with Gibson or transformation associated recombination (TAR) assembly technology,
these methods can efficiently clone large fragments. This article introduces large fragments cloning technology by
classification, then proposes the choice criteria of methods for cloning gene fragments of different sizes.
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Table 1 Examples of large gene clusters cloning methods
Method Gene clusters Scale (kb)  Cloning hosts  Target compounds References

Genomic library Daptomycin cluster 128 E. coli Daptomycin [11]
Cosmid library Penicillium cluster 39 E. coli Penicillium [9]
MASTER ligation Actinorhodin (PKS) cluster 29 E. coli Actinorhodin [12]
Chemical synthesis Mycoplasma genitalium genome 144 E. coli [13]
LLHR 10 PKS-NRPS clusters of 10-52 kb 52 E. coli Erythromycin [14]
DNA assembler Spectinabilin cluster 42.6 S. cerevisiae  Spectinabilin [15]
SSRTA Epothilone cluster 56 E. coli Epothilone [16]
PCR+TAR Amorphadiene cluster 64.2 S. cerevisiae l)ciit(llydroartemisinic [17]
CRISPR/cas9 + TAR ~ human NBS1 gene 55 S. cerevisiae [18]
CRISPR/caso+Gibson - €01 lacZ gene contained 150 E. coli [19]

genome fragment

MASTER ligation: methylation-assisted tailorable ends rational ligation; PKS: polyketidesynthases; LLHR: linear linear
homologous recombination; SSRTA: site-specific recombination-based tandem assembly; TAR: Transformation associated
recombination; NRPS: Non-ribosomal peptide synthase.

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



B2 FETERARERROKXRREERRE 403

PCR 3 (D
3 2 ( 1)
CRISPR-cas9
“ ”cas9 20
(22-23] cas9
Gibson
TAR [18-19,24] [25]
CRISPR
[2]
PCR
[25]
2 AENBRIH
%4\ PCR 10 kb
40 DNA
GC PCR
PCR PCR
1.1 Obtain gene fragments )
SUDGDIIP )
Randomllibrary PCR Endonuclease cutting New: Cas9 cutting
I : T
l I 1 % %
1.2 Assembly
Enzyme ligation . Homologous sequences ligation
(Bascid on endonucleise cutting ends) (Based on overhang ends)
i i a Type [ endonuclease A P 2. (T}i)lixon assembly
g =, b. Type Il endonuclease > = c. DNA assembler

d. SLIC
RESUS Random lib PCR Endonuclease cutting  New: Cggd cutti
andom libra tt : tt

Iy ndonuclease cutting ew: Cas9 cutting

) T

1 KRRBERERAKHSENR

Fig. 1 The classification of cloning technology for large gene clusters. Cloning large clustersshould include the two
steps, obtaining gene fragments and assembling them. Using Cas9 to cut genome and get an objective gene fragment
is a new method for cloning large gene clusters.
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Table 2 Evaluation of common gene cloning techniques

Evaluation index

Methods
Operability Workload Fidelity Sequences information Cost
Random libraty ® ®® © © ®
§ PCR subeloning © ©0 ®® © ©©
° scyh:t‘;:;gll ©O ©O ©O &6 &6
Operability Workload  Mismatch Purity requirement  Assemble scale
z;: TAR &) ® ® ® ©©
% Gibson © ® ® ® ©
® means bad; @ means general; © means good.
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Fig. 2 Workflow of the optimized cloning strategies for large gene clusters
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Fig. 3 The choice criteria of cloning strategies for large gene clusters.
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