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Abstract: As a practical and efficient strain breeding technology, genome shuffling has circumvented
the essential requirements of comprehensively cognized genetic background and operable genetic
system for the microbial manipulations, and could break through the species limit to accelerate the
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directed evolution of important microorganisms via the recursive protoplasts fusion. Hence it has
been widely applied for the strain improvement and the industrial development of various
metabolites in the microorganisms. In the post genomic era, the rapid development of omics and
bioinformatics make genome shuffling as an important bridge to link different strain breeding
methods, and enable us to explore the complex metabolic networks and global regulatory
mechanisms in microbes, which provides an opportunity to design the accurate manipulation for the
directed evolution of target microorganism. This paper has systematically summarized the recent
applications of genome shuffling in the microbial strain improvement, the research progresses
involving related studies in genomics, transcriptomics and proteinomics are especially described in
detail. Moreover, the great potential of combinative applications of genome shuffling with omics,
bioinformatics, and synthetic biology, are also forecasted.
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Figure 1 The general process of genome shuffling
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Table 1 Genome shuffling improves the production of microbial metabolites
it AR IR e
Metabolite Parental mutagenesis Species Final production

(increased level)

e-Z RIME R e-Poly-L-lysine UV+NTG REEHERL N Streptomyces graminearus 13.5 g/L (88%)""
PR T BE- 2 UVANTG+MW R T R B Clostridium acetobutylicum 2221 g/L (34.53%)"
Acetone-butanol-ethanol
ZHiH % Doramectin UVANTG BT 4E4% 75 P8 Streptomyces avermitilis 992 mg/L (11.2 folds)™!
FrT2Efr 75 2 Avilamycin 60Co-y ray GO OEESTE Streptomyces viridochromogenes 1.4 g/L (36.8 folds)!™!
i P Ik Nosiheptide 60Co-y ray+LiCl TG EREERE I Streptomyces actuosus 1.54 g/L (9.2 folds)™
e-ZRIFAIR e-Poly-L-lysine ARTP+RE a5 R N Streptomyces albulus 56.5 g/L (1.5 folds)!'
(IR RS Low-temperature  UV+DES AR E Acinetobacter johnsonii 7 U/mL (~3.0 folds)!"”?
alkalophilic lipase
& fRABTT Lovastatin uv FRERH 2 Aspergillus luchuensis 57.0 mg/gds (6.0 folds)"'*)
T Butanol NTG R T B2 Clostridium acetobutylicum 20.1 g/L (23.3%)!"”
e-ZRIE PR e-Poly-L-lysine UVANTG T FERE R 23S Interspecific hybridization 24.5 g/L (>3.0 folds)>"
Z 1B Ethanol UV+LICI W EeF/ R Pichia stipitis 41 g/L (~1.5 folds)!
Z.% Ethanol NA BRPGEELE Saccharomyces cerevisiae 120 g/L (11%)
TP Butanol ARTP PRI T A PRl R ZEFUAT B A R 15.63 g/L (34%)™*"

C. acetobutylicum/Bacillus cereus symbiotic system
L-A %R L-glutamic acid UV+DES BRARPEIRNFFE Corynebacteria glutamicum 119 g/L (1.8 folds)*"
BEHIFR Succinic acid UVANTG BEIABR T ATIA Actinobacillus succinogenes — 95.6 g/L (73%)
BHE Sugar alcohol UV+ARTP S B IREERE Pichia anomala 47.1 g/L (32.3%)2¢
PR Propionic acid UV+LICl NERAF# Propionibacterium 4.01 g/g (25%)"
M ELZ Cordycepin UV+HNO, JUMIREE Cordyceps kyushuensis 978.25 pg/g (9.6 folds)?*®
AR IEH R Xylanase UV+NTG+EB it NRCF5 Aspergillus sp. NRCF5 427.5 U/mL (6.13 folds)®*
KRR P1 Nuclease P1 60Co-y ray & %% Penicillium citrinum 1 980.2 U/mL (4.7 folds)>"!
FMETT i Transglycosidase 60Co-y ray JE H /R %5 Aspergillus niger 14.91 U/mL (194%)P!
Muzh B4 4 i UV+Ultrasonic SHP A I EE Brettanomyces anomalus 4790 U/L (~8.0 folds)>?
Extracellular B-glucosidase
2] 4 Cellulase uv RGNS Aspergillus glaucus 70 U/mL (~1.8 folds)"*¥
WAL RS Fructosyltransferase  UVA+LICl K% Aspergillus oryzae 353 U/g (3.4 folds)>"
Z)fthEF % Natamycin UV+5-BU 16 B fUEERL IR Streptomces gilvosporeus 4.69 g/L (3.8 folds)?*”
REPEZ Surfactin UV+NTG+on beam  f#JER 25T Bacillus amyloliquefaciens 350.1 mg/L (10.3 folds)™*
M5 BE ] Tacrolimus UV+NTG SN HERE I Streptomyces tsukubaensis 365.6 mg/L (11.0 folds)>”
iAF6EE 2 Daptomycin UV+NTG H ISR TR Streptomyces roseosporus 582 mg/L (3.8 folds)®™
FLRRBEBREA K Nisin UV+DES FURRFLERE Lactococcus lactis 4023 TU/mL (2.4 folds)®”!
WHREE 2% Pristinamycin [0AY RIEAEEETH Streptomyces pristinaespiralis 120 mg/L (6.0 folds)*”
HUR R 5% 2 Fengycin NTG +RE FRVER ZEAOFT I Bacillus amyloliquefaciens 450.51 mg/L (8.3 folds)™ "
T 5% 4 2% Deacetylmycoepoxydiene UV HIZE 5B A123 Phomopsis sp. A123 219 mg/L (275.0 folds)™*?
AW H K Glutathione UV+NTG FBRE % £ Saccharomyces cerevisiae 230.88 mg/L (3.3 folds)™*”
% y-A %M Poly-y-glutamic acid ~ UV-+LiCl L ZEAIFTER Bacillus subtilis 34.3 g/L (18.8 folds)™*!

T¥: NTG: WA4FEAR; EB: WAL %E; DES: Bl —ZME; EMS: HIATRAMEE; BU: BURMELE; MW: I%; RE: BoMHA TR
ARTP: HIEERFLETIU; UV: $IL; NA: KA.

Note: NTG: Nitrosoguanidine; EB: Ethidium bromide; DES: Diethyl sulfate; EMS: Ethyl methanesulfonate; BU: Bromouracil; MW:
Microwave; RE: Ribosome engineering; ARTP: Atmospheric and room-temperature plasma; UV: Ultraviolet; NA: Not available.
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Table 2 Genome shuffling improve the physiological characteristics of microbes

A PR A WA= PRI FERE
Physiological feature Parental mutagenesis Species Increased level

A B M Glucose tolerance UVANTG RICEERZTE Streptomyces graminearus 70%!"

i #4: Thermotolerance UV+DES BRARPEIRATH Corynebacteria glutamicum ~16%2

2- it 4 A A W i 22 4 UV+NTG+EB 18 NRCF5 Aspergillus sp. NRCF5 10 folds™”
2-Deoxyglucose tolerance

5-3% F B g A2 14 NA BRI EEEE Saccharomyces cerevisiae 100%7
5-Hydroxymethyl-furfural tolerance

AHHR 24 Xylose tolerance NA BeIREEREEE Pichia stipitis 2.5%8

BRI EEEE Saccharomyces cerevisiae

1F T BT 372 P n-Butanol tolerance Fluorescence labeling KIGH-E Escherichia coli 2.6 folds™”
Rii B2 75 7 Deacidification activity uv S ZAFARERE Schizosaccharomyces pombe 225.2%5%
LT3 Ethanol tolerance UV BRI EERE: Saccharomyces cerevisiae 7%
SN 3Z M Isopropanol tolerance  NTG FERIREA Clostridium beijerinckii 1.4 folds®?
PR PE Antimicrobial activity uv FLER F BRI Pediococcus acidilactici 1.43 folds™
Hilft 1 Adhesive property UVANTG TEHIFLFF R Lactobacillus plantarum 10%54

RDX [%f# RDX degradation NA WSS A B BT Stenotrophomonas maltophilia — 50%

TE: NTG: Wf3EAL; EB: #ALZ5E; DES: HMBRTZW; UV: ML NA: AL
Note: NTG: Nitrosoguanidine; EB: Ethidium bromide; DES: Diethyl sulfate; UV: Ultraviolet; NA: Not available.

IR (Succinic acid)5 #i IR, AitE
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i S A RN 4R A S oy S5 1) 8 1 i 72 X T P
T B REU P A 2B R iR Y, S K E
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