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Abstract: Genome shuffling methods were explored for Bacillus subtilis strain molecular breeding. Recycling protoplast fusion,
recycling transformation and recycling universal transduction were used for genome shuffling in B. subtilis. Four strains with
different nutrition-deficiency markers were used as initial strains. After five rounds protoplast fusion, transformation or transduction,
the descendant with 4 markers had not been detected, and the rate of descendant with 3 markers were 4.53x107, 1.64x107*,

4.47x1073, respectively. A computer program was made to simulate the recycling fusion process. Based on simulation result and
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comparing the genome shuffling result of B. subtilis in this experiment and that of Streptomyces coelicolor reported in references,

effective genome shuffling needs a high recombination rate of at least between 10 and 1072,

Keywords: genome shuffling, Bacillus subtilis, molecular breeding, protoplast fusion, transformation, transduction, in silico
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Table 1 Plasmids used in this study
Plasmids Characteristics Source
pAX01 AmpR, EmR, Bacillus integration BGSC, [8]
vector
R R . . .
pSG1190 Amp , Spc, Bacillus integration BGSC, [9]
vector
R R . . .
pBGSC6 Amp , Cm , Bacillus integration BGSC, [10]
vector
Amp®, Cm®, Bacillus integration
pBGSC6M vector, Plasmid derived from This work

pBGSC6 with fragment next to
metC3 gene

Amp®: ampicillin resistance; Cm®: chloramphenicol resistance;
Em"®: erythromycin resistant; Spc®: spectinomycin resistant; BGSC:
Bacillus Genetic Stock Center.
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Table 2 Strains used in this study
Strains Characteristics Source
PBS1 Bacillus Phage Université Laval
SB491 Widetype BGSC, [11]
QB917 hisAl, thr5, trpC2 BGSC, [12]
QB944 purAl16, cysAl4, trpC2 BGSC, [12]
trel2, metC3, glyB133,
QB934 trpC2 BGSC, [12]
. R pSG1190
MMF1 hisAl, thrs, trpC2, Spc transform QB917
r  QB944 transform
MMEF2 purA16, thrs5, trpC2, Spc MMF1
SB491 transform
MMF3 metC3 QB934
R pBGSC6M
MMF4 metC3, Cm transform MMF3
R R pAXO01 transform
FW7E metC3, Cm", Em MMF4
purA16, thrs, trpC2, MMF4 transform
MMFS Spck, Cm® MMF2
purA16, metC3, trpC2, MMF4 transform
MMF6 Spc®, Cm® MMF2
thr5, metC3, trpC2, Spck, MMF4 transform
MME7 Cm® MMF2
purA16, thr5, metC3, MMF4 transform
MMEFE
§ SpcR, cm" MMF2

Amp®: ampicillin resistance; Cm®: chloramphenicol resistance;
Em®: erythromycin resistant; Spc®: spectinomycin resistant; BGSC:
Bacillus Genetic Stock Center.

QB917 SB491 QB934
Transform
pSG1190 —> DNA—>
¥ Transform vy
MMF1 QB944 MMF3

l pBGSC6M ————>

<«— DNA Transform
Transform v
MMF2 \/
< DNA < MMF4
Transform vy
MMF5 MMF6 MMF7 MMF8
1 AMRPHEFHEFEERGEDRE

Fig. 1 Constructinon of Bacillus subtilis strains.

FH A AR pSG1190 #44k QBI17 (hisAl, thrs,
trpC2), 7€ QB917 FEH U LK amyE J& K 147 8 L
WA MM RPIMEER, 53] MMF1(hisAl,
thrs, trpC2, Spc®). L QB944(purAl6, cysAl4, trpC2)
Y24 DNA fitik, MMF1 fER 321k, K15 MMF2
(purAl16, thr5, trpC2, Spc®).,
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A, Y
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Protoplast preparation Competent cells Total DNA E Recipeint cells Phage infection
A A A A
2 E 1 1 Y Y
Fusion i Transforamation Infection [< Lysis
All fusants ¢ All transformants All transductants
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2 3MBEAFRETERNARATEE

Fig. 2 Perform genome shuffling by recycling protoplast fusion, transformation or transduction.
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R R ACER A T 2 R S AR AR R 7 107
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purAl16 4154 kb

thr5
3313 kb

Bacillus subtilis
4215kb

metC3
1328 kb

trpC2
2372 kb

B 3 purAl6. thr5. metC3. trpC2 4 NER M EF
HEXEHRLLHMNE

Fig. 3 Positions of purA16, thr5, metC3 and trpC2 on Bacillus
subtilis chromosome.
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Table 3 Counts and rates of descendant with 2, 3 and 4 markers in five rounds protoplast fusion

F1 F2 F3 F4 F5
(CCFO[?/HILSL) Rates (CCFOJ/HILSL) Rates (CCFOLlJl/nnth) Rates (CCFOLlJl/nnth) Rates (c%%l/nr;i) Rates
4 markers Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected
3 markers Undetected Undetected Undetected Undetected Undetected Undetected 1.16x10° 1.63x107° 1.02x10°  4.53x107°
2 markers 3.80x10° 1.22x107*  5.82x10°  2.53x10*  4.28x10*  1.70x107°  2.76x10° 3.88x107°  1.75x10°  7.80x10°7
Total  3.12x10° 2.30x107 2.52x107 7.10x10’ 2.25%107

24 HBFEBHEARREIENER

SRR E AR B E R 107, 1074, 107, 1072,
107 YE S5, BB R, Bl 5 REd)a,
E A ZABRIC P IR AR T A B Gn 2
4 iR o

X b S 58 SR RSB SR o O A B T A 52
I EE SRR AR 107" AUBTDZE AR T X, HF 4

* 4 BEFREEANETERMEESLEHETH
W E R ER AR FT & 89 b5

Table 4 Rates of descendant with 2,3 and 4 markers after
five rounds simulation protoplast fusion

Recombinat
ion rate

4 markers Undetected Undetected 1.5x107% 6.63x10°° 6.41x10°*
3 markers Undetected 5.40x107° 7.24x10°° 7.47x107* 6.21x1072
3.85x107°  3.75x10°* 3.75x107 3.64x1072 2.68x10 "

10° 107 107 1072 10"

2 markers

*5 REGCHSEMREFRTERAMSEEER
2R

Table 5 Comparison of the result of cycling protoplast
fusion of B. subitilis and S. colicolor

Rates of descendant after
5 rounds protoplast
fusion of B. subtilis

Rates of descendant after
4 rounds protoplast
fusion of S. colicolor

4markers 2.5%x1072 Undetected
3markers 0.17 4.53x107°
2markers 0.60 7.80x107°

AFRICHIEIR 4 B R MASAE] 107 5mSH. H
FE AT T B SEEG A5 BT R 107 Ao BIASLAD)
GERAE R . A 4 DFRICEEIR S A A
WL, A 3 MRIC BB R . BIERIAK
T AR A B2 R SR AR A P ) R AR S A IR
B B ERBLS R IEA FRRE T RAE O .
25 HUNMEERUME

St ZRCEE SR, A AR b S 2 AR
FEATT LURIIEAE 107 S0 g, AT A SCHR[1514RE .
2.6 BIRFEUKIHIER

PRI ARSI S5 R IR 6. MR LIE Y,
Zead 5 eiete, HARIEA 4 MRicii bk
ARaER B, WA 3 A 2 MRCiE, Bk R
Qb T3 0 R
27 EEARMFIGESIE

SURBMAE 108 PFU/mL L) I, B EE G 7
E R 7.0x10 '~2.0x10 ° Z b, 54 SCHk[15]
i
2.8 BEIRESTEMER

PRI LR R EE LR 7. MR LIE
Zad nieh s, HohFEBAA 4 MRCiE SR
HraERI, WA 3 A 2 MRCRE, R
A 0 B R

R6 AREAFMAIRPRIRAMAEFHTERKIBEURERKDERSAILLA)

Table 6 Counts and Rates of descendant with 2, 3 and 4 markers in five founds transformation

Fl F2 F3 F4 F5
(CC;G?:S{) Rates (ccsgl/lﬂ) Rates (CCFOII}I/ls/L) Rates (C(ijl*?lljl/lrtri) Rates ((gl*?lljl/lrtri) Rates
4 markers Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected
3markers 1.11x10% 7.99x107°  1.33x10*  3.24x107°  7.20x10°  7.83x107°  2.90x10®> 1.45x10™*  1.10x10°  1.64x107*
2 markers 9.07x10* 6.53x107*  2.59x10°  6.31x10™*  8.21x10* 8.92x10™*  5.80x10* 2.90x107°  2.35x10*  3.51x107°
Total  1.39x10° 4.10x10* 9.20x107 2.00x107 6.70x10°
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Table 7 Counts and rates of descendant with 2, 3 and 4 markers in five rounds transduction

F1 F2 F3 F4 F5
Counts Counts Counts Counts Counts
(CFUmL) R3S cpumr) RS cpumr)  R¥S crumr)  R¥S (cpumpy Rt
4 markers Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected Undetected
3 markers 5.00x10%  5.68x107  2.00x10° 3.33x107°  1.40x10° 4.27x10° 2.81x10* 4.47x107°  1.00x10°  1.64x107*
2 markers 3.08x10° 3.50x107*  1.22x10* 2.03x10°  5.83x10°  1.78x107°  1.29x10° 2.05x107*  1.30x10* 2.13x10°°
Total 8.80x10° 6.00x10° 3.28x10° 6.29x10° 6.10x10°

3 wWw
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