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Genetic stability of Lactiplantibacillus plantarum P-8 during
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Abstract: [Background]| Lactiplantibacillus plantarum P-8 is a lactic acid bacterium with
excellent prebiotic properties. Exploring its genetic stability during short-term continuous
subculturing helps to evaluate the stability of the cells in production. [Objective] To study the
genetic stability of L. plantarum P-8 subcultured in MRS medium at 37 °C for 100 generations.
[Methods] We observed the cell morphology and measured the carbohydrate utilization ability
of L. plantarum P-8 subcultured for 0, 25, 50, 75, and 100 generations in MRS medium at 37 °C.
The whole genomes of cells subcultured for different generations were sequenced by the
second- and third-generation sequencing. Comparative genomics was employed to
comprehensively analyze the genetic stability of the cells during the 100 generations. [Results]
The cell morphology and carbohydrate utilization ability of L. plantarum P-8 showed no
significant changes during continuous subculturing for 100 generations. With the genome of the
original cells as a reference, the genomic stability of different generations was compared. The
cells of all the generations had single nucleotide polymorphism (SNP) sites, while the number
of SNP sites was <21. The genomes of the cells at different generations had good collinearity
and high similarity. The results of carbohydrate activity enzyme annotation showed no
significant differences among different generations (P>0.05). [Conclusion] L. plantarum P-8
has good genetic stability during continuous subculturing for 100 generations in MRS medium
at 37 °C. This study laid a genetic foundation for the industrial application of this strain.
Keywords: Lactiplantibacillus plantarum P-8; continuous subculturing; comparative genomics;

genetic stability

Y1 FLAE AT 1 (Lactiplantibacillus plantarum)
P-8 JE—HkIT B A BLIRAL Gt & IR A W3 Y LR
i, HEE AR A PIRD . MR AT KR
g S WA A ARG AR E 4
R, FFERA 12 A ZLEAT R P-8 il LI
W AR B AR AR 45 P fE ST BIG

SEBER T T, B 5E R B &) W 25 A AIE (irritable
bowel syndrome, IBS)FIi5t 37 P 45 4 % (ulcerative
colitis, UC) & 7E A & A M FLAEFF 1 P-8 1Y
i 2R RS TS, IR R 8 T4 R 41 i
H ST, kel L, YT P-8
s — Mg AR AR R A FLIR A -

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4156 (YIS Gk

Microbiol. China

WF 5% A% A3 A v 2 A TR A i R Al A e i L
AEEE L BRI GG & 2R ik
ZW AR Z—, AR RIS o & i
BB LR AT B GG B K A BE i BRE R 41
sk, 93 spaCBA-srtCl SEHEEM ERD, T
spaCBA-srtC1 S [H % nts 1 1 £ 2 5 HAE Ak
B P R, R R I E SRR P
Stage kI | BRAWEFLEEAT I GG fERASTLAE
FEId R S A AR AR I, A5 R R, W
BHEFLESAT I GG 7RIz Lol A r=id B rh i B A
N TR UERE Y LT I P-8 7E Tolk i
)RR R 5 JEA e, A b B L3 IR 4 RS
FE W s AL R e A TR AR SE o

TR PR 1) 388 A AR PR A AT A H6 D¢ L e T AR
fiE . A= PR R DR 2 100 0 22 5 L SID A B4 oA
YIF AR P-8 i 224548 4 000 14, FFXTTRRRY
TRV 25 AR Re e R AR AL UEAT THRSE, S5 R %
B, HYFLRATER P-8 7ERKINA IR R 14y
Fa ™ A A BAIT 4 F 454 1 Tllumina 35
FPEORSE MAE D FLAEFT I P-8 IR FE 4 2K
U2 e BAE P R AT R P-8 A 4 JE IR 4L
— MK 3.03 Mb [ [RDE G (4R 7 A Bk 2
i, FEREFORAK IR 45 LBPp1-LBPp7'™), 1
= AW FURAT I P-8 IR IE N A S 2%, *f
Y FUAEAT B P-8 3E SA% AR 1 000 A a1 L R 21
AL PEA T ST, R T 24 ASFE AR
S SeRT A FLMAT I P-8 e
IR Z A b TR AR, e A ACFE T
b 3 E AR MR ST T IR B R

AMFFEAE 37 °CHIRIFEE T . MRS £ 37 3L
XTHPIFUREAT B P-8 24555 T 100 X, PR A
AR AR 7 22 5%, IR Tlumina — A7
V-5 #1 Nanopore — AU 31 55 Xf He 42 B PR 21 i
FTONIY o R FUREAT I P-8 JRLhR L R AL 2
T, F R A I R A 2 ) PR A% A0 A e 3

A RS EVERET T 20 A o AT 5T B FEIRSTAR Y 7L
FAT B P-8 fEf A AU R b A e b, D itk
— IR T L A B s A 1 S AR I 4
FHIE

P

1.1 w3
1.1.1  E b
i 4 FL A AT 1 (Lactiplantibacillus plantarum)

P-8 PN 52t A0l K 2= FL IR B TR R 5% U5 2 (lactic
acid bacteria collection center, LABCC)$Z{it
1.1.2 EFERFIFANERE

API 50 CHL i &, AWt iR EARR
) B4 DNA 2 HUAFR &, Promega 24 .
pH i, MR -FEF 2 E R RA R fE R
., Bl AR A BR A |5 ST
Qubit ZIEE AL, FEER AR B (h A R
ONE EERAEE, BAREECPE)A AR B
WAL, ERS—EYRHE A BR/A Al ;s PromethlION
TPASL, AR FLA BRAF] 3 Tlumina 71,
i (h EDB2Eas A R AR
1.1.3 ExHE

MRS ARG FE I (g/L): EAMR 10.0, 4K
281 8.0, BEEEIZ B 4.0, #5A5 8% 20.0, 1 76-80 1.0,
WA M 2.0, AN 5.0, FHiER =8 2.0,
BRBREE 0.2, HiFR%E 0.05, pH 6.2,

MRS [E ARG FEHE . 7 MRS WA 37 5L 7
By SEAE B AZE 15.0 g/Lo
1.2 FHiE
1201 E#HREUREKBELHLTH

H5—80 CCLRIE A M) LA AT I P-8 J5 4 B bk
fiftdR . HEA MRS AR SR IErp, 37 °CIE T #
Bi3% 24 h LITEAL R #R o 6 1% (B B0 R i
BUS LIS BRI T MRS AR =3 (1%
B3 Y1FAT), 37 °CIEIRFE RS 24 he Bl

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEA] RS HYIFUAEAT T P-8 SESAL AT TR i M A5 e Mk o3 4157

) 4FR8 2 h BURE, T 600 nm Ab I 5E T WO
(ODgoo), DA MRAE K 2R
122 E#HEREFRIEFRETE

K CAEMR R T MRS [ R 5 5
b, 37 °ClEIEH;FE 72 h, FEPLPLEL 3 AAETA,
3R T MRS WK SR I, 37 oCH i -
B53% 24 h, AR iR SR by 0 AURIBE . 1
WIFLATE P-8 76 24 h I HFATLEW, itk
PR 24 h R — AR,

WYFLREFT B P-8 DL i o, 4
i n WA RGN EON s 2" AN K Rk
e B R AR SR TG R AGE N Ny, WIE
A Fe o WA B TE R ACIE Y Np, 3 A S
logy (Ne/No) T3 1 — A% A W o8 B bk 1 A
B (TR 53 24BN -

1 0 BRI 1% (IRFA B0 A i 2 R0 3
A MRS WA S5, 37 °ClE R # & B 7
24 h PPN, EE L FERBEE RS 100
R, 1REE55 0. 25, 50, 75 Al 100 fCE#RIEFRIC
A0, A25. A50. A75 F1 A100.

1.2.3 H{RABEFSWE

XA AR R A T 25 R 8, SR G FE B
B TR . AR IRANIIE A, W1 R B bk 4l
B, IFRE 0. 25, 50, 75 F1 100 fCE BRI
B A
1.2.4 BoKEEYF AL DG

K FME LR APT 50 CHL 3251 & A AR [R) £t
FRRCGE 0, 25, 50, 75 1 100 %) F] 45 Rl k
EEIRREST, BARLTRN . (1) WESFERE
PRI TR, 43 3 2 A R oK A6 & 01
API 50 CHIRE 2% |5 (2) Bk S5 i A A APT
50 CHL ¥ 5Lt FH U TR A R 2t
[T; (3)37 °CHiF% 48 ho Z5HNE . ARiFHAE N
LA Jy A Ry FEE SN, FE W A Rk T A
X AR A5 5 5% 3% BN AR €8 00 A Bk s

I, FBIZ B RAS ] R R Bk K A5
1.2.5 E[F%E DNA fREUE N+

K Promega FE[F 2 DNA #2685 71
PRS0, 25, 50, 75 FI 100 ARG HR i EH 4
DNA, 153 6EEE T E DNA R B K 4l B
(Paso/Poso, Paso/Poso), FTAHE BRI W EE IS v Tk X
DNA Z5717 [ 56 48 J8 e A EA A

X ERIBUS Y DNA BASRIEIT : (1) #
FHRESRSEACATF A 2R A 3L 241 DNA, ff ] Qubit
X4l 5 1) DNA e AT E 5 (2) 24 DNA Jit
KT 3 pg i, HKHE Nanopore - 5 4 FE R 21 4
J£ Protocol X}F:[KZH DNA 743 ; (3) FIH
PromethION Ml {3 56 i A Ak DNA 4 R 7
SR AT v T AR PRI ZH RN 250 A5 R T i B 5
(4) FF Ilumina Novaseq M7 58 i HE K 2
HEIF, FREWT RN 1Gb,
1.3 WRERABASHAE
13.1 JRIEERSEFT

M NCBI T & YU P-8 14 SE A 21
FeyE NS 74,
132 EFRAHEREIESRR

XFF AP S 2 RAG reads, BASiE
1 NanoPack FfHIEA T LA, 2Bk Q HAR
T 7 1) reads LA3RAS = B ¥ 41 A NextDenovo
B 4 (https://github.com/Nextomics/NextDenovo)
Fl NextPolish {475 i ¥ 5 1) e 4 i 4 7 41
B SRJF @ Circlator Z/FUSERfL 2H 2 45 1
Z 3T AR T pilon HF YRR IE = ALK
W, mZAFE) 15 BRARAHED FLAE AT TR P-8 1Y
EREHA TR . FEEAE S WA A Perl
WA A TS
133 EMZER BT ERMEL TS

PO AT P-8 IR IE RN 15 BRAS
FfC PR ARIE AL, A Perl BHIARPO-80 5 5 1
PRIA]AE AT IR — B0k, R Mauve R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4158

(DGX7ES ik

Microbiol. China

3T 16 BRI Z A HEZePEC R
134 BEREFBRESHNEARRRZEZE DN
DIAEYIFLREAT B P-8 JRIRFEINAE NS %
JE, i MUMmer 442205 4 56K 20 551 1)
SNP i A TR, SR SAMtools HifF %t
SNP {7 &5 P HERR A T IR E . FEF 3R SNP {37
RA RS, i FH R4 (neighbor-joining, NJ)
A 200 KRG LEW .
1.3.5 HIEAHL
FIF iTol FELEH At (https:/itol.embl.de/itol.cgi)
Xt R G & B WA T4k, {5 ] TBtools 42"
ol ANT RIS R K AL G P 3 1 Tl 1
K

2 ZXR53b

21 RBEBEM

2.1.1 EHREKHEREFRKE
A ) LA AT B P-8 SR AR PRI ARAE R 9% 24 h

RO, K1 B8 ODgo B fLEH

RN, MY FLAEATTIA P-8 FER IR 2 h &b

FHEM], Higk 4 h AP, 18

1 HEYFENE P-8 RAEKRE K%

Figure 1  Growth curve of original strain of
Lactiplantibacillus plantarum P-8.
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2 FEREYIERE P-8 HAMAMAE100x)
Figure 2 Morphology of Lactiplantibacillus plantarum P-8 in different generations (100x).
*1 ARKREYIETE P-8 Wik EMBFI HIER
Table 1  Utilization of carbohydrates of Lactiplantibacillus plantarum P-8 in different generations
Code ID Carbohydrate A0 A25 AS0 AT75 A100
0 - Negative control - - - - -
1 GLY Glycerol - - - - -
2 ERY Erythritol - - - - -
3 DARA D-arabinose - - - - -
4 LARA L-arabinose - - - - -
5 RIB D-ribose + + + + +
6 DXYL D-xylose - - - - -
7 LXYL L-xylose - - - - -
8 ADO D-ribitol -
9 MDX Methyl-B-D-pyranoside - - -
10 GAL D-galactose + + + + +
11 GLU D-glucose + + + + +
12 FRU D-fructose + + + + +
13 MNE D-mannose + + + + +
14 SBE L-sorbose -
15 RHA L-rhamnose - - - - -
16 DUL Dulcite - - - - -
17 INO Inositol
18 MAN Mannitol + + + + +
19 SOB Sorbitol + + + + +
20 MDM Methyl-a-D-pyranomannan glycoside  + + + + +
21 MDG Methyl-a-D-glucopyranoside - -
54
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Code ID Carbohydrate A0 A25 A50 AT75 A100
22 NAG N-acetylglucosamine + + + + +
23 AMY Amygdalin + + + + +
24 ARB Arbutin + + + + +
25 ESC Aesculin-iron citrate + + + + +
26 SAL Saligenin + + + + +
27 CEL D-cellobiose + + + + +
28 MAL D-maltobiose + + + + +
29 LAC D-lactose + + + + +
30 MEL D-melibiose + + + + +
31 SAC D-sucrose + + + + +
32 TRE D-trehalose + + + + +
33 INU Inulin - - -
34 MLZ D-melizitose + + + + +
35 RAF D-raffinose + + + + +
36 AMD Starch - - - - -
37 GLYG Glycogen - - - - -
38 XLT Xylitol - - - - -
39 GEN D-gentiobiose + + + + +
40 TUR D-toulon sugar - - - - -
41 LYX D-lyxose - - - - -
42 TAG D-tagatose - - - - -
43 DFUC D-fucose - - - - -
44 LFUC L-fucose - - - - -
45 DARL D-arabitol + + + + +
46 LARL L-arabitol - - - - -
47 GNT Potassium gluconate + + + + +
48 2KG 2-potassium ketol gluconate - - - - -
49 5KG 5-potassium ketol gluconate - - - - -

+: ATRURIAL; — AL

+: Available; —: No use.
22 HREBREREMN
221 EFEAER

Soit AR TR RN 15 Mok B 5 AN AS R T Bk
PR AE B, 450K 2. MW FL AT P-8
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FE R0 SRR IR N R TR R, T RE
7 DNA $& B Wi 2 s i L R B, 7E
BN K B IR A BE A AR BTVRD 5 4
B Pt g . ILAh, NextDenovo 3 F7E
2% JORE 5 TR ASEDS ) AT Rl S B 2 ok
A gt s, AR wE bR R B R B
WA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEA] RS HYIFUAEAT T P-8 SESAL AT TR i M A5 e Mk o3

4161

R2 FRAREHRMEEARER

Table 2 Genome information of strains in different generations

Strain Scaffold quantity Size (Mb) GC content (%) N50 (bp) N90 (bp)
L. plantarum P-8 8 3.24 44.55 3035719 3035719
AO0-1 5 3.22 44.63 3045299 3045299
A0-2 5 3.21 44.66 3044914 3044914
A0-3 6 3.22 44.63 3044 560 3 044 560
A25-1 5 3.22 44.61 3043 986 3043 986
A25-2 5 3.22 44.65 3045739 3045739
A25-3 5 3.22 44.65 3046 155 3046 155
A50-1 4 3.18 44.71 3045099 3 045 099
A50-2 5 3.22 44.65 3 044 664 3 044 664
A50-3 4 3.16 44.67 3046 336 3 046 336
A75-1 4 3.18 44.68 3038329 3038329
A75-2 5 3.21 44.64 3 044 385 3 044 385
A75-3 4 3.18 44.71 3044 697 3 044 697
A100-1 5 3.22 44.66 3 045 682 3 045 682
A100-2 4 3.20 44.65 3044 637 3 044 637
A100-3 5 3.21 44.66 3 045 539 3 045539
222 FHZREBR—BESH 95%Kf, N HJE F Wl — P A, 5

AT 1R — B (average nucleotide
identity, ANI)JE7ER TR K F SR Heds 2 M
AW R4 G FR A I 1R RS, BT X)L
VR T 5 DR 2 22 ) A L R T 5 1 i 5 K
IR o YRR Z A A ANT (B R T

3 ETARKERERBLSIR AN AE

P FUAEAT BT P-8 ISR TR bR I 15 MEASIRIAC R A
1) ANT X285 R4 T RSB 2.
K3 R, BB EEZ R ANT [HE KT
99.96%, GG TRIAIAEME, FRIEA 100 £
TR A TR SRR TR 1) S5 2006 AT o

Figure 3 Heatmap of ANI based on the genome sequences of different generation strains.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4162

(DGX7ES ik

Microbiol. China

223 BRERESUMRRERESNEG

B HE R Z S P (single
polymorphism, SNP)Z+5 B T 5% 1 R el A2 1
SR I 28N, i o3 1 =728 bR
icz—PB% LI L. plantarum P-8 JEUHAF 5 2
FRENA, B 15 BRAFIUE R SNP 7 1,
G TR off ST 00, Z5 R 3.

AR T 13 4> SNP fii 5, 35 54>
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Table 3 SNP sites and annotation information
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Accessory gene regulator AgrB

Syn: [A] X %74F; Nonsyn: JE[A] LZAF

Syn: A synonymous mutation; Nonsyn: A non-synonymous mutation.
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Figure 4 Phylogenetic tree constructed based on SNP locus. Number of SNP sites of each strain: 9 in A50-3; 5

in A100-3; 4 in A25-3; 4 in A75-3; 3 in any other strain.
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Figure 5 Collinearity result chart based on the genome sequences of different generation strains.
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Figure 6 Heatmap of active enzyme annotation of carbohydrate.
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