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X G oR T H B L R 4] 2 R R | DR (A 4 0K
- L 485 7 TR) — BRAR AN ) G v () B9 22 S, O T PR
TE v 4 B2 R LR s AL 2 2%

1 MRERE
1.1 EHREIR

Al T i LB AT I PC-01 B BROR H N5 4R
W K2 # PR TR E (Lactic Acid Bacteria
Collection Center, LABCC), & ¥ % = N I-
MAU60230, #l 1+ B %L B #F & PC -01 (I-
MAU60230) J2& 2007 4F 53 £ H 74 LB i X R 4E
YR — R H A R AR AR R TR AR

2022 4F 3 A 14 H )\ NCBI  (National Center
for  Biotechnology  Information, https ://www.ncbi.
nlm. nih.gov/) RefSeq %04 & T 25 1 ¥k @l T F& 5L
1% KT B PC—~O1 F1 T 16 L& FF 18 Zhang [ 41 52
A
1.2 FEAFIF{L][

F BRI S MRS Bi 322, ) N A ILAE Y
B AR/ 7 ; Wizard® Genomic DNA Purifcation
Kit \5xTBE AL ¥k 2 s . BRG B . 2% R e Y
GELVIEW, Jt &t 1 % 5 ;DL2000 DNA Marker
(Takara) .6XDNA Loading Buffer,Trans Gen,

FEANAL S ZHIH-C BV A2 & 8 v T
TR, IR WA e A R ] HWS28 ALK
W, R ER A R A A IR SR, i
FERHAL SR A RA F AR 550 T,
NanoDrop /NI (F= S T A = N N
(OLYMPUS) ; Uit i 4% 3% 4% , 35 [ Scientific Indus-
tries A ] 5 FRUKAY , AL 50 oS — A3 ) 5 BEE AR AY
KM UVP 22 d] s AL, K& Mlumina 24 7
1.3 EHRAIFRE
131 BAIEAL S A R R TR IR A (=80
C) &I i FLEEFF 8 PC-01 B28 T MRS W A& ks
FRIEFP AT AL, 32.5 CHH L 7 T 97 24 h, 51U
2% (KA ) B LB 450 T b7 B FR 2k v, 32.5
CHEIR T ARG FF 24 h, IF B 5 217
IR ARG, R AU A b A B B L
WIS B R AR 5% (TR 80 HeRh S e Fh Tk
TE 5 77 ke vh R AT v 4 E A I8, 32.5 CCHE IR o AU R
T BXBUNG R, R A R R, TRV

2% 9 MRS - b ¥k A ,32.5 °Cifd 5 7 48
h, WEIFIE R EEIE S
132 PR DNA S0 A B PRI S v i
A PBS Z0hif , #ik1% 30 s IR G ¥5) R 5 LA 4 500
r/min, 10 min 2.0 5 LIS, PR @, i H Wiz-
ard® Genomic DNA Purification Kit s 5| & $2 B
DNA, HARKE LS H U, I Nano
Drop il 58 1 43606 B2 3 e 0.8% 1Y) B i 4 6 e
FL KOS BT S IR DNA AT 4l 5 0 56 8 8 A A
1.4 £EFRAMNFSHEE

¥ 5T i A M 19 DNA FE AR IR B il 22 08 R 3L
WAYE DR R AR, BT 55 2 A i a2
J¥F 5 MluminaNovaSeq 6000 17 4= 5 K 4 J¥
FII5E

X515 B A RS FEAT i 0k, AR R TR AY cle-
andata J& , Bz FH 462 SOAPdenovo v2!"2X%} & i
1Y reads P17 PR, IR AF ) kmer {8, &5
HEAT Soap!™ 5 ik A L XT, 28 5 #2558 )5, % H Gap
Closer 3K R 3 %h contigs [H) /9 NP 25 UM, 3o 38 -
Bk 500 bp LAF 09 B, AR 2 B IF A
1.5 WERERERAFSHF
1.5.1 PR —Z M (average nucleotide i-
dentity , ANI) RT3 AWFFAEH] A H] /Y Perl
JAS TSR T B FLIS AT I PC-01 AR BRI BRI AN
B, 1572 % Goris 591 Chen 51051
152 ko FE Nz WAL w %l
Prokka v1.12 #fF U7 X} 10 #k &I+ B FL A7 &
PC—01 HE K41 5l e AT HE A 0 S v ke, LAARAS
GFF # X SO AT R 220 B (H T 3AZ O 3 A
R RHE) . &AM Roary S @ A% 0
LRI AR FZ L4
153 MERHZLFTW HETROENEH I-
TOL (https : //itol.embl.de/login.cgi ) % 3 #1752 4t &
BRI,
1.54 Digg P M il i CAZyme (Carbohy-
drate Active Enzymes) 7F 4k iE B0 2 (https ./
beb.unl.edu/dbCAN2/blast.php) ;  XF 4 X 20 I 9] i
frise,

i 1F RAST %48 % (http ://rast.nmpdr.org/ ) X}
% Ry A7) R A T TR L T R0,

il it eggNOG % 4Ji J% (http : //eggnog5.embl.de/
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Vi ] egeNOG-mapperV2 7E 2k i B T H R 56 41
JPols COG #uda e Lbxt, MM AkA5 T RE 1 B4
X
1.5.5 B ZEYE (single nucleotide poly-
mophism ,SNP) 437 LLRI T B ZL # # & PC-01
JEh A B P 91 8 2% [l mummer BCPFXS
10 Bk &) T B FLESHT I PC-01 #E4T SNP 2347
1.6 HIEIEE

fdi 1] TBtools M Origin 2021 &5 & /F 47 8l %
B2l

21 HEES

25 T B T e T i U A B 9 1 T I L R AT B
PC-01 7€ [R] — K5 2 5L b H B 5 FhAS 6] 19 B V% T2
05X 5 B [ 25 1Y e V& K i 5 R PC-01-
1.PC-01-2,PC-01-3 PC-01-4 1 PC-01-5, ¥E 1K
FH IR) BR7 9% T 25 1% P B TR 4 5 O PC-01-1-1 A
PC-01-1-2,PC-01-2-1 HI PC-01-2-2,PC-01-3—
1 #1 PC-01-3-2,PC-01-4-1 1 PC-01-4-2,PC—
01-5-1 F1 PC-01-5-2, 38 i WLEE 11 ¥5 R 1iE (% 1)
%H, B PC-01-3 Fl PC-01-4,PC-01-2 A
PC-01-5 £ AH L,

2 HRSAM F1 HEBENEREE
Table 1 Basic characteristics of colony

%5 Bk 5 i % 4 A

PC-01-1 PC-01-1-1 BAERK, FREN, R BLR , DG EF, B
PC-01-1-2

PC-01-2 PC-01-2-1 HEBK,EN KRR, D% EF, AT
PC-01-2-2

PC-01-3 PC-01-3-1 BAERK,FEN, ABRALE, DG REF, LR
PC-01-3-2

PC-01-4 PC-01-4-1 WHTF,FEN REFAE, A% TEF, AT
PC-01-4-2

PC-01-5 PC-01-5-1 HAEB D EN, RBRR DG EF, BT
PC-01-5-2

22 HESERANFHNELER

T X 10 R B AN [F] 2 BRI 9 43 25 Bk Y
BLDN A HEAT AR Y, JF 5 R B LS AT I PC—
01 Ji i 5 R 20 )5 9] L e o3 i, 2k DR 4l 4 1 45 1
T2, B 2 AT, 10 BRON ESBR 0 FE N 2K
/NH 2.69~2.83 Mb,GC % i K 46.50%~46.64% |,

T bR 4 B MR U B 3050197 A K D 4 T [X
(Coding sequences,CDs ),/ PC-01-2-1 iH 5
Fi CDs ;e %, 3406 1>, PC-01-4-1 iy />,
2793 A, GERRI ORI H E R AR
PIZHR/INVAT GC 5 i F HR AR AP AR B/ N 22 57

®2 EFEAMERRE

Table 2 Basic characteristics of genomes

A5 PHaE&R X /Mb N50/bp GC & %/% CDs
PC-01-1-1 158 2.75 52132 46.53 3228
PC-01-1-2 140 2.74 52132 46.53 3192
PC-01-2-1 138 2.77 44176 46.50 3406
PC-01-2-2 140 2.74 52132 46.53 3277
PC-01-3-1 135 2.71 52132 46.57 2 851
PC-01-3-2 143 2.71 52132 46.56 2935
PC-01-4-1 132 2.69 52132 46.60 2793
PC-01-4-2 135 2.71 52132 46.57 2985
PC-01-5-1 135 2.69 52132 46.60 2968
PC-01-5-2 130 2.69 52132 46.60 3036
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2.3 FHIZEE—BE (ANI) SR

- BIRZAT IR — B0 (AND) , 2 HDR S E e Y
TR ZH Bh N OC & 19 8 4 7 AR, T LR T A AR
HACEFIEAE YA N B R Z &R . AN AT DL i Xf
AEART P A T R 1) () 9507 2 1R AT LU AT AR, 24 AN
{E>95%I} | w] Ay ] — 4 il 485 SR WY | i) i
FLEEAF TR PC-01 Jf BE I 2H 5 10 #k BA A R 3k
RURFAE (4 &I 1 B 7L & AT PC-01 43 25 Ak ] ANT
EHEIRT 99.88% (I 1), FWIAKLL Y &+ s 7L
& FF TR PC-01 43 25 bk 5 I T bk B B i — 3L
P
24 Z-#ZOERESWN

FIH Roary FRAFTFE 11 BRE R 1Z L R 4R 15
B H7Z FE I 4E (pan genes) L 7% 2 869 A~ L[], H:
A% 0 3E A (core genes) A 2 571 A, AEA% L 3 A
£ 298 A, & 122 A B JE % A (accessory
gene) il 176 A~FE 5 3 A (unique gene), HEl 2a
AT Bt A e PR 2H B8 0 8 v B PR B i

2900 ke
= = Pan genes
= Coregenes

2800

K DR B
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B R 2 K
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99.96

99.92
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B T AZ O 3 PR AN B0a ks T RS OE XTIz
DR SR 25 S 2 AR 8], a1 2b AT AT,
e 51z R R E ) 89.61%, F W 11 #kal+
% 7L AT T A% 0 i TR 4 g BE ST

EmPresence WM Absence
PC-01
PC-01-1-1
PC-01-1-2
PC-01-2-1
PC-01-2-2
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(b)

B2 z-moERETHEBENRZERFESHRIAE

Fig.2 The trend chart of the size of core—pan genes and pan genes presence and absence heat map

2.5 CAZy ks

C A7 W58 32 WA [7) PR35 1 1) - 1 2L AT 1T 1
AT PR 1 32 A8 R BRI oK AL & ™, oK
1k & W) 1% 1 B (Carbohydrate —active enzymes,
CAZyme) I 5r 28 LA KOO 20 36 1y 9 i A7 1 R
FER T 0T SR L 5 R b 2 2k O3 i 52 2
1K AL & PR RE 1™, B, 3k T CAZy Bdl
JiE,XoF BT i FLI AT B PC-01 J5UAn ik PRI 20 J% v %
JE RIS 1 10 Bk 23 B R A K Ak & 9 5 T AR

WRE R T BRI R, SRR W (B 3) i B F
6 K2E,36 /NEMBKIL A I PERE, 645 19 1
WEAT K f# B (Glycoside Hydrolases,GHs) %% .8
A~ B BE e B2 1 (GlycosylTransferases, GTs ) K J% .3
MK E VIR (Carbohydrate Esterases,CEs)
KR 2 AWK A G W) 455 B (Carbohydrate -
Binding Modules,CBMs) %1% .3 /™l B AR B il 25
(Auxiliary Activities, AAs) Z I AT 1 > 22 M 24 fift il
(Polysaccharide Lyases,PLs) %%, 11 BpH 2
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LA GHs 1 GTs B2 & e feoh F 5, 3 EASF
R Gt 0% ) R 1 i DR B3 i R P S g A e 25 S, o2
SETERBAESYS GH F % i GH1 ,GH13_29
A GHI3_31 g iy Je P A i A W], XK 25 Y

o= % BEH T 6 W R —B—F FUH T i 45 il 26
P ARG, DL R gt GT 2806 9 GT2 Wi i) A&
PRBR i AN [R] |, 3ok 2 Il R 5 LB RS R L
FAR SR 22 8 04 R ) R O

R

282
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S WA S
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B 3 CAZy IR
Fig.3 CAZy annotated result

2.6 RAST TheEiF#

FIH RAST #E 28 T H X 11 4k &l 1 g L 8% 1
FH PC—-01 5 A 2 7 47 5 4 1T A6 D) RE ik PR o, 3
TERASE] 23 DIIRERZE (K 4), IR RER
7, 11 BREI T B FLES AT B PC-01 2 5K &
YA (Carbohydrates ) 1 3& RUBUCR iy 2, HOES
5 & A% (Protein Metabolism) PA M 2 JE ik M H:
7Y A W % % f# (Amino acids and derivatives)
I, JF HZ 5 ST fg iy L R RP 28 S8 H A7
XS, woKkawRE T EERN FEES
5 LB A 2SO 18 O A Y a1 ZUHE 1
(GalA) H1 6-BERR—B—FFLHE i (LacG) . &L
WhFAEESNEEES SEATREDE RN
rRNA LR K AT A= W G 10 W ik vh A7 7 22
1) F 2 e 2 5 H A TR R A= 05 LD B e
T2 )6 R B 2 R y 2L G Ve &R B
it A1 D 2R 5 Tl
27 REEREWIDHN

RGKE Ml LA T it 6] — FEAR A [R) 4> 14
RGO R, K E RS8R T W2 05 Fh i
SEA YRR B EERT IR, S T IRTEX 11 B
BT FLE AT 1H PC-01 Z M p kb e &R B 5
TR 1 7L R AT T 38 A L 00 ) ) T s L AT T
Zhang (Lacticaseibacillus paracasei Zhang) {E 4 5

Phosphorus Metabolism |

Sulfur Metabolism =PC-01
=PC-01-1-1
Stress Response #PC-01-1-2
PC-01-2-1
“PC-01-22
=PC-01-3-1
=PC-01-3-2
=PC-01-4-1
=PC-01-4-2
=PC-01-5-1
=PC-01-5-2

Respiration
Dormancy and Sporulation
Nitrogen Metabolism =

Fatty Acids, Lipids, and Isoprenoids
DNA Metabolism

Regulation and Cell signaling

Cell Division and Cell Cycle
Nucleosides and Nucleotides
RNA Metabolism

H: R g
Function of genes

Iron acquisition and metabolism
Membrane Transport

Phages, Prophages, Transposable elements, Plasmids
Miscellaneous
Potassium metabolism =

Virulence, Disease and Defense  [==———=
Cell Wall and Capsule
Cofactors, Vitamins, Prosthetic Groups, Pigments

Amino Acids and

Carbohy

o 20 40 60 80 100 120 140 160 180
e PR Btk

Number of genes
B4 RAST EB4R
Fig.4 Result of RAST annotation

FER R, (R ORI R R G R FW, WK 5
INLRGEREMEES R 24003, B BRET
i FL W A 1 PC-01 5 &Il -+ 1% 7L B 4 1 Zhang &b T
PR3 3, 10 BR &1 2L AT 3 PC-01 5 &1+ 1%
FL W& ¥ W PC -01 Ji 4f T #k B 78 W — 2 3
(Branchll) , Branchll X434 3 A~ #E4k % (Clade) ,

Cladel #1 % PC-01-1-1 ,PC-01-1-2 5 PC-01 ¥
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WAL HE B i, R HCEZ X R L, Clade Il
I3 %48 PC-01-3-1 ,PC-01-3-2 . PC-01-4-1 Al
PC-01-4-2, CladeIll 73 % 1% PC-01-2-1 .PC-
01-2-2 .PC-01-5-1 il PC-01-5-2,f H.ifl i B 7%
BG4 5 & 3 PC-01-3 A1 PC-01-4 & F &

Tree scale: 0.001

AL

B R AEH GG AT RIS RS PC-01-
2 il PC-01-5 B W] R IHDOEHT AT W1
A BV 25 BIAE TR B ALY B IR 25, 1R W
TR A A 388 12 T 2 0 T B 250 AR R I

H¥n

- W TR AL REFF P Zhang
- @ T RS LR T B PC-01
- BT REFUREAT I PC-01-1-2

- @8 T REFLREHT B PC-01-1-1
- @8 TRELREFTB5 PC-01-3-1
- T REALREFT B PC-01-3-2
- W T REALREFT B PC-01-4-2
- BT REALREHT I PC-01-4-1
- BT REALREFF B PC-01-5-2
- W T REALREFF 8 PC-01-5-1
- BT R FUREAT I PC-01-2-2
- TR FLREAT I PC-01-21

E5 EFRLEEFIMBEREZAEH

Fig.5 Construct a phylogenetic tree based on core gene sequences

2.8 SNPs fii 54

LR T % 3L B AT 18 PC-01 J5 IR 1 Bk 5 I8 41
YERZ7% %) 10 #R 53 B AR 4T SNP 20, FEiR
SE] 121 4~ SNPs A7 5, 4345 81 A~3E [F] L5728 Fil
20 ) L AE  HAR G TREA A X, R R L
AL PR AR R A R R 62
A GEAR p A T A X, 38 i H R AN ] B R Y
SNP fii i 2%, % ¥ PC-01-1 .PC-01-2 .PC-01-
3.PC-01-4 PC-01-5 5 Fh A [A] B 7% JE 2 (%) B8 1
HAETEA A Y SNPs A7 i (B 6) 5 H B A AH 7] TH %

40
35
30

25

Number of genes

3
20 19
15
10 0

L.
57 III(
ol Illlaaa.'a
: °
: L]

JE M PIRRE , 140 PC-01-1-1 F1 PC-01-1-2 %
7219 M AHE s A, Ho IR 480 11
A LR R 8 4, BRIt Z 4, PC-01-3 Fil PC-
01-4 HA MMM IEIEA  AFTE 8 M HHFE 28 48
P, Hop AR S5 AE R 5 A [ LR AR N 3 4,
BRI AEEES S HEREEAN, X RV
PRI R ) 78 5 5 TR T T8 S A AR DR

Wit COG HEATTRE R, W] LA L HEAT 40 B
B YA 20 - T AN [7] 43 85 bk v AH 56 2 1 o Y 2
BEIRE, P, X 81 AR S8 AR 7 g5 JIr X g fY)

roass . ; H !
Pz . . !
reass 3 .
50 46 30 2010 0
Number of SNPs
B 6 ETF 121 4 SNP i &% % UpSet

Fig.6 UpSet plot based on 121 SNP sites
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FEHEAT COG MR, iR 2R (18 7) al 0, BR 3
RERJN(S)HYZE N A1, 55 & i AL FE & (L) #H5E

Number of genes
oo I~
T T

N
T

C F G H 1

M RERE N %, HUORZ SRS Wika
R (G) BAZ AT B iz FACHS (F) 24

COG W]

C: REAET=H0iR

F: GiEisaiong

G: BoKEVREETnR

H: §lighaionig

1: fEERssETor

J: §E, CAMKESIE ISR

K: $R

L: 3%, ERSR

M: AREE/ YRR BRI NRARE IS
0: FEEBN, EORSR, #E
P: EilETHaioRg

S: WagARA

T: ESHSNH

J K L M O P S T
1 & R R SRR
Function of COG

B7 COGEEBHER

Fig.7 COG annotation results

HE— 2500 M 2 B, 10 BE 43 35 Bk h Y A7 AR S5
SLE R AN ABC B 11 G DG 1 28 245 467 45 B[R]
XG4l & 1 GT8 ZK % 88 111 LA M eps] .pbpF .
ponA 55 R 18 55 0 BE T B Wl A G | W R 78 i 2
& RFLR AN 228 (EPS) W G EE I , 5 5 4 Wy i
T B 200 i 28 B A e RN, R A O Y A A Bl
PRI W] DL = A KR AN 208, R A A Bl
S0 37 TR IR | R R R A A AN it 4
M, N AERF RARTE A . 5 ABC 8 17 505 AH G 58
AT 5 A 4G UVIABC RS A UVIABC R 40
BB/ R 562 2 B AR 1 GbuB M
B HstA | L4155 R/PTR: KT 25 ATP 454
HH DrA | HEER) ABC iz H (A ATP 45 4 HE A
YheS FIFF I k512 ATP 454 8 1 BeeA %, I H.
ABC B ARG — LR . DIReZ L 5
B S A TR R R R E S 5
GRNR HAR ) o 1 32 28 A 4G — /N oy, 4]
R AR B — SR FmEAR £
WK%, ik S S5 5SS RIS
S5 AT 7 977 ) 45 TR A B AR 0 AT U Y ik
A A A T SR Xt T B R AR R R i
FE b TR AR BE B A A 35 I R BE DI A7 36 T ke 11 J5
FSN

B —J5 1, H 7 PC-01-3 . PC-01-4 iY77 AE
ltaS FEH KA T AR [R) SLSRAS  laS F P 4t 1) 5 o

BE TR G T (LtaS ) P02 55 22 [ Yy 62 BH 14 4H 747 200 Jfd e
A B SR, = LiaS (195 2% [CBH M40
FEI 40 B A L2 RV AE R B 3K AT B R TR VR
PC-01-3 . PC-01-4 JE B W | REAGH i
GARE T IETE AR

Btz &b fEH 7% PC-01-1 Fil PC-01-2 Hif
FETEWE TR e B i\ D— - FLWH I 7K 8 (dgoD ) A [F] X
RA B TR L R T R 48 (PTS) , Ho 45 sk
bGPz f AT, 7E PR o0 A AR 3 PR RN 45
IF RGN AR EEAE S, JF iR fA e %
Z H5H e uhER (IR, 44 Z A5 | it
&A% B AL (DNA & 53 F 21 ) AH 56 14 58 A48 7 45
M 7% PC-01-5 T AATE R RASNL K 2 5ty
15 BALFRAR G, 5 PC-01-1 F1 PC-01-2 A H fik 21>
T A S T AR A R AR R LR AR, X T g 2
PC-01-5 MITVETE S MR /N RIA L 28 L ik,
X L G AR 1Y S A AT BRI T VR B A AE 22 S i

3 it

AT 5T LA R 1% FL B AT T PC-01 B i 2 [N
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Genomic Analysis of Different Phenotypic Colonies of Lacticaseibacillus paracasei PC-01

Zhang Jingwen,

Tian Guiming,

Sun Zhihong,

Yu Jie"

(Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education, Key Laboratory of Dairy Products
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Abstract Objective: To investigate the genomic differences of different phenotypic colonies of Lacticasetbacillus paracasei

PC-01 after high—density fermentation. Methods: Ten L. paracasei PC-01 isolates with different phenotypic characteristics
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after high—density fermentation were subjected to whole—genome sequencing using second—generation sequencing technolo-
gy, and the differences between these ten L. paracasei isolates were revealed by comparative genomics methods. Results:
The genome size of the 10 L. paracasei PC-01 isolates ranged from 2.69 to 2.83 Mb, the GC content ranged from
46.50% to 46.64%, and the number of CDs ranged from 2793 to 3406, with small differences in genome size and GC
content among the different colonies. The results of functional annotation showed that the number and types of genes en-
coding carbohydrate and protein metabolism, as well as genes involved in the synthesis and degradation of amino acids
and their derivatives varied among different strains. Phylogenetic trees were constructed based on the core genes, and it
was found that strains with similar colony morphology were located in the same branch. SNPs showed that every two iso-
lates with the same colony morphology had the same mutation site, which further confirmed the association between
colony morphology and genotype. Analysis revealed non-synonymous mutations in genes related to glycosyltransferases
(eps], pbpF, ponA, etc.) and the ABC protein family (yheS, bceB, bceA, pcrA and wwrA, etc.) in all 10 isolates,
allowing the strains to better adapt to their environment and thus survive the high density fermentation process. Colonies
PC-01-3 and PC-01-4 differed markedly from other colony morphologies with non-synonymous mutations in the [taS
gene. The deficiency of lipophosphatidic acid synthase (LtaS) caused the bacteria to exhibit impaired cell division and
growth defects, which may be the main cause of the differences in colony morphology. Conclusion: In this study, 10
isolates of L. paracasei PC-01 were analyzed at the genome—wide level, and the differences between colonies of the same
strain were resolved to provide data for the follow—up study of L. paracasei PC-O1.

Keywords Lacticaseibacillus paracasei PC-01; colonies; phenotype; comparative genomics analysis



