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Abstract: [Background] Lactobacillus paracasei, as one of the important strains in lactic acid bacteria, is
often considered as a potential resource for the development of probiotics. [Objective] L. paracasei PC-01
and L. paracasei Zhang were taken as examples to analyze the genomic differences and genetic backgrounds
of different L. paracasei strains, in order to laying a foundation for the identification and development of
strains. [Methods] The whole genome sequencing of L. paracasei PC-01 was sequenced by PacBio SMRT
third-generation sequencing technology, combining with 2 L. paracasei model strains and the whole genome
data of 36 strains which had published. Through the comparative genomics methods to revealed the
differences of 39 L. paracasei strains. [Results] The genome of L. paracasei PC-01 has one chromosome,
with a size of 2 829 251 bp and it’s GC content was 46.64%; L. paracasei Zhang contained a plasmid and the
genome size was 2 898 456 bp and it’s GC content was 46.51%. There were some differences of L. paracasei
strains about genome size, the number of plasmid and GC content. L. paracasei is an open genome with a
high genome diversity. Phylogenetic tree constructed by core genes has the best effect on species
differentiation of L. paracasei. What’s more, L. paracasei PC-01 and L. paracasei Zhang were in different
evolutionary branches. L. paracasei PC-01 and Zhang had a fragment matching rate is 91% of their genomes,
and L. paracasei PC-01 has 10 specific genes related to transcriptional regulation and rhamnoglycan
metabolism, such as aguA and clpB. L. paracasei Zhang contains mshA, ItrA specific genes were related to
glycosyl transfer and other functions. [Conclusion] Through the comparative genomics revealed the genetic
information of L. paracasei PC-01 and Zhang and found the differences of L. paracasei strains, which laid
the genetic foundation for the identification and application of L. paracasei in the future.

Keywords: Lactobacillus paracasei, whole genome sequencing, genome atlas, comparative genomics
analysis
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Table 1 The genome information of L. paracasei strains

Strains Accession No. Scaffold number  Genome size ~ Max length  Min length ~ GC content (%)
L. paracasei PC-01 = 1 2 829 251 2 829 327 2 829 327 46.64
L. paracasei Zhang GCA 0000192453 2 2 898 456 2 861 969 36 487 46.43
ATCC25302" GCA 000159495.1 125 3003 415 290 533 825 46.48
DSM20258" GCA 001436485.1 389 2 383 240 43276 202 46.42
ATCC 334 GCA 000014525.1 2 2924 325 2 895 264 29 061 46.58
BL23 GCA 000026485.1 1 3079 196 3079 196 3079 196 46.34
362.5013889 GCA 000155515.2 3 3025 352 2939 026 24207 46.30
BD-II GCA 000194765.1 2 3127 288 3069 926 57 362 46.29
LC2W GCA 000194785.1 2 3077 434 3039 042 38 392 46.31
W56 GCA 000318035.1 2 3132 096 3075 780 56 316 46.29
LOCK919 GCA 000418515.1 2 3 143 369 3113 601 29 768 46.22
NI1115 GCA 000582665.1 5 3064 279 2 938 059 3833 46.45
JCM 8130 GCA 000829035.1 3 3017 804 2 995 875 10 775 46.55
CAUH35 GCA 001191565.1 5 2973 347 2770411 31497 46.31
L9 GCA 001244395.1 1 3076 437 3076 437 3076 437 46.35
KL1 GCA 001514415.1 1 2918 888 2918 888 2918 888 46.60
A GCA 002079285.1 4 3246 143 3 055 892 45 033 46.25
TK1501 GCA 002257625.1 1 2 942 538 2 942 538 2 942 538 46.54
FAM18149 GCA 002442835.1 6 2969 707 2 710 941 28 557 46.31
TMW 1.1434 GCA 002813615.1 2 3170114 3063 698 106 416 46.37
HD1.7 GCA 002865565.1 1 3039 280 3039 280 3 039 280 46.42
HDS-01 GCA 002902825.1 1 3038 767 3038 767 3038 767 46.42
EG9 GCA 003177075.1 4 3074 406 2927 257 12 035 46.43
Lpcl0 GCA 003199005.1 1 3052 122 3052 122 3052 122 46.31
LC355 GCA 003268715.1 3 3143 531 3044 973 38999 46.38
ZFM54 GCA 003627255.1 3 3048 677 3015 887 13 282 46.34
Feb-12 GCA 003957435.1 2 3096 558 3 022 095 74 463 46.32
IJH-SONE68 GCA 003966835.1 3 3181 204 3084917 45267 46.39
SRCM103299 GCA 004141835.1 3 3 187 447 3081 420 38 400 46.38
CBA3611 GCA 007292115.1 2 3102 530 3035735 66 795 46.30
NJ GCA 007637635.1 1 3083412 3083412 3083412 46.40
10266 GCA 008329845.1 2 3044 908 3012 260 32 648 46.33
TCS GCA 008807095.1 2 3144 483 3077 701 66 782 46.28
IBB3423 GCA 009739485.1 3 3 240 583 3 183 386 5986 46.30
TD 062 GCA 009834405.1 7 2 867 519 2 667 255 8093 46.43
CACC 566 GCA 009931715.1 3 3240 202 3123 521 51921 46.14
347-16 GCA 012955485.1 3 3219 033 3102 350 51922 46.14
Lp02 GCA 013307125.1 3 3092 262 2991 176 47 041 46.33
MGYG-HGUT-02388 GCA 902386635.1 1 3076 437 3076 437 3076 437 46.35

Ee T B - LBRS
Note: T: The model strain; —: No accession No.
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Figure 7 BRIG analysis based on L. paracasei Zhang as reference genome

PERT BB 5% LI 56 Alayande 2B SRATLI
PNW3 SENZHIN P41, TR 39 M AAE
SR AERHPEMSCEE Y, SRR . AR PERR
KB F A A C . TE L. paracasei PC-01 Fl
Zhang W& I 6 A~ 5z W 5EAHA R G il 25 11 (3R 2),
FLEGIR . AYTETERR . B BN 1 o
T A, DUk E MR . BT HAESY
fiR1B L. paracasei Zhang BAAHUAA . BEIMAR AR
Ko A e E 7 4 25 A= AP, Wang ZEPH % P A
NBEBEA L. paracasei Zhang #54E kK BEFL5,
PEEATARAE . W B P AR R kg TR AL
THEO . MIERZH K- EBER) L. paracasei PC-01 H
B EMHRMER, £ L. paracasei PC-01 J&
— PR B A TE s A R 0 T AR, (B AR DR
R
3 i

L. paracasei Zhang J&: 2004 4E N ST HiR X
PR i S R i A A A TR R T 0 o B A B Y — bk
HAT 35 R Ee e LR i . AR 2 0 s,
L. paracasei Zhang HATHIER . W AHELEHEME, AT
FENARIE G, X T E BTy . FEAGR

W45y WA — &Y, e EE
Pz . ARSI 2007 A MNPEE AR
X P G R WEFL P A5 2N L. paracasei
PC-01 W EA RIFHIzs AR . L. paracasei J I
G Z ARG R A, HarKS¥ o —E
FEAE SO AR 2 BY . A 9T B e 5L N 41K 1
I HREE R 7y sdan 2 AREA a5 AR
L. paracasei ZIA|M2E5 . G50 EI/R L. paracasei
PC-01 KEKZHA/NH 2 829 251 bp, VA FikL;
L. paracasei Zhang FE[R 2 K/NRy 2 898 456 bp, 11
F AR RN GC & K CDS i %
AHHF; L. paracasei PC-01 Fl L. paracasei Zhang
Z[A] ANI{EH 98.37%, TNI{E A 80.74%. it Xf
39 ¥k L. paracasei WIER A KB, L. paracasei
JE TG, AF L. paracasei WFEHN A AE
BEAARE, mHEHENZ 0 2R — S 2=
St FIRZERERM L. paracasei B4 HA & B st
(CEZaaE

BEAh, AW SeREdEE T 16S rRNA, B
FE murE-uvrC HR I A% O FE R B A RN N R 50
REW, BT BRI ELHEZYFD 16S IRNA

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



3036 A

Microbiol. China

%< 2 L. paracasei PC-01 #1 L. paracasei Zhang EEEERFF EFANRIEER
Table 2 Protein-encoding sequences putative for important probiotic functions of L. paracasei PC-01 and L. paracasei

Zhang

Important probiotic features

Associated functional proteins/peptides

Production of lactic acids
Production of bioactive peptides
Production of adhesion molecules

Production of stress resistance molecules
Improving host metabolism

L-lactate dehydrogenase

S-ribosylhomocysteine lyase

ATP synthase epsilon chain

ATP-binding subunit C/pE

Poly (glycerol-phosphate) alpha-glucosyltransferase (EC 2.4.1.52)

PTS system, cellobiose-specific [IB component

S P Rk 99%, BI{# i 16S rRNA
FE AP 91 Fi1 2R U 23565 X LA 1 s LA 281 o IXC
S RS R AR R LN murB-uvrC KR
FI L 16S rRNA HE A 51108 1 LA 1T A IX 23 RCR:
G0 RIS N B F I DN X 43P AR T
IRTEE GRS ER . AP 16S
rRNA B K P9 F1E G murB-uvrC EREET 5113
ARETERMRACEARULIK 53 L. paracasei kK, A
F 39 ¥k L. paracasei B 1 458 M 1%.0FE K Tt & 1Y
ZHEKEW, "HB XS L. paracasei PC-01 Hl
L. paracasei Zhang TEA R #EALIT 30, FF Al LER
PRACE- FXT 39 BRIEHRIHFATAIX 53 NRGEK T
258y &, L. paracasei PC-01 Y L. paracasei
subsp. folerans DSM20258" AL IR B B, 21
2 tRis A W MR A A RIS 5, TR0
B R G0 Kk F BAT LA BCTE B R KX A [A] 25
A R AR T X 47

hik— T 2 PRas A RAERANE R, A
W5 A L. paracasei Zhang NZ % Ftk,
BRIG #1753 81 % BR L. paracasei PC-01 K%
1%L ZH Bt 5 L. paracasei Zhang FEK 4 VL
KT 90%, i L. paracasei PC-01 JEF4H 0.4%H9
FBYj L. paracasei Zhang FVLECR/NT 70%. b
Fb, i3 Roary XFERBEEE RSEI L. paracasei PC-01
H1 L. paracasei Zhang £ A WA JEKH, L. paracasei
PC-01 {EFER] 169 MRFA SN, o 159 MR RE
B, FERER 10 DS B
N- 2> FUE 2 5L 5 B il A Qi 55 D) RE A DG 1Y

R, 0 aguA . araB. rhaD, Hor 5 RZE0
AR RS 4 4, HHEN L. paracasei
PC-01 W fig A & 1% B2 WA 505 i Ak

L. paracasei Zhang {3 B2 47T 2 AR AR X 4%
D, S 51 AMRRA R, HPA 4 N ERE)
RERYJEIE, €135 epsE. yybR SFERL[A, ShliKLe%
B . F SRR A T AR G . HE— 2B A A R
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o FREERERY], il IR A ) i TR s
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