TR A SR IR May 20, 2019, 46(5): 1100-1107
Microbiology China DOI: 10.13344/j.microbiol.china.180881

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

—¥k ST477 B BRI AV £ B E BN F X inl A B FEiE
"M

Ty EFe

R TR MBS TR TR T 510640

i E(FF)ENENFAR T EEZNENRRAT, TRERNGRERS ZCBEN S5 B4
EEF., ALEAR inA EXREEZ LR miet AR E2EA. [8 6] AAREE 08 552
(Sequence type, ST)# 477 B#keG AR L4 /ER AL FE AR inlA 69845 AR, [ %) R 48 %%k
1) B AR BEAT % 4% B 7 5] 4 B! (Mutilocus sequence typing, MLST). #4%Z % B % 4 £ (Single
nucleotide polymorphism, SNP)Z L inlA 48 % A 547. (4R ] MLST ) ERET, 4
BAORFERGEREAELFL XA, Ao B A FERSE ST477 B EMKRALL HK, @iL SNP
SR, MmERREFE ST AEAMA LR EALER DY (91-93 A). 7 %A 4 LK % (Clonal
complex, CC)# 9 49 B k2L inlA LB 5 7] F] 4% B BR AR DAL A 29.8%—100%. [ 4536 Y F 547 T ST477
AR E AR ALK AL B AR, BB ARR T 304 CCO L 2 Btk inA KA RE KL, AR ST477
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Whole-genome sequencing of a Listeria monocytogenes ST477 and
genetic diversity of inlA gene

WANG Ya-Ge YAN He’
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Abstract: [Background] Listeria monocytogenes is an important opportunistic pathogen. There are some
differences in host range and virulence among different strains. Internalin gene inlA play an important role
in host epithelial cells invasion. [Objective] Analyze the genomic characteristics of the Listeria
monocytogenes STS477 isolate and investigate the genetic diversity of gene inlA. [Methods] Mutilocus
sequence typing (MLST), single nucleotide polymorphism (SNP) and inlA genetic diversity were analyzed
based on the sequencing data with software. [Results] MLST analysis showed that isolates from different
countries have close relationship. Based on the SNP analysis, ST9 strains isolated from Canadian food
owned the fewest mutation sites (91—93) by aligning six CC9 isolates against the chromosome of the
ST477. The nucleotide homology of seven inlA gene sequences was 29.8%—100%. [Conclusion] We
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preliminarily analyzed the evolution of ST477 isolate and investigate the mutation type of inlA gene
belonging to CC9. This study provides basic data for analysis of the evolution of ST477 strains and the

virulence of L. monocytogenes.

Keywords: Listeria monocytogenes, ST477 subtype, Internalin gene, Phylogenetic analysis

HRe AR TR (Listeria monocytogenes) & — 2
FEEAEIEE R EORTE , 75 R AR 3P4 ke
e, FEBG AR KT CEEN L ARG E
JL)FN Gy G B AR I R AR B4 A i
E BN a1V S i) R W PUR =X Lt AP oo
P2 i TR 0 2 R A A ), b ARG
F AW R AR B A (HZ 2% WS
LR b P40 s A AR R T O RS A
TR

Z A5 1575 43 B (Mutilocus sequence typing,
MLST)Jr ik —Fh 3T 7 & R ILH (abez, bglA,
cat, dapE, dat, Idh, IhkA)RR: T R 550 E &
PRZ 1) Ay e B 2 S kT B /s O A v 2 S oy ilf
PR3 05 S AN A K A e R P SR R A A
BAAEZES, W 2R EAN T KRR R, B
iR 2 &1 (Single nucleotide polymorphism, SNP)
B 28 M i R A0 B S e Py oA iU B
R DA 1) — S B 28 SR O I RN T 4 TR A AR e I
16 E4ie N B A A EEAE A T RmE A
R IRZ ARG L4, A inlA 44
HHNALER A (InlA)iE L5 R 240 55k 2
ZARMEAEA, VR AR AR AR R
W R, JEH inlA A SR AR & BRI AT
Z |l (Premature stop codon, PMSC), #EimFRAK4H
W ARTE 3 E R iy ge i,

55 4 Vil % (Clonal complex, CC) 9 J&7E [
FATRE B i = K oa e Rz — 11281 (B Hix T
PAIAZITRR T CCY b b 2 1Ak G R S BRI AR A
DA HRIE, BEICE X T 81 B (Sequence type, ST)H
477 WK . AR E AP EE ST
ST477 BUG B BRI R O P X 4, EAT L
A2 27 o3 M RS R L inl A (R385 2061,

5 TE O B A 0T R T A8 Rk S i 4 At B e
Wt
1 RS H 3%
L1 Bk

FAIEARIITRR T NHI 232 F b 5 R AR T
(O S E
1.2 FERFIFLEE

fixi 0o & 4 773 (Brain heart infusion broth,
BHI), [ MIAIUAVIRIHECA R A W] A A
ZH DNA P S Bl &, bt fE g MR
PR/ ], Pacbio RS ILFAY, Pacific Biosciences
YN8
1.3 EFEENFSFRE

Wi TRk NH1 RIZ649280 2 BHI 555355, 37 °C
FiFRid i, FRPRECARAVE 2 BHI ., 37 °C }igf
12-16 h, DNA $&HU#% A RN 4] DNA P $ I
PGS UL R T RS 2B DNA il Pacbio
RS LA HE T A B RIA Ny, 1351 937 153 7%
W R B, FFH HGAP (Hierarchical genome assembly
process) A TPHELRE, g 5E R Y LR 2 7 41 $ 52
£ NCBI GenBank ¥, H#15iZ Ak GenBank
Bk CP021325, Jfifiil PGAP (Prokaryotic
genome annotation pipeline)iF4 73[R M 5 T RE 7
Be. R Glimmer 3.02 {43257 1 FF 1% B2 524 (Open
reading frame, ORF)TM, B4 Tl & (17341 5
JETC AR E A EHE B NR . Swiss-Prot 5 48 /& .
eggNOG (Evolutionary genealogy of genes :
Non-supervised Orthologous Groups) %% #f& 2 ¥ 17
BLASTp (E<le—10) X}, S8 B FF 4N HfgiEFE
1.4 MLST #L o Hr

PasteurMLST 4 ih 28010 ST477 AL
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AW A 2 Bk, 3ok SLCC1798 F
Lm_0080. SLCC1798 F 1964 44y H IEA TE0%
A, Lm_0080 F 1988 4F-/r & H HAH A o Kot
ZEHRETE NHI 5 T 515 8 #k CCO BEREM
BRILNFEH AT MLST 208, f945 2 #k ST477
RIBIH SLCC1798 Fl Lm_0080, 5 #k ST9 RI5IAY
10-5025 (NZ_CP007194), 10-5026 (NZ_CP007195).
10-5027 (NZ_CP007196) . SHLO06 (NZ_APIF00000000) ,
SLCC2479 (NC 018589) )% 1 #k ST122 A5
SLCC2372 (NC_018588). #34i PasteurMLST %4
J# (http://bigsdb.pasteur.fr/listeria/listeria.html), #fj &
7 AME FHH (abcZ, bglA, cat, dapE, dat, Idh,
IhKA)Y SN LS. IHAN 9 BRI 7 S50 R
MRS ST BN, ARAEREAREY 7 A8 R 1)
J¥41), I8 abcZ-bgl A-cat-dapE-dat-Idh-IhkA )i
FPPFHERL 9 50781, FIAEME MEGA 5.0 H11
Neighbor-Joining 74 & 45 K HE KN ) R4 & B W
(1 000 Bootstrap), 77H71 9 BRI ML A .
1.5 SNP &4k

PasteurMLST 48 /4 H 892 19 2 ¥k ST477 AU 5]
WM &EE RN 8], Bk, X HA4 7 ¥k CCY
B R BRI T A ALK B 2257 b L
NH1 RIZH W, @ GATK il SAMtools
W E B H AR SNPs, ] VarScan {47 SNP
B RN BRI, I el DAL R R L X6 B (AR
7 5o RN SE R A1 SNPs P2 — AP 41,
FIF#AE MEGA 5.0 #4846 (1 000 Bootstrap).
1.6 ANHUREEFFILEXS 5347

PasteurMLST %45 /4 H JC 2 #k ST477 7 5| & Ak
() inlA ZERFA, KL, i@id PasteurMLST (¥
PEFRIBCH oA 7 4~ CCY FofE R RS R 41 10 4
WAL R L AT RR)T 4, LA NH1 S H bk,
HEA T REDAI R e . i —20 N3 B AR inlA
SRy 9 RS B 22 P41 i i K PMSC
fry st AR inl A JER R IR S, F]
FE A MEGA 5.0 ##7E{EA (1 000 Bootstrap).

2 SR540
2.1 NH1 EFEBHIEKEFAE
AR HITRETR NH A 4 44 3 002 491 bp,

(G+CO)mol% 5k 37.92%, A7 2 995 wfid
o B H GRS XN T eggNOG £# 2
Foxt, SRR L R R (A 1), 253,
A2 370 NMEARE COG hEHRE, Ll
K 79.13%, 434 F 20 4> COG By H . ixdk
FERR 2 5 4w AR ¢ Hh 2 koK b &4
s TSI LN 294 41>, (5 9.82%; S
ORI R 254 4>, i L 8.48%; & 5 SR
B AR LA 237 4, N E 7.91%. WERA
VM il A 4 35 R B 2 % 3R A IS R R A B R R
Z—, BT ER I BRI A IR TR A I TR AR DG SR IR
AR A A, i EL AT I B 40 R A A0 i N A=
AU ONHT B G 2] 13 A5 R A 5
(LD, 3 A TR sk . —BIIBewm . K% 6E
SRRSO, MK, R, S & T U0,
2.2 MLST 73 #f

Y5 PasteurMLST (¥ Hb X 7 M R EEHA
B PSSR B NHI A9 200k ST477 (abezZ-6,
bglA-5, cat-6, dapE-4, dat-1, Idh-183, |hkA-1),
J&F CCY wilEsE Ak, 12w e 2 PR AR AE 2Bk E
W24, HAEE S s R st oo
FH, B APEN CC TEERMILE ST BN
ST ik F ST477 BB bk /A7 438 . R,
AEFEXTIRATE 52 B 5 1) ST477 BUBI Rk 5
2 MRAES AR ST477 451, DL % 5 #k ST9 #I
JFN 1 #R ST122 RURIEAITRF R 1T MLST 4k
SHT(E 2). BEARATHTEE SRR, 3 FIOR[E STs %Y
AERS A 4 S & o b, 3 Bk ST477 #5
Rk, 1AM SR, 2 NIRRT R —A
5 4Kk ST BUGIGEHE, 4 3 DMEME, 114>
G PRE AR, F Rl —A~5332 5 1 MRRBRIER ST9
FINE IR ST122 T 50 B R 4330 B — S AL TS R
[ == = I N IS O 7 S VA i Rt s - € 2
EEGEMRE KRR
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COG function classification
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1 SIERZHTEEER NH1 AR eggNOG RES

Figure 1 Gene distribution based on eggNOG classification of L. monocytogenes NH1

T: A: RNAJLAMEM; B: RN J1%7; C: Beid A Mg, D. A0M0RIRYE . 4/ 2P R0 B &
REMRFIEANH; F: BHEREZE IS G ok A MRl H: fRgHEE R 1. RS s, 1. BhiE. &
MRS RA GG K ks L &l EAHMBE; M: 050 R M B AE &l N: difiZ3); O: B
Wi, EEBRAR . PR P HLE TR AR Q. UM AEY SR Fs AR R —RINRETIN; S: IRERMI;
T: FSfSHE: U: ANEh . 2 wmmeEiisin; v, Bl w. BANH; Y. dsil; 2. diEsse.

Note: A: Processing and modification; B: Chromatin structure and dynamics; C: Energy production and conversion; D: Cell cycle control,
cell division, chromosome partitioning; E: Amino acid transport and metabolism; F: Nucleotide transport and metabolism; G:
Carbohydrate transport and metabolism; H: Coenzyme transport and metabolism; I: Lipid transport and metabolism; J: Translation,
ribosomal structure and biogenesis; K: Transcription; L: Replication, recombination and repair; M: Cell wall/membrane/envelope
biogensi; N: Cell motility; O: Posttranslational modification, protein turnover, chaperones; P: Inorganic ion transport and metabolism; Q:
Secondary netabolites biosynthesis, transport and catabolism; R: General function prediction only; S: Function unknown; T: Signal
transduction mechanisms; U: Intracellular trafficking, secretion, and vesicular transport; V: Defense mechanisms; W: Extracellular
structures; Y: Nuclear structure; Z: Cytoskeleton.

Chenal-Francisque ZEU'SVBF 2y 00 B 25 0r . RO 50 5150 (W PRk, BAds 2 r ke i ] i 1 52 5

PR R 5352 6 valbE R AR AAAE 23RS AT R O, T
CCY ol Z B AR RICH PG BRI 07 TR 48 i

Angelo 2P 5if PFGE #1 wgMLST % 2014-2015
A 5 ] 2 R 1) 24 B0 A BRI 1140 R D B 4 A 7
155307, a5 R WA 2 K 0 T3 QL AR SR
A AT 4 E T R A A% . R e O R
NG R S W I5E B v 0 1 BG4 U T
1 MLST 437, S5 RWIAEAEVEAEAG 1 FI5% K 11
RN PR, I H, ORI R,

F A TN BRI AR 021,
2.3 SNP ##f

DL NH1 AZZ Rk, XF 5k ST BUBIA 1 #k
ST122 FUGNEE RIS T L ALK SNP 43#7,
LRI 291 M HER AR N A Hrp, 3k A
2RI R 10-5026.10-5025 F1 10-5027 Hiks:
WA SNPs F A (439128 91, 93 Fil 93 1Y),
K B A E G R B AR (551028 SHLO006 FiI
SLCC2372)f) SNPs g 113 ANFI 127 4>, T A %015k
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Strain ST (Allelic profile) Country Source
10-5027 (CP007196) ST9 (6,5,6,4,1,4,1) Canada Food processing
40 | SHLO06 (APIF00000000) ST9 (6,5,6,4,1,4,1) China Human
10-5026 (CP007195) ST9 (6,5,6,4,1,4,1) Canada Food processing
10-5025 (CP007194) ST9 (6,5,6,4,1,4,1) Canada Bacon flake
— SLCC2479 (NC_018589) ST9 (6,5,6,4,1,4,1) N.A. N.A.
—— SLCC2372 (NC_018588) ST122 (6,5,6,4,1, 62, 1) UK Human
NH1 (CP021325) ST477 (6,5, 6,4, 1,183, 1) China Frozen food
46]{ SLCC1798 ST477 (6,5, 6,4, 1,183, 1) Philippines  Human
Lm_0080 ST477 (6,5, 6,4,1, 183, 1) Japan Human

0.000 15 0.000 10 0.000 05 0.000 00

E2 BIBFHFE MLST RESHE

Figure 2 MLST genetic profile of L. monocytogenes isolates

1 #5594 GenBank 545 /330 F BT FRRME R G IS 1 000 WITHEIE BIX 19 S A 40 b AR R AR LIRSS,
Note: Numbers in parentheses are GenBank accession numbers; The bootstrap values (%) presented at the branches were calculated from
1 000 replications; The scale bar represents the evolutionary distance.

JR kR SLCC2479 &A1 £ SNPs (136 1), HH X R, {0 ST477 Wtk 5 3 Mok B mER &M
WJERPIRIEL LA, BEF SNP RS FHE4 Bk SNP 22 58/, SRS X R B . %
MEGA 5.0 F it ghibms, 25500 3. 4 BRP B 4595 Zhang S5P2R00 88 [ LI AY SRS 2= s T 2
A EREERERE N — D03, LR E AT FAZSFEI TR g A8 el Sk AR Er 2 #
E G IR BRI — 3% 5 MLST K4S WS5RAMEXRW 2 #RBEREHRIAEE 11-97 4
BRI, ST477 BIGIEMKS 4 4 STO BIRMRER N SNP 25, HAKIT LK R d— £,
— RZEHE(Group 1), —#k ST9 AL ST122 AUGkE  XUEEEHRHA L [F RS TEARFIREE T b sl
B 5 — K2R (Group 11). ANFE S, hE 3 AJHL, SNP RIZE R 5G|

BARERITBA R SNP frERUEWMRYE  KMISCE R, H5HEFEA—E R 4R

100 10-5026 (CP007195)
100

10-5025 (CP007194)

100 10-5027 (CP007196)
NH1 (CP02132
Group 1 (CPO21325)
SHL06 (APIF00000000)
100 = SLCC2372 (NC_018588)
Group II L SLCC2479 (NC_018589)

0.000 15 0.000 10 0.000 05 0.000 00

B3 ET7HRPIEBFHTESERF A SNPs #HH S

Figure 3 Phylogenetic analysis of 7 L. monocytogenes whole genome SNPs

H: $5'5N GenBank H5%5; 4330l FIECTFFORMERGRIET 1000 RITETE BGZ T s E 43 L AR RS BEAR R SRR 2.
Note: Numbers in parentheses are GenBank accession numbers; The bootstrap values (%) presented at the branches were calculated from
1 000 replications; The scale bar represents the evolutionary distance.
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5 Halbedel 2 %t43 B4 [ F8 R AR 413 BReass
2R ) SNP SE4b A 25 R AR . [F]T, Toledo
2RS40 B R RIS TR DR R B AR EA T SNP 1AL
A3HT S T I R AN I R B RR 4 20 A A
EER,
24 HNUREAFIIEXT S

LI NH1 ASEH Mk, X 6 #k CCO Tkt REME
(1 10 AL L REA TR JE M g, 45 SRR B,
BRILEA inlA S, HAr 9 ANPFERILR inlB, inlC.
inlE. inlF., inlG. inlH., inlJ. inlK X inlP $#J7E4%
TR b BEARST, AHUEE IS 100%. 2K A IR
fR B R SHLO06 Fl SLCC2372 K — ik AR 41 3k 5t 1Y) 1
FE SLCC2479 1Y inlA JERAFAEZES, MULE R
99%. WALZEILH inlA AR E B iz 4l , B
R GEAR S BRI PR PR R AT 2 Ak, 1T AN v
s RS S s E % ] PMSC
AR . HARTE MR inlA 58484 19 Fizk
Y201 ABIFFE R, 51 PR R S 4 A U T R A
b, PMSC ZRASNENAEIE R 1T A dh ML FREE Y
SRR RRER B e T

PEH 7 Bk CCO RUFIE AR 1Y inl A JE[H 7
H, KBEZ K 2 400 bp, (G+C)mol% 5 N 37.4%.
Hrf, ST122 BB FR(SLCC2372)F 2L inlA (5
I5EEE, 3 Mk BINE KRR ST9 BIF MY ST477

=1 REE inlA EREE

Table 1 Pairwise identity among inlA from different strains

FRH L inlA 2248 2RI [ (PMSC type 4), 75
A 2 Bk ST9 RIFE#KE(SHLO06 F1 SLCC2479)H 3 [H
inlA RAZEFIAH A (PMSC type 7) (% 1) Manuel
SERTINE 191 MR FEIACIR (S . £ b A S 6 3R
5 ) BB AS W R T Y inl A JE DR RN ET T 00T, 45
FERH AN [R) ke U5 P ik 4 T 91 R SR BRUAFAE 3 Rl o
(PMSC type 4, PMSC type 7 #il PMSC type 12),
HH 90% K PMSC type 4. ABFFEEEREH, A
2 PMSC type 4 Fil PMSC type 7 FOFE R FE 41 5 5¢
F P AL 4390108 29.8% 1 77.3%; PMSC
type 4 5 PMSC type 7 {7514 AR FEAR LU
52.6%.

HAE 7 Bk CCO o R ARG 1Y inlA BT
i e 5k R AR, Iz & 3 AN, TR
— RAR R AR T RAE— A0 . HA es
inlA JE R 31 Y ST 122 T B Rk Bl Sl — 4~ 43 57 5
4 tk PMSC type 4 BIBHPRI N —A~43 3 (ST477 Fl
ST9); 2 ¥k PMSC type 7 BRI R —A 43
(ST9). ¥l 4 %1, PMSC type 4 F1 PMSC type 7
FH SE 37 8 AR IEAL K, H PMSC type 7 5 A
PARE inl A JE DR AR EA0 OC R B IE i243 HT 45 R 5 SNP
AL 25 R[], Palma Z2¥%) 56 # ST14 A
ST121 WyHIEITRF AT 00, 45 REW] ST14
RUGIGERRAY inl A JER 20 5888 7741, BT AT 1Y) ST121

AR EE

[0S SRR KB it dentity (%)

Strain Source Length (bp) - Subtype V1 ™70.5025 10-5026 105027 SHL006 SLCC2479 SLCC2372
NH1 Frozen food 2402 4 100.0
10-5025 Bacon flake 2402 4 100.0 100.0
10-5026 Food processing 2 402 4 100.0  100.0 100.0
10-5027 Food processing 2 402 4 100.0  100.0 100.0 100.0
SHL006 Human 2402 7 52.6 52.6 52.6 52.6 100.0
SLCC2479 N.A. 2402 7 52.6 52.6 52.6 52.6 100.0 100.0
SLCC2372 Human 2403 / 29.8 29.8 29.8 29.8 77.3 77.3 100.0

e/ inlAJER g2k
Note: /: Fult-length inlA.
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19 NHI (CP021325)
19 _(: 10-5025 (CP007194)
99 10-5026 (CP007195)
10-5027 (CP007196)

83 SHL006 (APIF00000000)

: SLCC2479 (NC_018589)
SLCC2372 (NC_018588)
0.000 15 0.000 10 0.000 05 0.000 00

B4 ETF 7 NRIBTERFER inlA FHIRRKMAR
Figure 4 Maximum likelihood tree of 7 L. monocytogenes
isolates based on inlA sequence

TE: 55NN GenBank #3855 /3 30m BT IRISME R
G 1000 YIHRTE % ST 3 s AR ROCEEAUR AL
FRE.

Note: Numbers in parentheses are GenBank accession numbers;
The bootstrap values (%) presented at the branches were

calculated from 1 000 replications; The scale bar represents the
evolutionary distance.

YRGS . Wu 2510438 1 rp AR
35 PRAFTESSAS Y FAIE 2R IT R TR 1Y) inl A SRk A 7 i
b, 455RFEM, inlA PSR S MLST Ek
SRR, K, HEN inlA SERERIENA
AEARL A 5 R AP AE
3 W54

AW G AE DN 20 2 TR 4R 7R T B 2 R TR
CCY vk RZ AN ST BB C R, R8T
WAL B inlA f31E 280k . MLST #F1b 53t
T, B HPEERE ST477 R R R
W5 2 Hok A EEEER H ARG R A ST477 BI 514
PREARIERG KR, L SNP 4 KRB, 438
A EE R ST477 BIBIES 3 #Mok A gk
1A% ST AU FERER) SNP 22 78R /b, i HA
HEGEEGRFR . R inlA BTERR S/ HT 45
R, A2 %1 PMSC type 4 #1 PMSC type 7 fY
FLIR T 5 5 56 487 50 W AHRUEE 43 510 29.8% Fi
77.3%; PMSC type 4 5 PMSC type 7 HF7 41K
AR FMEARRLUEE S 52.6% . #4673 2 W], PMSC type
4 1 PMSC type 7 ¥ 58 8 p A ki Aok, H
PMSC type 7 5JRUIRTIE inlA ZEH L R B

AT o AT B PR BRI 2 1 7 ) Rt ARt
FPAA—ERE L.
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