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Abstract: Vibrio alginolyticus is a Gram-negative bacillus that causes vibriosis to human and aquatic products, including

fish, shrimp and shellfish. It poses a threat to public health and causes enormous economic losses to the aquaculture industry.

However, research on genetic diversity and pathogenicity-related genetic elements based on whole genome is still lacking.
In this study, sixty-eight strains of V. alginolyticus were collected from four provinces of China and the whole genome
sequences were obtained. Combined with 113 publicly available genome sequences downloaded from NCBI, we inferred
the population structure of V. alginolyticus by using fineSTRUCTURE software, and identified the virulence and antibiotic
resistance factors using the VFDB, CARD and ResFinder database. The results indicated that V. alginolyticus included two
main lineages, named Lineage 1 and Lineage 2. Both lineages distributed in America and Asia, but all the European
genomes were classified into Lineage 1. A single cross-ocean transmission event was inferred from one of the 12
identified clonal groups in our dataset. V. alginolyticus genome contains a variety of virulence factors, such as tlh, OmpU,
and lIpA, etc. The distribution of virulence factors revealed no lineage-specificity, but some of which revealed differences in
their geographical distribution. A lower frequency of VP1611, vcrD, vopD, fleR/flrC and a higher frequency of IIpA were
observed in genomes of Europe than other continents. In China, a lower frequency of fleR/flrC, and no IIpA were observed

in genomes from Guangxi province. Among the identified antibiotic resistance genes, TxR and fos are significantly enriched

in Lineage 2. In addition, TxR is more common in genomes from Asia, compared with the American and European genomes.

But in China, the frequency of TxR in Sichuan genomes is much lower than in other provinces. We also found that large
fragments of plasmids or ICEs that carried multiple drug resistance genes were present in five V. alginolyticus genomes
(VA24, VA28, 2014V-1011, ZJ-T and Vb1833). Based on population genomics analysis, our study delineated the population
structure, distribution of virulence and antibiotic resistance related factors of V. alginolyticus, which lays a foundation for
future study of genetic characters and pathogenesis mechanism of this pathogen and will improve the works on monitoring,

prevention and control of this pathogen.

Keywords: Vibrio alginolyticus; whole genome sequencing; population structure; virulence factor; antimicrobial
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VOB o U, IR AR 2 Y L ML I 2
1 DNA (random amplified polymorphic DNA,
RAPD) . M7 #F i3 A [ # &2 —%UF %] PCR (entero-
bacterial repetitive intergenic consensus PCR, ERIC-
PCR). {EABRHI¥EA7 5 PCR (infrequent restriction

site. PCR, IRS-PCR)F1Jik 37 5E i By ik (pulsed field
gel electrophoresis, PFGE)&&17121 | 53 675 o 7 1) P 1
WFESE T R HE T —EVER, BARAERE . 3K
RA RS, BB SR PERRAL, TS
RATEE , T H XS 250 55 A 2K B o PFGE B #A
AR B R R A A s YRR 43 R T
BRI A, L R P R S B A T 2
ST A5 BN R B o B EE R, AF TR gn g R AE
AN TR) S 50 2 [R] 1Y 38 Pk o H I 1 T 22007 6 W] AR B e R
I & 42 751 43 By (multilocus  variable-number tandem
repeat analysis, MLVA)F1Z v s F¥ 51 4374 (multilocus
sequence typing, MLST)% £ #5433 54 7 vk L
T BN B T, e T4 i DR 20 2 1 1Y) 35t
e Z2 R I 58 FRIRE 46 40 25 8 (B S 4B e . o5
— 7T, YR T T A 25 T R 24 A0 G BRI
MBI, SR 60 At BIK B ) ol %) 53 7 T 24 5
RIRR S5 14, il 3T PCR 5 A6 43 B R A 30 AH
I R AR . WFE RN B 5T | — LR
WK S AR DLEE S R, R 2 A IR
BT R BN Az, (R BE aE B R 40 TR AR A A AT
it 2 L P 15720 AR, 37 I T 4 5 DX 4 )2 1 2 7
IR 245 40 G 35t £ R 53 A B A BTN BE TR A

4= FL R 4 5 (whole genome sequencing, WGS)
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AT AR g A S AR, A
fineSTRUCTURE 7340 5 1 ¥ i 9N BRI 110 P BoE 4%
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1.1 BEERERIR
AT LU 181 BRIV BEINEE 1 2 3L R 4l P51,

f33E 68 HRAHIF T 5 Hl 113 #RA LI A 751,
BN Y P R AR T R A A A (L AR . WidE .
JUL T PR i L HEZK L KT 45 AN [R] PR
SRAEIS ] 254 2014 4F  AFEFES T 8T NCBI 4
J£ (National Center for Biotechnology Information
Search database, https://www.nchi.nIm.nih.gov/), £J
FE#RIEF 2020 45 10 A 15 H 19 i 4126 45 52 F1 SRA
di (46+67), XLERMRR B SEU . WAL, >
A R 1969-2020 4F[A]

1.2 £ERANF

4 2 41 DNA 42 Bt 77 & (QIAGEN
UltraClean® Microbial DNA lIsolation kit), Z:Ii{7]
B UL P HRECA L N4 DNA, 2K I i 6 ks i 2%
WA (R FED, TR T 40 TR 4 FE PR 4
W4 4 1llumina NovaSeq 6000, % 3¢ % K/
4 350 bp, M} reads S Wi 150 bp, X0 17
134X (94~188X).

1.3 RERAZE

i FH AR/ Trimmomatic v0.381 72K 45 5 Hr %
Jo R RO R AT R, SRR TR shovill (https://
github.com/tseemann/shovill) X} i 3 J5 i reads #E4T
M, HBEFHENAREFIC 1£% NCBI,
BioProject %5 PRINA714277.,

1.4 Z5 34800 Fn B FH

BAZAT IR 22 254k (single nucleotide polymorphism,
SNP){i; 5 H % 52 2 R IRATT B & R i k8, Dl
IR FA2(GCA_011801435.1) 3k X 4H 5¢ i 18l = %
FE3, f F MUMmMer 80740906 181 ki i oI i 3
PRLZH 5 30 430 e B 5 28 TR R AL, RIS AZ O B
DA 2L (T 5 TR Ak P 20 R 2 380 0 IO A bR 7S ) SNIP 4 e
RAIE SNP %8 25 R iy T FEPE A FE & ORIy
JEAEARAY SNP KR AJG 2245017, R Prokka %K
124 OV A T bk 6 DX 2L 9 b A S B, 1
Roary ) iy 8 K R A e

15 BREXEHH

ffi H TreeBest %14 (http://treesoft.sourceforge.
net/treebest.shtml) X+ SNP %it4f £ #4 2 45 42 (Neighbour-
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Joining, NJ)#, bootstrap {E %A 100, i H7EZk T B
iTOLP2 £ i WAk 7R
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iy AFPRELE A A3 BT B0 fineSTRUCTURER®, 4% 5 8k
INSHL, A AR ) AL R (coancestry), 155 340
RIERE, PR SR 0T R BE5E4ER 2 (Markov Chain
Monte Carlo, MCMC)5. i SEi i FE 1) 2 i, i
T A BT o 25 4
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(Virulence Factor Database)™* ¥z 122 4% .0 5 (setA, Y
A1 B 2 I IR i 1Y BE ) BN HEAT XS, S A
SO BRI I T 5 R RGI vB.LIBY A
ResFinder®S il 4% 443 51 3£ F CARD (Comprehen-
sive Antibiotic Resistance Database, https://card.
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Fig. 1 Relationship between number of genes and
number of genomes in V. alginolyticus

R g A A3 A B i DR 2H 50, N D B T A R T B B

SECS O RO

B AR, AP R R R o 5 TS
A% U P2 U T AR, DR A W el 1 e s 5
PTETZ B, B 8 9By 1) 32 DR 2R IR T 1Y
] DA o 7K P2 PR A 2 T SN AR AR T B 2R 1A

2.2 BREMNEMEED

I A N, 181 Bk A RN B AL %
335,733 1~ SNP, MR¥GLE HN A SNP, FRATH #7748
MIHREN R K BEW(E 2A), 255 B iE sl
2R GE% B W R R R PSS g L, S
“RERDIRT Z5R(E 2A), LT BRI E S
ORI BG5S AT AL, 2R T = I LN
i fineSTRUCTURE 4K {4 %5 35 I B1 9 i A 225 44
B — 2D MR, B R TR 23 O S 2 R
(Lineage): #E&R 1 f12 (K 2B), MEHAI A, 7F
XL LRy E R R R B REE S, T
RATE &R AR SR h PR 2, ATt ot — 4 2%
B s B RE TR AR AR BR S B {5 5 T . ARG i T3
PRECE AR XD, HoitE— 2 R BR s A5 5 5 159 21
SERAD S R FFER AN E R, SRR IR AR
G SR N

IRTEE R GER 1) RoR : 5 &R 1 b pgSEd A E i
PR A, TSR 2 TP ERERE S R R
1 WHRSER 2 WA s )1z, Bk I
M 17 BRIEAUE IS R 1, #RIER 1 E2RIY
A=



354 i ff  Hereditas (Beijing) 2021 %43 %

A
Tree scale: 0.01 +——
R R REERE
— iRl WHE WFE
— % R2 XM NS
® ipERr MEGH 0 AE
WA E
W OREE
B
WgR2 92
ﬁﬁl [ TR
= .
gl

2 BRENERELZEMEMBELENY

Fig. 2 Phylogenic tree and population structure of V. alginolyticus
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TR Z R R AR TS R B, BOLARMBERA AL .
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Table 1 Statistics of isolation locations of strains in different lineages

rprIE e S P At 5% D HoAt JER ¢
WA 1 48"(35%") 58"(42%") 6"(4%") 17°(12%") 8"(6%") 137
R 2 287(64%") 107(23%") 3°(7%") 0" 3" (7% 44

R F P AN R SRR b 0 T bR i, A DL R TR T3S R Y/ Lo

SHERATC KRBT L, DL SNP B/
T 10 S AUEE T IR R A 12 e
(CGs, [ 2A), b K 34 bR o UAEH AP —AFofE
FEP (8 2A TPEEZME), KR A AR E KA E
FHOCTE IR 23 51K F 9 [ A H A (O3 B AR TE) , X PR
PRIAHE I 4 1) SNP jstfL 25 0, R HRINE1E
AW E R Z B A T B BRERDR
AN PRR B 0 A RERIR $ROR 5 [ AL R
ARE TR I PR 5 5 B o AR P
SICBR] 25 1 1 B A 0 72 X AT RS R (9 Bl i 8L 5 A
HMEA 5L

23 BHEAFHEERS T

181 NI IA 2H P Mo 9 26 37 A RE I (3%
2), H g (flagella) 5 — #4531 R 4t (T3SS) AH G K
Nk, 43560 14 A~F1 16 4, S8 HFEEm
81%. HETEAE ~— PR K ¥ (adhesin factor), w4}

®2 BFENESHEFREXINEE

I EINATETS ER ARSI ; T3SS &7 HB /R
A ICH R (Yersinia spp.) & #AY B8 1 gl )&
(Vibrio spp.)H e & B T3SS Ji 7E Bl 7% 1L 9K B (1L 7
%1 03:K6, strain RIMD2210633) 4 4 YL ek |, £
EWIEE T3SS RYE, 4 hln4 o T3SS1 Al T35S20,
Hivp T3SS1 76 A mll i i 9N B 56 R 4l hfR A7 e, &
FIBE TS AN W L 40 Ak R g i A 04
BEAh, FRATIE & BT A 75 35 9 B (1009%) A #5717 14
I 2RI tihotih J2& 5 2 BRI 1fil 2 5% (TDH (HIyA |
TLH. 3-VPH. HLX)M2rffy—fl, Sz 2 I 3 fft 5t
e BT 7T BREMR . KIEZ Rk
T2 080 I T Bk HE AT IR A1 (I OmpU, 31X
SR BN EEALEN, W —FEENE
T, AW E SRS OmpU 7E ¥ 3 I 192k AL
M B T AR, R v R N R R
HHF & HOARES), AT 43 BI1E 87% . 26%F1 9%
Ve BB rh ke A 2 R B o TSR VP61,

Table 2 Virulence factors and related functional annotation of V. alginolyticus

ARG EE 7 B A HEHWFHS FEIEFAK 2SI F I RE

flgD(100%) flgC(100%) flgB(100%) fliM(100%) VF0519 Flagella Adhesin factor

fliG(100%) cheR(99%) cheW(99%) cheY (99%)

flgF(99%) cheV(94%) fIgE(84%) flgG(49%)

fleR/flrC(45%) flhA(1%)

vcrH(100%) vopB(99%) vscl(99%) exsD(99%) VF0408 T3SS1 Rapid apoptosis,

exsA(99%) vopQ(99%) vxsC(98%) vscD(98%) Cell rounding,

tyeA(97%) vscO(97%) vscU(90%) verD(86%) Osmotic lysis

vscQ(82%) vopD(76%) vscN(2%) vscC(1%)

tIh(100%) TX170 Thermolabile_hemolysin ~ Apoptosis, Membrane vesiculation,
Necrosis

OmpU(98%) VF0514 OmpU Porin, Iron balance, Vaccine candidate

VP1611(87%) VF0512 MAM7 Multivalent adhesion molecule MAM7

11pA(26%) VF0513 lIpA Immunogenic lipoprotein A

htpB(9%) VF0159 Hsp60 Heat shock protein HtpB

ugd(1%) VF0560 Capsule UDP-glucose 6-dehydrogenase

hcp-2(1%) SS181 VAS T6SS substrate Hep-2

55 T 23 LA A R 41 P 355 B 75 ) 2 DI A TR R A9 FT 40 L o



356

AR Hereditas (Beijing) 2021

o5 43 4

FERE NG LA NpA | BV 58 2 (1 3L X htpB.
AR R IBIENL L ugd F1 T6SS W HL
hcp-2.

FEYE I 37 AT, Hoh 23 AMTER
T 90%M Btk 5, 8 N7 10%~90% 1Y TR A% H 485
e, Hidy 6 MUTEDE(<10%) E k0 . Seitix
8 MM R AME IHFEAFRE RS . A
) [ A XA rp R[S 3 1 A A S L (R 3),
SEFHNIHETFERGEEER LRam(E 3), KA
R L SOER 2 MBS T BRN AR
VP1611. verD . vopD Al fleR/fIrC f4 s 241k T HiAth
FEZ X, TM3EE NpA B R E ;bR E Sk
49 ST P At b DX P TR R ARG 1IpA SR e A,
FE PR E R fleR/AIrC LR 47 RAL T HAb A
By, ELYRHET NpA FEH o PRIARHF I b 04 TR AR B
TN, AR B AL K B M350 A7 5 R AT T ke
WY KRR ATRE

2.4 THEEBTNES G

RGI F1 ResFinder #1455 2| 32 M 258, £
[FR LT . RBRITAYE LB R 31 AN 253614, 4351
I PIEBONE XS B ONBERCREE | MevRldE . IR
A Z T WAL R BT 52 (3% 4). FATARIILTFr
A TR PR (>95%) 35 i #5717 A TR 245 35 AT . -5 B N

JHz B2 it A7 £ blaCARB-42 , 415 PU BR & i 57 ) tet(34)

1 tet(35), A FHEHEENSSNT A2 parE, DL R
ZHHY LN CRP. rsmA,

BeAk, AT R BA T PR E T 3Z (3 TR 7F
PSR T R A B 35 22 5 (K 3), 1 & 2 Al
LR TR ARG 7 R 3 R A L 00 51 100% 1 12%
TXR J&— P S B, SPUM R ZAHC, i
H 5B — A TUR T 25 3 4 tet(35)1 245 T g (1 1E % &
i, KT xR, BATTATE 9 BRIFSEINE P Ik &k
BT — R RE R i 52 A OGS A fos, AR 2L
H1 8 PRI (88.9%))8 Tk & 2. IAh, &Git kM,
TXR 5 PRI 7E Hh [ 60T Y H At 3 XA Tk v 0 48 32
(535K A5%F 44%) =i T 3 UH N BRI T ok 174 485 77 46
(5310 24%F01 6%) ; 113 DU BB iz IR A 48
WA (LA%) IR T HALA (775 : 60%, LZAR: 49%, i
db: 47%). SEIIEFEFRIL, KOG 25
() 23 A W 5 T 2 I LA R SR W . 3 ORI
FREAS it )5 i — 28 Bk

Bl 3, BLAE 1 RRMZE K 2014V-1011
(SAMN12648291) HL /¥y /D4 25 FL A, I 4 A~
(APH(3)-la, sull, gacEdeltal, dfrA15)f T-i% &tk
— AN R A 44 1 TORL(CP046773.1) |, HELRAE 2 il 6
Hh ) L PR A3 i AR Y TR bR VA28 B VA4 E D
B 25 56, USRS T 2~3 M RE L
(contig), DAL F B4 B Tk A HAE SE R 4 1
BB A AEAR, {HH A sull 5 qacEdeltal #4>
FEJE T 2% 4 T(class 1 integron)3’ s~y X s
(conserved segments, 3°CS) [ Fi 4™ [l A kR 14647) - 55
HMBLRHE 1 i Bk B B A X PN, R
TRATHEDRT B ZRHE 2 1 6 Hp /D B30 25 569 mT BE A T

*3 WMOSHNEFERRER. FEERMBX AR P ERE S H5IT
Table 3 Statistics of partial virulence factors in different lineages, countries or regions and sampling locations in
China
VP1611 (%) verD (%) flgE (%) vscQ (%) vopD (%) flgG (%) fleR/fIrC (%)  lIpA (%)
WA 1 85 82 89 77 77 45 45 29
HEZ 2 93 95 68 98 73 61 43 16
i 92 89 87 89 78 53 53 20
el 93 91 88 79 81 47 44 29
S Y Al [ 5% 89 89 56 78 89 44 44 0
el 47 41 88 88 35 65 18 65
7R 90 90 77 95 74 56 62 21
Wk 100 100 94 76 82 47 41 24
| 71 86 100 86 100 43 86 14
i} 100 80 100 100 60 40 20 0
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Fig. 3 Heatmap of virulence and antibiotic resistance factors in V. alginolyticus
FOREHTEIHT, EORKETWGH T, KORIRK, BLERER 5 WRE PRI EER, 0O LIRS H

R FR 2 T AT I P 25 55 TXR Al fos

T8 33 KO FE R 44 8% (horizontal gene transfer, HGT)fij
PAGH T KRG F R BesUiokhi B b, X 25
3 a5 PR A 5 B P L AT AT G . IRERAE 3
g EE A TRk ZJ-T(SAMNO05271497) e (o ik 1
LRAHSROL E, RN R R B, FRATHE G
— BT YRR BLAST Xt Ja &30, % R Br S i
I A oo (integrative conjugative elements,
ICEs) ICEVal056-1 (accession number: KR231688.1),
coverage Al identity {54354 70%7#1 99.98%, M
Z R AT BRI A AR RS RS T — AT 2 Rl 24
AR B, BAHE 4 F1 5 Py REA T Itk
Vb1833 (SAMN15829766) 4 ik 1 AW~ K A EX,

FAT1 53 BT X P 7 BEfE 4 BLAST J5 kK3, b
X R Z N ICE F BescH Bk i B, X 4w
¥k Vb1833 (SAMN15829766) 7 kit FE i, itk
AR 1 7 RAT T #5 A Z R 25 55 i K B
AR GEAE T BN ke BT HE T 2 R 2 5L Y K
FBE, WA JE eI TR T BOB BRI B 15 it
TEZEEL.

3 Wig

AR BL, R IR BRSSO R
MR IR OC AR S B B T, IR



358

AR Hereditas (Beijing) 2021

o5 43 4

x4 FENEFMAEERSHEXTEZNA G

Table 4 Antimicrobial resistance genes and related antibiotics, resistance mechanisms of V. alginolyticus

[GEEE

(GBI

[GEEIN

blaCARB-42(99%) blaVEB-1(1%)

E.coli_parE(100%) QnrVC1(6%) QnrA1(1%) QnrS5(1%)
QnrvC5(1%)

tet(35)(100%) tet(34)(98%) TXR(34%) tet(59)(1%)

ANT(2")-1a(2%) APH(3")-1b(2%) APH(6)-1d(2%)
ANT(3")-11a(1%) APH(3")-1a(1%)

fos(5%)
sull1(2%) sul2(2%)
cmlA5(1%) floR(1%) catA3(1%)

Ere(A)(1%) mph(A)(1%)
arr-2(1%)

dfrA15(1%) dfrA31(1%)
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