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1 MRS TE

1.1 E#KIRE

B LA 3 OB I 1 W K T
LA 51, DL 118 Bk NCBI U 4 A A 1Y 5k
PALFF S o T AR T 505 B« PR 104,117
S AL IR A R T, fE £ O ) (Carassius
auratus) ; T FR AOS8 4> 85 A M et BT, 1 &
H 5 i (Channa argus) o 7~ 3758 505 B
NCBI 04 e rh HAT T 32 0 B A5 B A% 56 [
HIFH .
1.2 Zs Bl E

YRR B4 B R 2 0 77 (30 “CHEFR 24 h) , 2 1R
CER o3 TR AR O 0 B 45 AT 454 IO id %
PBR 1 fe /N B MR B (Minimum  Inhibitory
Concentration, MIC) , BU 3 ZH 5256 F47 . SLIm4h R
i 5% I PR RN 5K 55 % A 1 P 45 (Clinical and
Laboratory Standards Institute, CLSI)#fE %7 9 43 7
FUE AW RSURE A B 2. 2 RON R
RSP AT
1.3 EHMEFRSERAHE

PRI TR K, Al RS, i BR QR B R 4
DNA fift 42 30500 &0 ) vl W] 45 $2 JOHE 81 24 DNA L #%
G0 J5T 2 M B AR 8 S Y A W (AR T AR
) AT A P A
1.4 EEANFRARE

P DNA B 5 5 F Tllumina Hiseq 5~
£, SCIE R Bl 350 bp 247, 47 BUK 35 PE150
T, SF- 34500 TR i S 212

{#i F Trimmomatic v0.36 %X 1433 U& B v % ot
7 A1 (Q<20) 0 K AL T 50 bp Fl 4
G s AN F I . RS SPAdes
V3.A3.0 FEATIF AN LHAE . TR Pk 104 1117 L A058
e 45 B B 4% GenBank B0 ¥ /% , & 56 5 4
#1 & JANADH000000000, JANADIO00000000 .,
JANADJ000000000,
1.5 EETNFITEEER

A 5T e F Prokka B4 1 47 3 PR 4 1) 3
T FN T RE R
1.6 EFRASERILEDH

R T T AR AT S PR A S SR R K
P, {7 FastANI v1.32 4347 T A5 ik D5 4 9 19 22 ]
) ANI( Average nucleotide identity )"'*',

5 OrthoFinder 2x {4 , T Ly /R ] R R ARH
% (Markov Cluster Algorithm , MCL) #47 RIS I 45
T 35 R 2 9 P ) e i B A 5 TR I
TN BT F SRR R B DN SE A 2
LTI D 4 ANT R T 98% 1) 2 7% Ak X 20
1T BT HT SR IG BEF ANT KT 98% i ik R 41 i
Fr 2904 I A R A 73 Bz 2L H 2 (Pan
genome ) FIA% 0> FE K 2 (Core genome ) Y K /)Nt 4
FEARP-R9 221
L7 RERESH

fd FH PhyloPhlAn3.0 R EE I R AR F
Bl RAXML v8.2.12 4 2 5 KL AR
bootstrap H & 100 &K' . 4 K R A OME B
(Aeromonas veronii ) W) B[R 2H ¥ FHVE AN S HE . #4
Ay HE Rl i TOL BEA T AT AAE e
1.8 TZHEFHH

fo FH BLASTp #5223k AT 20 T 114) 25 1
J¥5 X £ CARD"(The Comprehensive Antibiotic
Resistance Database, https://card.memaster.ca/) 54}
JE AR identity K TF 0.4 LS coverage KT 0.9 11
RROES

2 HERE50H

2.1 Zgudng

5 R P 25 ) %5 3 Bk F DN TR R ) MIC WL 3R
1o 455 WK 3 Bk TR 359 X i Jie () 4 % B Tt
2 5 I AE oAt 4 Fh 32 3025 9 b | TR RE 104 X6 46 iR
Z VIR R 2y, TRk 117 XF 50 R B B X 1 24, T
PR A0S8 X B D B RR e B 2. X 4R 32
T 25 W % 3 8K T RR BB AR R R
66.7% .

R1 IREKSBRENMICUELSR
Tab.1 MIC test results of 3 strains of A. hydrophila

mg/L

250 104 117  AO058
Drug
BETD
S 0125 05 4
Enrofloxacin

TalA g
TRBARTE R 05 8 1
Neomycin sulfate
WA H
Florfenicol 05 4 8
Ba N7 8
ENITEA TS 16 4 5

Doxycycline hydrochloride

T ] P 4o i

Sulfamethoxypyrimidine 12 1024 1024
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2.2 BNEHRERERAEREST
3MRERE GC% A T 61.41%~61.49% 2 |i] , 5
B P rp 2 L P 4 GC% A —3h, 3 Bk

i DR 21 AN R i 8 3 DR B A 22 3 R (TR R )
4 T 245 366 DR i FE R GT , B RR 104,117 . A0S8
AR T 67 .62 .68 M 2GR, WK 2,

F2 104,117, A058 EEHHER
Tab. 2 Profile of genome of strain 104,117,A058

104 61.42 4 836 4997 127 54 548 1378 6262
117 61.41 4355 4725678 458 152 77 175 450
A058 61.49 4524 4849 717 808 401 38 459 219

2.3 BEESANERILRSHT

28 ANLITHEE B0l A H S 42 1) 115 BRIE K =
PR TR LR 2, B DU B R 104,117 AT A0S8
AR A 2 R 2643 51 GCA_000708065.1 .GCA_
001057275.1 Fl GCA_020639395.1 , %} Ji7 i) ANT 43
K 98.7% .97.3% F198.0% .,

FE R BB A AT 8 s T R KA B i A 3
ALy Z M (B 1) o LB DU B #R 104 R 1], %8
i 2 TP R L D 4 ANT K T 98% AT 3 7k, iX 4
AR 4 027 AR RAEINIE %, 18
PR 104 il A7 740 4~ 2 A, 1 GCA_000708065.1 .
GCA_019348635.1 F1 GCA_016805345.1 1143 51 1t
171,165 174 3EH . BLok, b G IR 2 H H oy
AEPEEF A (] 1a) .

XA YR 12 R HT s (B 1b) g
TR TR 7 5 R A 346 5 K 24 4 200 ~ 4 300
AEEH L BAATEIR I, X ANT KT 98% (1) 27 4~
R TCARFE AL AT 53 B 2 B, I 36 i E % B g 34
Tz 3 PR 2H (R ir A 26 DR 4 ok 1 35 PR R 80 AN
Wrdshn 82 T 7 600 4R, HIF A IS, i
1200 35 PR 4, (T 36 DR L R =2 g R PR ) D 5% 7 0
D B R KR Y 3 400 M EE R
2.4 RBEREHW

AHI 5T HE T R I AR R A T KRR T
MR LB, B T —SRIT 5 n 1 i ok, 4k
ZRATEN T RERET07(K2) ., ERART
B, A 3 AL A AR R B, S5
PE AR 104 F1 A0S Fe AH ALY 5E KT 20 5 ANT 1) 53 Bt
G 3 "Reh TRIEAN, 5tk 117 &k
21l GCA_003014775.1, H 5 B bk 117 i ANT
F97.0% . 4rHrix EeILF A 118 3, v LLE BIBR
THAER g — e LI R e R B RS, LA
o0 1E FE DL B A L2 15 F B KR
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BN R A R B B A . R HOEA
[7] 24 T80 ) I 7K B MO TR B8 T L R SR A P B
EEJL]JO

GCA_019348635. 1

(a) HFRI04MBIT LR (ANI>98%) HIHRMT
Result of comparative analysis of strain 104
and its closest genome (ANTI>>98%)

8 000
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-
o
|
[
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(3]
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kS
o 5 000
[
]
| Core genome
4 000l E4  Pan genome
U A e o = 8 0 BRI
0 10 20 30

Number of genomes

(b) WEKS BN Kz EE R AT

Result of pan—genome analysis
of A. hydrophila

1 BilfgkSERESHERE
SEERANLLR S

Fig.1 Comparative analysis of self-sequenced A.
hydrophila and database reference genomes

IR 7K M B A b s bt S A0 A
[Fi] — ity X3 A 25 AN [7] 3 % 6 2 0 TR fk , T % 1
PR AL T A (] (14 ) 5 R b DX A 2] (1] 2) |, B
MRHEER IR TR 3 1R 4,
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315835.1
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SEhG
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B sFE cChina B Brazil

A

A 01606 ¥

GCA 016067815.1

GCA 000633175.1

GCA 000635955.1
A 000783255 |

GCA 019348635,

V29

B ei734 Reptile [ A% Human [l W#34 Mamnalia

[ %@ vsa  [] 338X Others

TRARIE 5. 37575 5 SRR (bootstrap value) B 0. 7 B9 5, IR (0 204 27 i 32, SMEIR (3 45 R T BR ML BE AT 5

The gray dots represent the nodes whose bootstrap value exceeds 0.7, the inner colored bands represent the hosts, and the outer colored bands

indicate the geographic locations of the strains.

2 BlREKSEBEEESHEFESEERANT LR

Fig. 2 In the evolutionary tree of self-sequenced A. hydrophila and database reference genome

R3I EHRSBHRGT

Tab. 3 Statistics of isolation locations of strains

R4 FEHREHEERRRIT

Tab. 4 Statistics of strains in different host sources

I eS| (Y] W HfbEZR Bit m AM g WFELE e TRIR EAT
China  America  Brazil Asia Others Total Fish ~ Human Environment Mammals  Reptiles  Total
35 29 29 17 11 121 66 29 21 3 2 121

TE < S AR v [ LA A ST 9 ] R X5 At P AR B T
AT 38 7 61 SR X HE Al R 2R

Notes: Asia stands for Asian countries and regions other than
Chinaj Others stands for other countries in addition to the countries
and regions mentioned above.

T IHFLACRBR AU M L2

Notes: Mammals represent mammals other than humans.

2.5 WHEBRSH
TE Vg 7K PR A TR P ARG B T 21 A 24
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PR, b 7 g T A TR R R (AR B 5 B 25
S PE 2 A SR RE S M T T 2 T A
K FAHRLE VARG RN 25 EER) , IAh %
IR RE 2R N 25 L R A AR Z TR R o B . 763
PR B B AR BRI A 25 5L A, TR B 104
HIR RTINS T BT IR AR A R TR IR RS 245
(TR 25 55 ], BRPR A0S FhA il 2] 1 B R AR & 3=
P ST 22 25 5 8 . 5 TR 104 2%
LI} GCA_000708065. 1, Herr AR As i 1)

?

Tree scale:0.1 ——

T Host

[ 5% Bnvironment
[ 3% Fish

. AZ% Human

B 3.2 Memnalia
. 847K Reptile

W Geography
[ SE# Asia
. B Brazil
. F1E China
[ =E usa
Al Others

HIF ME ST 117 F1 A058 2 it 1Y GCA_
003014775.1 .GCA_020639395.1 H K 3 1 Hitke
IRTREE RN ZG L . DATERE o> B R IESE T, 48
i 24 R PR AR B 22 I LA SRR A 7 4 R A
FA TR TR, T AR A s BRI VR = AR v e o [ S
B, SR LE,BR T ABULASE R RGN 2 i 24
FE AP £ (N . GCA_001982465.1, GCA_
002850695.3, GCA_902388065.1) 41, Hi4x iy KK
AN 2 R R

ABCDETFGHTITJKLMNOPAG QRSTTU

| T |

T
1
T
I I

I I
1 |
T Il
I 1

TP RE A-U SRR 51D B S R AR B AR R T I T b AR L DUBR B SRR R R R ORFR A LA
Jlig AT B N IBEINE | S 3 IF RE N R 2 YR BEPIVE A 3R AR IS e IR TR XU 3 N E R F R s OB RS

A Xk L T 24 R 20 = A TEE A 1) 94 A T O ) T

The drugs indicated by letters A=U in the figure are: carbapenem, cephalosporin, diaminopyrimidine, fluoroquinolone, penam, phenicol,

tetracycline, elfamycin, aminoglycoside, macrolide, sulfonamide, monobactam, cephamycin, disinfecting_agents_and_intercalating_dyes,

streptogramin,, lincosamide, oxazolidinone, peptide, pleuromutilin, acridine_dye, pene; The yellow rectangle indicates that the strain contains

resistance genes. The red triangle points to the newly sequenced strains.

3 BASEMEMAEENS
Fig. 3 Thedistribution of drug resistance genes of A. hydrophila
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3 it

I 7K A PAUR BA VA B LI A ERBA PR B,
Tk R REOK Y KR IET . AR BN
MO RKSREEMiA A EEE L., H
Hr, R ECHEER K A R A S KIEIE 12
FpUoT, KA R B G X 5 2Bt AR 2 AT 25 P
O KA NI W K A M B AT
PUER R i, FF2i5 T 4 U5 R YRR
PR T 2 . ARWFIEAE S RPiE R AR
PP A S 56 2590, I 405 5 L PR I SR 448 9% B Ak 1)
it 250 , 45 5 WoR , BT R R SRR T P Y B
RPN 2 A 255604, I LR PR 104
A58 I T XF b7 (TR 25 e A8 5 TR ixX PR 245 ok %
BRI 245 M i B, 1T RE - LR DR ) ik it el sz
B 3 DR 24 3 PR R g A Y I AE GCAL
001982465.1 H, [A % & 1 #5717 iy S L [ A8
5 T Ao XoF Sk 7 15 5 R T B 9 A ) i 2419 B &
A BN BB 117 A SR TN 2
PR A058 X F5 2R & 5 T 245 LA S 3 R 71 T fi e 24 i
2y, BRI R B 2 FE PR e R AR T 24
A PG OCAEEE E TE R hd A B, TR AR
GCA_003999465.1 X bi] & 85 3 2185 3 AR 0] 8
KA 24, {H I AR 21 AH I A9 T 25 L R i
K] e 2 FR T CARD B R 22 TS
FHZ9 ()Tt 24 36 PR T 7K 7™ FH 245 900 14 T 245 35 PR
SRANGE A B IR B TR T FH ) SR R A
ik,

Bl 5 JE DR 4 48 7R T I8 K/ B R i TR 4 3%
S ) AT AR PE | 28 ANTIH3 S & B, B Ak [ B0 ol 48
RS AR, A RNt & R &
o GHATAK"™LL ANI KT 95% b 43 B bR, 1L
LRIz E LR 9 1814, Hp 0 A KR
35001 ASHFGE B, AUAE ANL K T 98% (13T
SRR R A0 R R T LA 3] 3 400 4, B K
N B S RN SR S ) NG UE S S
,BIFELE AR R Z R R

FRIBEAR I R 615 D 2, JURAAAE
AR, BERS A AR 25 S T e > TER
Gk E O, AR AR BURESE R Tz (ERg K
MR IE AR AL B LA BT RS & | T2 5
R AR A0 A B B A Y S, X SR B B R (]
AT R S R A

AHIEFE A 3 W B HE S5 3 5 TR PR 1] FRUEK
IR AE F ORI O™ A R AR, {H T 24 5 PR 7
DARR B o3 A TS B A — 35, AT B2 T axX 3 X T
RRAKE 73 55 (1% B R] A8 0 o X #5145 2o T 24 3k
M) B Bk (W GCA_004684305.1, GCA_
001687125.1, GCA_003491245.1) 7F H: 3 [ 4H
TERER T JBORE A A W) T, I st A% oo ml LR A1
Ui 25 R R A E R R L R A . PR, AR T
8l /N HARXTRRUE () f0 5 1s R 3R5E , 28 4k
SRR ZU A= B8 ORISR ) i 43 25 A TR bk, B
A A Be R Z AR AN IR 25 3L . COELHO
A8 14 Fh T E B Y 13 174 472 FE R 20 8
PTG, S5 R S 25 B AR [ A B v
AT, HAE R[] A 35 R e 9 43 A AT AR
NP . ST 24 e DR R PR TR Y 40 A R AR RS
IR 15 B )12 o0 A, LA R e S R A Y
fe BE AT AR A DA RRATS L2 7 B 24 25 DR 5 i e 2R
PP BG4 I DA 8 A7 O T AT 0 Z Y PR
e, A B R N R S R BE S A TS T
A2 A SR DA AR [ S Y R TR 28 A F T T 24
FETERE APy R Pt 1, S SO AE R A Y
153 A oW e 25 S 5 SR B K A T R
1z B AR, 5 — i R S A B

AR 1) TS 24 3R B 22 i &2 2% AR ML 3 ] 4
FHBZ5 S AHIF 58 A AE 2 780 R0 35 PR 241 )2 v o JFL
1575007 o FEFEASICEE J5 10, TRAR A BBORE L AA AE
Jey B, 7E H B R I, [ SR L LV SRR
B TR 5 22, LAt TR 5 R s X ) o R 8 /0 5 7 i
FERAE Ty I, A G 22, T At R Y TR R R
o X WK BRI DA T 25 1k I E 5T, 4 I I T
E— 2B REE A A& B 2 JEREAS AT (i 1F
FELE SN ] S
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Abstract: To reveal the drug-resistance potential of Aeromonas hydrophila, the micro broth dilution method
and comparative genomics method were used to analyze its drug-resistance potential in this study. The results
showed that enrofloxacin, neomycin sulfate, florfenicol and doxycycline hydrochloride had inhibitory effects
on the three strains, while sulfamethoxam had no inhibitory effect on the three strains. The resistance
phenotype of the strains was not corresponding to the resistance genes one by one, and some strains could
show related resistance phenotype even though the resistance genes were not annotated ; The genomes of the
three newly sequenced strains differed in size, and their genetic relationships were not close, but the number
of drug-resistant genes was basically the same. After calculation of ANI (Average nucleotide identity) ,
comparative analysis of genomes revealed that the genomes of A. hydrophila showed strong variability, and
there were still large differences among genomes of even close strains. Phylogenetic analysis showed that the
strains from different hosts were scattered in the evolutionary tree, and the related strains were distributed in
different countries and regions. A total of 21 drug resistance genes were annotated in all strains in CARD
(The Comprehensive Antibiotic Resistance Database ), of which 7 were shared by all strains. The reason for
this phenomenon is likely to be due to the strong variability of A. hydrophila genome and the wide distribution
of its hosts. Frequent gene exchange between strains promotes the rapid spread of drug-resistance genes
throughout the species, so even if the genome changes between strains are large, the changes of drug-
resistance genes between strains are small.

Key words: Aeromonas hydrophila; drug sensitivity test; whole genome sequencing; comparative genome;

phylogenetic development; resistance genes
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