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, AHI0 DNA, Covaris®” g-TUBE"
, (Covaris, ) DNA 10 kb
, RNA DNA PacBio” SMRTbell™ Template Prep Kit
(8] (PacBio, ) , SMRTbell
, 38 templates, PacBio RS II
SMRT® Portal ,
(National Center for Biotechnol- AHI10
ogy Information, NCBI), 38 1.3 ORF il
10 ( Glimmer3.0
AH10, : CP011100.1) , (Delcher ] ) (open reading
, frame, ORF) , 30
, (coding sequence, CDS) ,
10 , 30 ORF
, , ORF ., NCBI ,
ORF
AH10 14 ERINGEEBESH
, ORF NCBI
, (Kyoto Encyclopedia of
Genes and Genomes, KEGG)
R (Conserved Domain Database, CDD)
(basic local alignment search tool,
s s BLAST) , :
1 #MHE5RE ORF
11 EHRREETE ORF, (hypothetical protein)
AHI10
>, (Kyoto Encyclopedia of Genes and Genomes
(CCTCC : AB2014155) orthologynumber, KO number), KO num-
Muller-Hinton(MH) ber
(1000 mL 17.5 g, ORF CDD (cluster
S5g, 0.15 g, 15~20 g, pH of orthologous groups, COG)
7.2) MH 16S rDNA , ,
16StDNA PCR (F: AHI10
5'-AGAGTTTGATCATGGCTCAG-3'; R: 5'-CTAC- 15 LWEREFRAZESHH
GGTTACCTTGTTACGAC-3', ) Aeromonas hydrophila  ATCC 7966

16S rDNA

1.2 EEKSHEEE AHIO WEEEANF
AHI10 DNA

Sug

(ATCC7966)  Aeromonas hydrophila ML09-119
(ML09-119) Aeromonas hydrophila 4AK4(4AK4)
Aeromonas hydrophila YL17(YL17)( NCBI,

: CP000462.1 CP005966.1 CP006579.1
CP007518.1)
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, Mummer 3.23
(single nucleotide polymor-

phism, SNP) (insertion-deletion,

INDEL) Mega6.06
2 EREHMH
21 AHIO E#EE
AHI10 )
, , (0.3~0.5 pm)*(0.8~1.6 um);
ATB ID32 E
32 , ,
AHI10 ,ID 95%, T
0.68; AH10 16S rDNA ,
GenBank ,

, AHI10 (Aeromonas
hydrophila, Ah), GeneBank CP011100.1
22 AHI1O EEAEBE

AHI10
2303270 (read)
45 bp, read 1013 bp, reads
261 bp reads s
25 (contigs), 25

(scaffolds) (1), 98.5%

R1 BASHEEE AHI0EFAHENBIESIT
Tab.1 Data statistics of Aeromonas hydrophila AH10
genome assembly

property contig scaffold
total sequence number » 23
number of sequclenkc2s greater than 1 kb »
GC /% GC content 61.1 61.1
/bp shortest length 1713 1713
/bp longest length 917840 917840
23 ERE@yFm
AHI0 4.91 Mb, GC 61.1%,
4570 , 0.09~0.5 kb
1319 0.5~1.0 kb 1616
1.0~1.5 kb 957 1.5~2.0 kb

395 2.0~2.5 kb 156
; 2.5~3.0 kb 60 >3.0 kb
67 (1) 4327
, 3351 ,
128 tRNA , 22 33  rRNA
, 5SrRNA 23S rRNA  16S rRNA
11
1% [ 2%
®0.09-0.5 kb
= 0.5-1kb
m1-1.5kb
= 15-2kb
m2-25kb
m2.5-3kb
u>3 kb
1 AHI0
Fig. 1 Statistic result of the gene fiagments of Aeromonas

hydrophila AH10

2.4 EEIhEESE
, 2592
COG , 22 (2

208 8%;
676 26% ,
, 261 10.1%;
RNA , 1
270 , . 104%
25 REEKEE
KEGG ,
, 20 ( 3) 4
(
), 101 ,
, 310 :

1281

), 169 ; AHI10
, , , 703
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15 5% S HLH signal transduction mechanism

DNAZ . EHFEE DNA replication, recombination and repair

AN FE HE R4 cell motility and secretion

THLE Tz A4 inorganic ion transport and metabolism

B Rz A5 nucleotide transport and metabolism

B IHRETAM general function prediction

WIKALE Wiz F1EE carbohydrate transport and metabolism

B, BEIRES A A= Y1554 translation, ribosomal structure and biogenesis

FFERR M A amino acid transport and metabolism
3% transcription
BEAE R B, O R, 5 FEA

posttranslational modification, protein turnover, chaperones

254

261

IJHEAR A function unknown 270
40 M N FEE F143 intracellular trafficking and secretion
SHEGRHT AR coenzyme metabolism
RNAJII T &4 RNA processing and modification
e A5 530 J1°# chromatin structure and dynamics
WA= Y YA B BRI
secondary metabolites biosynthesis, transport and catabolism
REYR A 7= %546 energy production and conversion
g F AR lipid metabolism
BiLH defense mechanisms
Yo 3G RS X cell division and chromosome partitioning
Y R A= AR YR B SN cell envelope biogenesis, outer membrane
0 100 200 300
FEPIFUE number of genes
2 AHI10
Fig. 2 The gene function classification and explanation for Aeromonas hydrophila AH10
200 1 188
180 1
_d;i 160 T
€ 140 135 136
=1 122
2120 T
O
%100 +
o 100 84 92
= 80172 70
% “1 ) 1 4 47
40 - 33 37 40

R4 #Z FR the name of the metabolic pathways

3 AHI10
Fig. 3 The genetic metabolic pathways of Aeromonas hydrophila AH10
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26 HEAAR

5~10 kb ,
12 ,

*2 MKSEBERE AHIOWERESKENSS
Tab.2 Thegenomicisland length distribution of Aeromo-
nas hydrophila AH10

/kb length count
0-5 5
5-10 13
10-15 2
15-20 6
20-25 1
25-30 4

27 HhRERAZF
271 HETMA A4S AHI0

ATCC7966 4AK4 ML09-119  YLI17
, SNP 102481
SNP(
)85831 83.8%; SNP(
)16650 16.2%
3771 ,  AHI0 82.5%
( A G T C ),
( A TT
G ) A T T
A ,
(4
272 #ZOEESH AH10  ATCC7966

4AK4 MLO09-119 YL17 ,

25000 -
20000 - 18716 18878 19089 19327
w)
g
8
£ 150001
n
i)
3§ 10000 1
[75]
50001 3093 3050

0 .
A/T A/C A/G G/A G/C G/T T/A T/C T/G C/A C/T C/G
PRFLEEH base substitution

4 AH10 SNP

Fig. 4 SNP number statistic result of Aeromonas hydrophila
AHI10 genome

AHI0 , AHI0
3.34%, ML09-119 ,
0.51%

3

*3 BREKSEMEBEKNZOERSITS
Tab. 3 The coregene analysis result of each Aeromonas
hydrophila strain

/% /%
strain total non-core pz(r)éle;ﬁ?;; unique p;::lei?ltlaege
AHI10 4570 1377 30.13 12 3.34
Dol asa 1091 25.47 50 117
4AK4 4074 881 21.62 56 1.37
ML09-119 4501 1308 29.06 23 0.51
YL17 4281 1088 25.41 25 0.58

273 ERFEHKKMESH
,AHI10  ATCC7966 4AK4 ML09-119 YLI17
( 5 AHI10 ATCC7966 4AK4
(locally colinear blocks, LCBs) s
7966 3 LCBs, AHI10
1 176470-2161763 2202342-2663261 2794117
4908265; 4AK4 7 LCBs, AH10
:4391176—4812764, 3188235— 3592314
1532352-2061764 417647-814705 817956—1356092
2027960-2981256 3630866—4312421 AHI10

ATCC
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5000000 > 5000000 , -

4500000 * .f3

3000000 **
amt0
2500000 “* °

2000000 .

Pty

0 500000 1000000 1500000 2000000 2500000 3000000 35000004000000 4500000 500000
ATCC7966

10(.}0600 1500000 2000000 2500000 3000000‘3500000 4000000 4500000

5000000

500:)000 0 500000 1000000 1.500000 2000(:00 2500000 3000000 3500000 4000000 4500000
ML09-119 YL17
© D)
5 AHI0  ATCC7966(A) 4AK4(B) ML09-119(C) YL17(D)

Fig. 5 Global alignment between Aeromonas hydrophila AH10 and ATCC7966(A), 4AK4(B), ML09-119(C),
YL17(D) strains, respectively
Red means the forward sequences of the two genome are the same in this region; blue means the reverse sequences
are the same in this region.

ATCC7966 , AHI10 ATCC7966
, AHI10 J-1
2535294-2676326 AHI10 4AK4 2.8 BEKSEREHFESH
, 281 BERNRS (quorum sensing,
LCBs AH10 ML09-119 YL17 QS) ,
, ML09-119
AHIO YL17 , , , QS
, AHI10 (signal molecule syn-
1-601310 thetase gene, yl) (transcriptional
2.7.4 #HALWHE Mega6.06 16S regular gene, AhyR) AHI10
rDNA ( 6) AHIO ATCC7966 AHI0 ahyl/QS  ahyR/QS

4AK4 , , YL17 -2(autoinducer-2, 1-2 )QS
[10]
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/K S BRI Aderomonas hydrophila ML09-119(CP005966.1)
63| BEZK S BT Aeromonas hydrophila 104A(CP007576.1)

K&K S BB deromonas hydrophila J-1(CP006883.1)

W& /KS M Aeromonas hydrophila AL09-71(CP007566.1)
/K S BB Aeromonas hydrophila ATCC7966(CP000462.1)
QoF———— /K S BRI Aeromonas hydrophila 4AK4(CP006579.1)
47! BgK S B JfIBE Aeromonas hydrophila AH10(CP011100.1)
WK BHIBE Aeromonas hydrophila YL17(CP007518.1)

AR BB deromonas veronii B565(CP002607.1)

P
0.001

6 16S rDNA
Fig. 6 Neighbor-joining algorithm based on 16S rDNA sequences

S(luciferase S) LuxS AI-2QS alt ahyl ahyR ,AH10
, AHI0 ATCC7966 : 3358273-3359580 4525089—
LuxS (AH10 : 4527598 1698424—-1699526 183025-1831189
4248595-4249104; ATCC7966 4876906—4878006 4402613—4403116 591813—
1 748411-748920) AHI10 ahyl 592102 AHI10 act ,AH10
ahyR/QS LuxS/AI-2 QS hly aer ahal ahp alt
111 (type III secretion system,  2.8.3 EUmBXEEFFJIEL X347 AHI10
TTSS) AH-1( NCBI, ) , AH10 7
: AY394563.2),  TTSS hly aer ahal ahp alt ahyl ahyR
109-26123, 35 , ATCC7966 J-1  NJ-35
TTSS NCBI AH10  ATCC7966 «C 49 82%~
, , AH10 99.5%,
ATCC7966 TTSS, J-1( R -
CP006883.1) TTSS!! 4 ”E**iﬁﬁfﬁf"ﬁﬁm
282 EBASRPEITENFHEHEEHR Tab. 4 Nucleotide homologies comparation of the
virulence-associated genes of each strain with
AH10 strain %
gene

’ strain

alt aer ahp ahal hly ahyl ahyR
ATCC 7966 98.0 969 983 993 989 994 995

hly (hemolysin gene)

J-1 98.1 97.8 980 989 982 986 99.2
aer (acrolysin gene) alt NJ-35 98.0 978 98.0 992 985 98.6 99.8
(cytotonic enterotoxin gene) MLO09-119  98.1 98.0 980 993 982 98.6 998
act (cytotoxic enterotoxin gene) ahal 4AK4 859 939 826 836 886 855 87.0

. . YL-17 945 - 973 87.0 974 946 97.8

(major adhesion gene) ahp
(Serme protease gene) . AHIO0 Note: “—” indicates that the gene sequence does not exist.
ATCC7966 4AK4 YL17 MLO09-119

J-1 NJ-35( D 284 HFEMBEXERRBERERFIILLXI SR

CP006870.1) hly aer ahal ahp AH10 ,
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hly hly aer ahal ahp alt ahyl ahyR
94%~100% NIJ-35 ahal , ,
AHI10
99% ATCC7966 AHI10 ahyl )
( 4, 2010
, 87.4% 4AK4 Carvalho-castro [ 111
AHI10 (the type III secretion system, TTSS)
( 4 5 )
AHI10 TTSS,
*5 BEMKEINESHNERRBIERFISSE
EHk AH 10 B bE 3t 25 B ahyl/QS ahyR/QS LuxS/AI-2 QS
Tab.5 Amino acid sequence homologies comparation Qs , QS
of the virulence-associated genes of each strain
with AH10 %
_ gene AH10
strain
alt aer ahp ahal hly ahyl ahyR , CcOG
ATCC 7966 99.8 98.9 993 100 100 87.4 995
J-1 994 994 993 * 100  99.5 *
NJ-35 994 994 993 924 100 100 100 ’
MLO09-119 994 992 99.1 994 100 100 89.2 >
4AK4 86.7 83.4 828 803 94.1 874 921 5
YL-17 96.3 - 99.0 87.0 99.0 96.6 98.5 5
. s _
Note: “*” indicates that the amino acid sequence could not be found; [18-20]
“=" indicates that the amino acid sequence does not exist.
(211 ,AH10  ATCC7966

3 itig

, 1995 TIGR
(Haemophilus influenzae)

[12]

4 1987
Chakraborty [ (aerA)
2010  Singh !
hlyA ,
, AH10

AHI0

4AK4 MLO09-119 YL17 ,

b

: SNP ,
, AHI0  ATCC7966 4AK4 ML09-119
YL17
[22]
AH10
31,
AH10 , [22]
[23]
AH10
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Whole-genome sequencing and comparative analysis of Aeromonas
hydrophila AH10 (CCTCC AB2014155)
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Abstract: Aeromonas hydrophila exists widely in aquatic environments throughout the world. It is highly patho-
genic and infection with this bacterium entails extremely high mortality. To facilitate the prevention and treatment
of the diseases caused by A. hydrophila, we sequenced the whole genome of A. hydrophila AH10 (CCTCC
AB2014155), to fully understand its information structure and functions and to provide a basis for future molecu-
lar pathology research. Genomic DNA was extracted from strain AH10, and a library was constructed and se-
quenced. The raw data were filtered and their quality was assessed, the sequence was assembled, and the genome
was annotated and analyzed comparatively. The full-length genome of strain AH10 is 4.91 Mb, with a G+C con-
tent of 61.1%, and encodes 4570 predicted genes, including 3351 genes with a clear biological function, 2592
genes found in the Clusters of Orthologous Groups (COG) database, 1281 genes related to metabolic pathways,
and 31 genomic islands. The study of comparative genomics showed that AH10 has 102481 single-nucleotide
polymorphisms (SNPs), 402 insertions/deletions, and a linear genomic organization most similar to A. hydrophila
YL17. AH10 is closely related to A. hydrophila ATCC7966, the standard strain in the USA. The pathogenicity of
AH10 is closely associated with the hemolysin gene (hly), aerolysin gene (aer), major adhesion gene (ahal), serine
protease gene (ahp), and cytotonic enterotoxin gene (alt). These genes are highly homologous in different strains.
Autoinducer-2 (AI-2) quorum sensing (QS) and Ahyl/AhyR QS are found in AH10, but there is no type I1I secre-
tion system (TTSS). With a comparative analysis, we demonstrate the specificity of the A10 genomic structure, its
SNPs, and the pathogenic system differences in different strain. Our analysis not only provides a guide to distin-
guishing the specificities of different species, but also a reference for the analysis of the genomic information of A.
hydrophila. Research into the A. hydrophila genome has accelerated related studies of its pathogenicity. Identify-
ing the causes of disease requires that the accuracy of their clinical diagnosis be effectively improved. This, in turn,
will offer clues to their pathogenic mechanisms in humans. The study of Aeromonas hydrophila genome also pro-
vides the foundation to the research of proteomics. According to the specific functional areas of protein conserva-
tive sequences, setting up a corresponding protein database can help to quickly find the protein function area. In
this way, we can not only study the cell wall composition and the functions of the membrane proteins and secreted
proteins of A. hydrophila, but can also predict the functions of related proteins based on genomic information. This
research provides unlimited opportunities for the development of new drugs that not only effectively avoid the
generation of drug resistance, but also circumvent the abuse of antibiotics, thus providing people with a healthy
environment. Studies of the A. hydrophila genome should also promote vaccine research. With the comparison of
homologous sequences, effective antigen can be rapidly identified and vaccines prepared, efficiently reducing the
incidence of disease. Genomic information has potentially wide applications, and its use in the prevention and
treatment of the diseases caused by A. hydrophila will continue to increase.
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