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Whole genome sequencing and comparative genomic analysis of
goat-derived Klebsiella pneumoniae KPHN001

LAN Feng, YANG Yingxue, XU Le, LI Shiyuan, LI Suya, JIAO Yuqing, CHEN Si, CHEN Qiaoling,
Manchuriga, DU Li, WANG Fengyang, GAO Hongyan"

Hainan Key Laboratory for Tropical Animal Breeding and Disease Research, School of Tropical Agriculture and
Forestry, Hainan University, Haikou 570228, Hainan, China

Abstract: [Background] Klebsiella pneumoniae is a Gram-negative bacterium that can cause
respiratory infections, urinary tract infections and sepsis in humans and animals. A strain of
K. pneumoniae, named KPHNOO1, was isolated and identified from a diseased lamb of Hainan
black goat. [Objective] To enrich the genomic information of K. pneumoniae and clarify the
genetic evolutionary relationship of strain KPHNOO1. [Methods] This study used a combination
of third-generation Oxford Nanopore Technologies (ONT) and second-generation Illumina for
sequencing. The gene functions of the strain were annotated and bioinformatics analysis was
conducted through whole-genome sequencing and comparative genomic analysis. The sequencing
results were verified by PCR. [Results] The genome size of strain KPHNOO1 was 5 470 968 bp,
with the G+C content of 56.66%. The genome carried 5 135 coding genes, 25 rRNAs, 86 tRNAs,
and 58 sRNAs. There were 14 gene islands and 3 prophages. A total of 3 321 and 4 075 genes
were annotated in KEGG and COG databases, respectively, and the circular whole genome
diagram of the strain was drawn according to the analysis results. Comparative genomic
analysis showed that strain KPHNOO1 shared the closest evolutionary relationship with
HS11286. PCR was conducted for the selected antibiotic resistance genes, and four resistance
genes (SHV-11, H-NS FosA, and MdtQ) were mined out. The presence of these genes indicated
that the strain was multidrug-resistant. [Conclusion] This study revealed genetic information of
strain KPHNOO1 through whole genome sequencing and comparative genomic analysis. At the
same time, by comparing the differences between different strains, this study layed a genetic
basis for the identification and clinical application of K. pneumoniae.

Keywords: Hainan black goats; Klebsiella pneumoniae; whole genome sequencing; genome
diagram; comparative genomics
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1.2 EFE. FERAFIANEE

MK 258 (tryptone soya agar, TSA)
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Table 1 Primer information in this study
TR G/ B 191751 B E PR 275 30K
Type of Primer name Primer sequence (5'—3’) Annealing Product Reference
Antibiotic temperature (°C)  size (bp)
LMW E SHV-11 F: GCTGTTATCGCTCATGGTA 55 377 [37]
Cephalosporin R: TTCGCCTGTGTATTATCTCC
ZRPiER MdtQ F: CGAGGTCAGTTGAATGCTA 55 711 [38]
Multi-antibiotics R: GCGGAGAACGATATTAACG
AAi7ES FosA6 F: ATGCTGAGTGGACTGAATC 55 228 [37]
Phosphonic acids R: ATCGGCTTCGCTAATACTAA
ZRPUER H-NS F: GCCCAGCCTTTGTTATTCA 55 279 [39]
Multi-antibiotics R: GCAGCAGTTTGAGTGGAT

0 Mb COG annotation

1 B KPHN001 B2 E FEEE
Figure 1

M Translation, ribosomal structure and biogenesis
I RNA processing and modification
Transcription
Replication, recombination and repair
Chromatin structure and dynamics
M Cell cycle control, cell division, chromosome partitioning
M Nuclear structure

' Mb B Defense mechanisms

Signal transduction mechanisms
M Cell wall/membrane/envelope biogenesis
Cell motility
Cytoskeleton
M Extracellular structures
Intracellular trafficking, secretion, and vesicular transport
[ Posttranslational modification, protein turnover, chaperones
Energy production and conversion
Carbohydrate transport and metabolism
Amino acid transport and metabolism
B Nucleotide transport and metabolism
Coenzyme transport and metabolism
M Lipid transport and metabolism
M Inorganic ion transport and metabolism
M Secondary metabolites biosynthesis, transport and catabolism
M General function prediction only
B Function unknown

Whole genome circle map of strain KPHNOOI.
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%2 HEk KPHNOO1 H;E 58
Table 2 Annotation information of strain KPHNOO1

* 3 HEH KPHN0O1 B KEGG ;¥ B4R
Table 3 KEGG annotation results of strain KPHNOO1

i H Kt
Item Quantity
FEH AN Gene size (bp) 2 668 660 601
FER R 5470 968
Total gene length (bp)

G+C & G+C content (%) 56.66
gl FL A Coding gene 5135

FL:[H 5 Gene island 14

i i DX AR 4764 579
Total length of code area (%)

LR BRI 362 874
Total length of gene island (bp)

K E K ¥ 5] Tendam repeat 116
rRNA 25

tRNA 86

sRNA 58

SINEs 39

LINEs 29
CRISPR 2
B B & Prophage 3

W T A I 110 978

Total prophage length (pb)

22 EENgESH
2.2.1 KEGG i#

Btk KPHNOO1 () KEGG 1 #4535,
3321 MR N EARGE, HENA
1) 64.67%, Hrb, S5, L E AR, B
BAGEAH . MR . AV RGAR S
B | or g R R 3, 45K, 7£ KEGG
ek, SREHEBAECHERNRZ, H
AL FE K A A A (12.57%) 5 2 BE R A
(8.37%). MLAN, WA 40 4IPSk L H
i A6 4 e AR DG (I 2)

2.2.2 GO I#

Pk KPHNOOL [ GO yERZE KW 3 fir
INo TEAEY SR, A0t #E (cellular process) .
PR A MR S F (single-organism process) FIA i
1 P (metabolic process) & Fk R & 52 2 i B i 19

i Ao
Pathway Percentage (%)
4 Metabolism 72.07

B {E B AL 6.14

Genetic information processing

PSR BAL B 14.96
Environmental information processing

A0 i1 72 Cellular process 5.11
W) R 4 Organismal systems 0.30

3AEAE, AESE T 3811, 3466 13270 4
L s TEAR ML ZH B, 20 M (cell) R4 L 53 (cell
part)EEEREREN 2 MR, HilEET
3110 13 106 ML TfE4rFohRed, 454
(binding) FEAL 15 VE (catalytic activity) /2 & FEFEE
gAY 2 DA, 3l e T 2 645 SH12 983 A~
HMA
223 COG i

A 4075 NE A TSR PHE R COG %L
P fErh 25 25N (E 4). 7EIX 4 075 DS,
586 2SRz i A ARG B, 536 1Y
WA Gz A A DCIE ], 440 sk
FREE , 386 N5 ToHLEs Tz AR G
FFE . X —45 05 KEGG Ui 1o 1 25
TARL, KoL 2 5 4 1 445 JE AR A= A BT
BRAC L
2.2.4 CAZy i

Ik KPHNOO! (1) CAZy VERZE B R (] 5),
772 AL BB OGS, fU3E 350 4
55 B K f# T (glycoside hydrolases) #H 5 ) F&
, 290 5 WL FL I (glycosyl transferases)
MR B, 81 A Hak/K LG Y4 & Rk
(carbohydrate-binding modules)FH AL, 41 4~
5k K AL & W Bk i (carbohydrate esterases)FH ¢
FYFEIA, 6 55 B 16 M (auxiliary activities)HH ¢
MR, KUK 4 45 W2 B (polysaccharide
lyases)FH I FE A
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KEGG pathway annotation

Metabolism
1073

418
278
207
180
113

94

87

83
59
40

40
Genetic information processing
Translation 84

Replication and repair ﬂ 64
Folding, sorting and degradation 52
Transcription | 4
Environmental information processing
Membrane transport || | 363

Signal transduction 134
Cellular processes
' 3 147

15

; 8
Organismal Systems
Environmental adaptation |8
Immune system |2

0 200 400 600 800 10001200
Number of genes

2 KEGG ERERGITE  MAhRsSEREE, 4hRm KEGG TIfEERA 7328 .
Figure 2  Statistical graph of KEGG annotation results. The horizontal axis represents the number of genes,
and the vertical axis represents the functional classification of the KEGG database.

2.3 HEREREASHT KPHNO01 5 itk HS11286 AR —433, #Efk
231 REEERSGAXER K AZRIT(E 6). Rk EMIEER T HEE DSM

¥R AT SR A Bl R T TR A R YL 30104, ASM 159094v1, ATCC 13883 1 NCTC
Z5 . IR R MR, M NCBI Muhigk 9633 1% 4 N IERATE L T — M HXT B3 59403,
U6 PRMS e A IR T A O tede RUTENFE R A 250 B & RSk
(F ), WEREEHNREREH AN, itk KPHNOO1 5 HS11286 FEM H 4y
FAR KPHNOO1 MRS LABWE/R, Wik RO, Rk 2 MEEEARTRESD T A
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4 000 } Level 2 GO terms of KPHNOOI
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Figure 3 GO function annotation of strain KPHNOOI.

[] 3 N P R o 33— XL A #ff ) 45 25 DR 4 )
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2.3.2 HEMSH

X5 Al AR s B A IR MR A SRR 2 A 7 T 4t
LMo HT, 255 BR A SR A 2 (8] st AL AR <
PEFASSE(E 7). il LSRR KPHNOOT 5 H:
fi 4 BRI ZH(DSM 30104, ATCC 13883, ASM
159094v1 Fl NCTC 9633)i, % Bl AR EE 43
HHR 87.22%. 86.97%. 87.34%FN 86.45%, iX
SeZE IR KA 2 R A — e
EOBU Eetal s £ 3 Nl e S A el [ETR LS S T
RS o IR BB ST XA AT REFE /8 AT
TENRE EEAMPIAFE . BRI 2 7Pk HS11286

5 #k KPHNOO1 2 [1] (% AH L BE B J2& ik #
91.63%, 2 H B8 T X 2 MEERAAESE i
FIALPE R ER 2
233 EEXRESH

PR KPHNOOL 38 R 05 40 b 45 AR R
(1 8), 6 NEHEA 4177 MEA I ELF K,
Bt 19 247 NMRSFRE . Hid, Bk HS11286
5% 593 MREAEEN . Tk ATCC 13883 1%
14 MEEAT R HRk ASM 159094v1 A3 32 4
PR 3L . HRE NCTC 9633 fud 17 MFA K
. HEFE DSM 30104 G5 8 MFA IR, DIKE
Fk KPHNOO1 175 362 MEFA SN, 455350,
FEIX 6 NHMRZ I ZHUR IR, U 40k
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B A: Translation, ribosomal structure and biogenesis
" B: RNA processing and modification
C: Transcription
D: Replication, recombination and repair
COG function classification E: Chromatin structure and dynamics
652 [l F: Cell cycle control, cell division, chromosome partitioning
B G: Nuclear structure
600 2= M H: Defense mechanisms
536 I: Signal transduction mechanisms
[ J: Cell wall/membrane/envelope biogenesis
Adi K: Cell motility
L: Cytoskeleton
400 = |38 [l M: Extracellular structures
34 N: Intracellular trafficking, secretion, and vesicular transport
[ O: Posttranslational modification, protein turnover, chaperones
243 P: Energy production and conversion
200428 g i 205 Q: Carbohydrate transport and metabolism
| R: Amino acid transport and metabolism
ml  ollos B S: Nucleotide transport and metabolism
75 91 24 T: Coenzyme transport and metabolism
39 48 [ U: Lipid transport and metabolism
0 1 2o 0o B V: Inorganic ion transport and metabolism
ABCDEFGHI JKLMNOPQRSTUVWXY B w: Secondary metabolites biosvnthesis, transport and catabolism
X: General function prediction only
B v: Function unknown

Number of genes

B4 Ekk KPHNOOL ) COG THREERE  BUMIURINAESNE . VIR AEFI A SN2 MO S HCRE
Figure 4 COG functional annotation of strain KPHNOO1. The horizontal axis represents functional
classification, and the vertical axis represents the number of genes in each functional classification.

CAZy classification result

400 |
350

3007 2850 [ AA: Auxiliary activities
& I CBM: Carbohydrate-binding modules
a B CE: Carbohydrate esterases
< Il GH: Glycoside hydrolases
E 200} I GT: Glycosyl tralnsferases
= " PL: Polysaccharide lyases
=

- - 4 - 6 -
4 GH GT PL CE AA CBM
Function class

5 E#k KPHNO01 B CAZy K& E BZREER 22, QU0 280 & RN
Figure 5 CAZy classification of strain KPHNOO1. The horizontal axis represents the classification of
enzymes, and the vertical axis represents the number of genes contained in that classification.
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Table 4 Basic information of 6 strains of Klebsiella pneumoniae

GenBank %5 5 BERRS S E (B KU
GenBank accession number Strain code Year Host Source
PRINAS63221 KPHNOO1 2021 1112£ Capra hircus NCBI
GCA_000240185.2 HS11286 2011 A\ Z& Homo sapiens NCBI
GCA_000281755.1 DSM 30104 2012 A Z& Homo sapiens NCBI
GCF_001590945.1 ASM 159094v1 2016 A& Homo sapiens NCBI
GCA_000240185.2 ATCC 13883 2011 A& Homo sapiens NCBI
GCF _900452045.1 NCTC 9633 2018 A& Homo sapiens NCBI
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Figure 6 Phylogenetic tree of homologous single copy genes. At the very top is a scale bar with a scale of
0.01, representing a unit of evolutionary distance. 100, 64, and 68 are evolutionary distances.
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Figure 7 Results of collinearity analysis between strain KPHNOO1 and other strains. A: Strain ASM
159094v1 vs. KPHNOO1; B: Strain ATCC 13883 vs. KPHNOO1; C: Strain DSM 30104 vs. KPHNO0O1; D:
Strain HS11286 vs. KPHNOO1; E: Strain NCTC 9633 vs. KPHNOO1. The top axis is the target species
genome, and the bottom axis is the reference genome. Red line is positively matched with the corresponding
area; Blue line is reversed with the corresponding area.
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Figure 8 Venn Diagram of homologous gene families. Each oval represents a genome, the number above

each region indicates the number of gene families in the species in that region, and the number in square
brackets below indicates the total number of genes in the species in that region.
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Figure 9 Heat map of ANI analysis.
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Figure 10 PCR Results of Resistance Genes in
KPHNOOI1 Strain. M: DL2000 DNA marker; 1:
SHV-11; 2: H-NS; 3: FosA; 4: MdtQ.
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