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High-throughput sequencing analysis of a methicillin-resistant
Saphylococcus aureus strain in dairy cattlein Ningxia province
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Abstract: [Background] Methicillin-resistant Saphylococcus aureus (MRSA) is a common conditional
pathogenic bacterium. Mastitis in dairy cows caused by MRSA infection has brought significant economic
losses to dairy farmers. [Objective] To understand the genomic sequence characteristic of MRSA epidemic
strain in dairy cows in Ningxia province, and provide a theoretical basis for the prevention and treatment
of MRSA infection. [Methods] The isolate 1d11 was tested for antimicrobial susceptibility by agar
diffusion method, and the high-throughput sequencing of genomic DNA of isolate 1d11 was carried out
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based on Illumina high-throughput sequencing platform, and the obtained sequencing sequences were
processed and analyzed through network databases. [Results] The susceptibility test showed that the
isolate 1d11 was resistant to ceftiofur, sulfisoxazole, ampicillin, erythromycin, gentamicin, oxacillin,
clindamycin, tetracycline, and doxycycline, and data analysis showed isolate |d11 carried the drug
resistance genes aadD, spc, str, blaZ, mecA, cat(pC194), erm(A), norA, tet(k), and tet(M), and there was a
good correlation between the two; The isolate Id11 carried more resistance genes than the MRSA reference
strains, and the relationship between isolate |d11 and MRSA 252 was closer. The results of COG (Clusters
of orthologous groups of proteins) functional analysis and GO (Gene ontology) annotation showed that the
genes involved in maintaining the basic functions of the cells and the growth and proliferation of the
strains predominated. The KEGG (Kyoto encyclopedia of genes and genomes) pathway analysis showed
that the genes belonging to the metabolic pathway accounted for the most; four gene islands, nine
guestionable CRISPR sequences, and one complete prophage sequence were detected from the genome
sequence. [Conclusion] This study revealed partial genomic sequence information of MRSA epidemic
strain in dairy cows in Ningxia, which provided a reference for comparative analysis of genomic sequence

information and prevention and control of MRSA infection among MRSA strains.

Keywords: Methicillin-resistant Saphylococcus aureus, Whole genome sequencing, Sequence analysis
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Figure 1 Phylogenetic tree of core genome of isolate 1d11
and 4 human MRSA reference strains
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Figure2 The COG function classification of the genome annotation sequence of MRSA |d11 strain
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Figure3 The GO function classification of the genome annotation sequence of MRSA Id11 strain
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Table 2 Gene idands prediction of the genome of MRSA
Id11 strain

LR B 4 JPEE LR £
Geneisland number Sequence length (bp) Number of genes
1 9209 14
2 5 657 9
3 10176 10
4 3587 7
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3 |d11 EFHAY CRISPR 7747
Table3 CRISPR analysisof the genome of MRSA Id11 strain

755 JPFR B CRISPR %5 HE)FH [ % 7 51
Sequence number  Sequence length (bp) CRISPR number Repeat sequence Spacer sequence

NODE_1 882 317 1 CTAAAGGTGAAGAGGAACGC AGGCACAACTGCATAAAAGCC
AGTTGGATGCTA TCTAATCG

NODE_1 882 317 2 CCAATTTCTACAGACAATGCA CGGGGCCCCAACATAGAGAAA
AGTTGG TTGGAACG

NODE_1 882 317 3 CCAACTTGCACATTATTGTAAG CCGCCAGCTTCTGTGTTGGGG
CTGACTTT CCCCG

NODE_1 882 317 4 CCCCAACTTGCATTGTCTGTAG ATTGGGAATCCAATTTCTCTTT
AA GTTGGGGCCCAT

NODE_1 882 317 5 CCCCTAACAACTAAAAGTTGT AAGGAGAGGGATACATGCGCC
AAGG GAGCACATGCATAAAAT

NODE_1 882 317 6 AAAGTCAGCTTACAATAATGT CGGGGCCCCAACATAGAAGCT
GCAAGTTGG GGCGG

NODE_2 614 960 7 GAAATTCTACAGGCAATGCGA TGGGTCCCAACACAGAGAATT
GTTAGGGTG TCGAAAT

NODE_3 401 863 8 TTTATGAATTGAGTATTAAATTT AAAGTAAATTACAGTTCTATAG
G GTTTATAAAAATCAGTTTTTAA

ATCAAAGCTA

NODE_6 109 482 9 TGCATAAGAGCCCCTAACAAC GAAAAATAGAGGAACACAGTT

TAAAGTT GGATGCTACGCATCAAC

5% . KEGG J&H T3 H 45 #r i 5 %, KEGG
B B b 3 A KA B AT BT TR T R
EYRGER) S HBNREFRBUH . AR R 1d11
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[ 3 T —Fp i, I e e RS B 2 1A
P TR RRIOVER . HATE AT MRSA S:[H
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S DR Bl L B R RIS R, AT LA 2 )
BEEE I, WM XRR, 0T DI EYIE
Do ASBFFE N 111 FE R 41 il ) 4 28
By, JEDE AL SRR P ) AR e e BR 1T
(RN ) — RS BRI T e R 5L R A7
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[R5 2 2% A B DR 5 i Rl el KT RS 1) =K
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20 B DR B g g S DR 3 SRR O ¢ i 2 B B B D
5", MRSA TRARAY ™A 3 B DA L R 24 )57 471
PR A 2 BRI e B8 mec & A B (Staphylocossal
cassestte chromosome mec, SCCmec)3k75 T #MJE T
mecA JE IR, WA T A AR BE G 1 TR AR PO s 245424
X MRSA B P PR 21 7 1) v B D] B8 ) 45 82 DG 3
5T, HRATREE L HAE 5> T /K F T #f MRSA 1Y
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T B S A BR2E R A S [R] A AT AR 2 R R 1Y)
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BB Bt o ARG 1d11 BE PR 24 2 81 b ) g e 1 1
P A EAT TN A4, 455 B R 1d1L JE R 4 5
AL AN SEHE TN G RTS8 A
FENT BE S FUVF—SE gl R AR UL A Rk, Bkt
PAIE (A3E PE , R 7 4 B0O0E
AR, AR 5T MRSA HEIK 20 b aij ek i R
B R 2, A H X E 1 MRSA JEA 4]
5T 1) RV TR A o A R 28 0T BB PR ], 24>
WFFT R, W o AR R 28 oA 5 I P g v B i 3R
YA e g

Sl i S S A RS 2 N3 N 5 N S
AR R BASAEASHTREAR, SA JERALRGMITY . 5K
Py HT BN M AT IS . T MRSA FfE
AT T, A s RR T B AR S B
0570, 8 MRSA EHEIE AL B GfFNT . DRk
FER A4 4 | B0 R 0 0 S B A T Rl S A 4
ARFN 7 14 37 H20[ TT L AE BE RH
CRISPR-Cas R4t . HilE I IATE N I HA KFE555
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