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Abstract: [Objective] Staphylococcus epidermidis is a coagulase-negative, Gram-positive
coccobacillus that is widely found in the skin, breast milk, and blood. Bacteria in breast milk play a
crucial role in the establishment of the gut microbiota in the intestinal tract and in the enhancement
of immunity of infants. We then performed comparative genomic analyses to understand the
genetic diversity and functional genes of breast milk-derived S. epidermidis.[Methods] We used
the Illumina NovaSeq platform to sequence the genomes of 110 strains of S. epidermidis
preliminarily isolated from healthy breast milk by our research team. We then performed
comparative genomic analyses for the 110 strains and 263 skin, blood, and breast milk-derived S.
epidermidis strains publicly available from the NCBI. [Results] The genome size of the 373 strains
of S. epidermidis was (2.50+0.33) Mb, with the G+C content was (32.0+0.1)%, and the number of
coding sequences (CDs) being 2 331+£368. Differences existed in genome size and number of CDs
among breast, blood, and skin isolates (P<0.05), with blood isolates having the largest genome size
and the highest number of CDs. The phylogenetic tree showed that the S. epidermidis isolates of
the same source had obvious aggregation, and the breast milk isolates and blood isolates were more
closely related. There were differences in the number of virulence factors and drug resistance genes
among the strains of three sources (P<0.05). The blood-derived strains exhibited the highest
diversity of virulence and resistance genes, whereas the breast milk-derived strains displayed the
lowest diversity of such genes. [Conclusion] S. epidermidis has undergone adaptive evolution to
different habitats. Compared with skin- and blood-derived strains, breast milk-derived strains carry
few genes related to biofilm synthesis, drug resistance, and virulence. This study gives new insights
into the adaptive evolution of S. epidermidis and provides a theoretical basis for subsequent
research on the genetic background of breast milk isolates.

Keywords: Staphylococcus epidermidis; comparative genomics; genetic background; functional
genes
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Table 1 Related information on 373 strains of Staphylococcus epidermidis
7322 GCF/NMDC 5 GBS 17322 GCF/NMDC 5 Sy B IR
Strain number GCF/NMDC number Source Strain number GCF/NMDC number Source
HTM3 NMDC20304984 Milk BIM64-3 NMDC20305025 Milk
HTM4 NMDC20304985 Milk BIM64-4 NMDC20305026 Milk
BIM60-10 NMDC20304986 Milk BIM64-8 NMDC20305027 Milk
BIMG60-11 NMDC20304987 Milk BIM64-9 NMDC20305028 Milk
BIM60-12 NMDC20304988 Milk BIM65-10 NMDC20305029 Milk
BIM60-1 NMDC20304989 Milk BIM65-11 NMDC20305030 Milk
BIM60-2 NMDC20304990 Milk BIM65-12 NMDC20305031 Milk
BIM60-3 NMDC20304991 Milk BIM65-1 NMDC20305032 Milk
BIM60-4 NMDC20304992 Milk BIM65-2 NMDC20305033 Milk
BIM60-5 NMDC20304993 Milk BIM65-3 NMDC20305034 Milk
BIM60-6 NMDC20304994 Milk BIM65-4 NMDC20305035 Milk
BIM60-7 NMDC20304995 Milk BIM65-5 NMDC20305036 Milk
BIM60-8 NMDC20304996 Milk BIM65-7 NMDC20305037 Milk
BIM60-9 NMDC20304997 Milk BIM65-9 NMDC20305038 Milk
BIM61-11 NMDC20304998 Milk BIM66-4 NMDC20305039 Milk
BIM61-1 NMDC20305000 Milk BIM67-1 NMDC20305040 Milk
BIM61-2 NMDC20304999 Milk BIM67-2 NMDC20305041 Milk
BIM61-3 NMDC20305001 Milk BIM67-4 NMDC20305042 Milk
BIM61-4 NMDC20304984 Milk BIM67-5 NMDC20305043 Milk
BIM61-5 NMDC20304985 Milk BIM67-6 NMDC20305044 Milk
BIM61-6 NMDC20304986 Milk Cai-13 NMDC20305045 Milk
BIM61-7 NMDC20304987 Milk CLJ-2 NMDC20305046 Milk
BIM61-8 NMDC203049B8 Milk CLJ-3 NMDC20305047 Milk
BIM61-9 NMDC20304989 Milk EFR17-12 NMDC20305048 Milk
BIM62-10 NMDC20304990 Milk EFR17-15 NMDC20305049 Milk
BIM62-11 NMDC20304991 Milk EFR17-18 NMDC20305050 Milk
BIM62-12 NMDC20304992 Milk EFR17-21 NMDC20305051 Milk
BIM62-1 NMDC20304993 Milk EFR17-3 NMDC20305052 Milk
BIM62-2 NMDC20304994 Milk EFRO9-11 NMDC20305053 Milk
BIM62-3 NMDC20304995 Milk EFR9-12 NMDC20305054 Milk
BIM62-4 NMDC20304996 Milk EFR9-13 NMDC20305055 Milk
BIM62-6 NMDC20304997 Milk EFR9-4 NMDC20305056 Milk
BIM62-7 NMDC20304998 Milk EFR9-7 NMDC20305057 Milk
BIM62-8 NMDC20305000 Milk EFR9-8 NMDC20305058 Milk
BIM62-9 NMDC20304999 Milk EFR9-9 NMDC20305059 Milk
BIM63-13 NMDC20305001 Milk EYRI1-14 NMDC20305060 Milk
BIM63-14 NMDC20304984 Milk EYRI-16 NMDC20305061 Milk
BIM63-1 NMDC20304985 Milk EYRI1-2 NMDC20305062 Milk
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(B 1)
[Lles GCF/NMDC 5 SYEE RS GCF/NMDC % Sy IR
Strain number GCF/NMDC number Source Strain number GCF/NMDC number Source
BIM63-2 NMDC20304986 Milk EYR2-10-1 NMDC20305063 Milk
BIM63-3 NMDC20304987 Milk EYR2-10-2 NMDC20305064 Milk
BIM64-12 NMDC20305002 Milk EYR2-12 NMDC20305065 Milk
EYR2-13-1 NMDC20305066 Milk APC3789 GCF_009897435.1 Milk
EYR2-4-2 NMDC20305067 Milk APC3882 GCF_009897505.1 Milk
EYR4-2 NMDC20305068 Milk APC3780 GCF_009897515.1 Milk
EYRS5-15 NMDC20305069 Milk APC3779 GCF_009897605.1 Milk
EYR5-19-2 NMDC20305070 Milk APC3778 GCF_009897625.1 Milk
EYR7-1 NMDC20305071 Milk APC3776 GCF_009897655.1 Milk
EYR7-6 NMDC20305072 Milk APC3777 GCF_009897685.1 Milk
GRM-6-2 NMDC20305073 Milk APC3775 GCF_009897805.1 Milk
HLR12-3-1 NMDC20305074 Milk APC3810 GCF_009897825.1 Milk
HLR2-2 NMDC20305075 Milk APC3764 GCF_009897905.1 Milk
HLR4-1 NMDC20305076 Milk APC3761 GCF_009897925.1 Milk
NXF-3 NMDC20305077 Milk APC3762 GCF_009897935.1 Milk
WLN-1 NMDC20305078 Milk APC3772 GCF_009897945.1 Milk
WLN-2 NMDC20305079 Milk APC3763 GCF_009897975.1 Milk
WLN-4 NMDC203050B0 Milk APC3768 GCF_009898025.1 Milk
WLN-5 NMDC203050B1 Milk APC3769 GCF_009898035.1 Milk
WM-2 NMDC20305082 Milk APC3771 GCF_009898055.1 Milk
WY-6 NMDC20305083 Milk APC3785 GCF_009898115.1 Milk
YJQ-1 NMDC20305084 Milk APC3808 GCF_009896645.1 Milk
YLL-3 NMDC20305085 Milk APC3784 GCF_009896875.1 Milk
YLR-2 NMDC20305086 Milk APC3783 GCF_009896905.1 Milk
YLR-4 NMDC20305087 Milk APC3807 GCF_009896915.1 Milk
YLR-5 NMDC20305088 Milk APC3782 GCF_009896965.1 Milk
YLR-6 NMDC20305089 Milk APC3806 GCF_009896975.1 Milk
YLR-7 NMDC20305090 Milk APC3804 GCF_009897025.1 Milk
YLR-8 NMDC20305091 Milk APC3803 GCF_009897035.1 Milk
ZJH-1 NMDC20305092 Milk APC3802 GCF_009897065.1 Milk
ZJH-3 NMDC20305093 Milk APC3800 GCF_009897075.1 Milk
APC3801 GCF_009897085.1 Milk All GCF_004329455.1 Skin
APC3799 GCF_009897125.1 Milk ADQBG GCF_036419715.1 Skin
APC3883 GCF_009897145.1 Milk ADQBK GCF_036419775.1 Skin
APC3797 GCF_009897165.1 Milk AH6072 GCF _025665415.1 Skin
APC3798 GCF_009897195.1 Milk CDC120 GCF_003856395.1 Skin
APC3795 GCF_009897225.1 Milk CDC121 GCF_003856455.1 Skin
APC3781 GCF_009897235.1 Milk HD33 GCF_006337225.1 Skin
APC3794 GCF_009897265.1 Milk HD43 GCF_006337205.1 Skin
(§28)
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[LlSes GCF/NMDC 5 SYEE RS GCF/NMDC % Sy IR
Strain number GCF/NMDC number Source Strain number GCF/NMDC number Source

APC3793 GCF_009897305.1 Milk HD66 GCF_006337185.1 Skin
APC3792 GCF_009897315.1 Milk JH GCF_012029995.1 Skin
APC3791 GCF_009897335.1 Milk JH-S-1 GCF_016107425.1 Skin
APC3790 GCF_009897365.1 Milk JH-S-3 GCF_016107415.1 Skin
APC3788 GCF_009897375.1 Milk JONWPO17 GCF _037699445.1 Skin
APC3787 GCF_009897425.1 Milk JONWPO18 GCF _037699365.1 Skin
JONWP026 GCF_037699085.1 Skin JONWP070 GCF_037697275.1 Skin
JONWP027 GCF_037699045.1 Skin JONWPO071 GCF_037697195.1 Skin
JONWP028 GCF_037698945.1 Skin JONWP072 GCF_037697235.1 Skin
JONWP029 GCF_037698925.1 Skin JONWPO073 GCF_037697155.1 Skin
JONWPO030 GCF_037698845.1 Skin JONWP074 GCF_037697115.1 Skin
JONWPO031 GCF_037698905.1 Skin JONWPO075 GCF_037697035.1 Skin
JONWP032 GCF_037698885.1 Skin JONWPO076 GCF_037697055.1 Skin
JONWPO033 GCF_037698725.1 Skin JONWPO077 GCF _037696995.1 Skin
JONWPO035 GCF_037698685.1 Skin JONWPO079 GCF_037696835.1 Skin
JONWP036 GCF_037698705.1 Skin JONWPO080 GCF_037696875.1 Skin
JONWP037 GCF_037698745.1 Skin JONWPO81 GCF_037696855.1 Skin
JONWP038 GCF_037698585.1 Skin JONWP082 GCF_037696795.1 Skin
JONWP039 GCF_037698525.1 Skin JONWPO083 GCF_037696755.1 Skin
JONWPO040 GCF_037698485.1 Skin JONWPO084 GCF_037696655.1 Skin
JONWP041 GCF_037698495.1 Skin JONWPO085 GCF _037696675.1 Skin
JONWP042 GCF_037698465.1 Skin JONWPO086 GCF_037696635.1 Skin
JONWP043 GCF_037698405.1 Skin JONWPO087 GCF_037696595.1 Skin
JONWP044 GCF_037698325.1 Skin JONWPO088 GCF_037696575.1 Skin
JONWP045 GCF_037698295.1 Skin JONWP089 GCF_037696455.1 Skin
JONWP046 GCF_037698245.1 Skin JONWP090 GCF_037696475.1 Skin
JONWP047 GCF_037698285.1 Skin JONWP091 GCF_037696435.1 Skin
JONWP048 GCF_037698225.1 Skin JONWP092 GCF_037696395.1 Skin
JONWP049 GCF_037698145.1 Skin JONWP093 GCF_037696335.1 Skin
JONWPO050 GCF_037698115.1 Skin JONWP094 GCF_037696235.1 Skin
JONWPO51 GCF_037698045.1 Skin JONWP096 GCF_037696275.1 Skin
JONWPO052 GCF_037698065.1 Skin JONWP099 GCF_037696055.1 Skin
JONWPO053 GCF_037698105.1 Skin JONWP100 GCF_037696075.1 Skin
JONWPO054 GCF_037697945.1 Skin JONWPI101 GCF_037696015.1 Skin
JONWPO055 GCF_037697845.1 Skin JONWP102 GCF_037696035.1 Skin
JONWPO056 GCF_037697895.1 Skin JONWP103 GCF_037695885.1 Skin
JONWPO57 GCF_037697865.1 Skin JONWP104 GCF_037695865.1 Skin
JONWPO059 GCF_037697725.1 Skin JONWP105 GCF _037695845.1 Skin
JONWP060 GCF_037697685.1 Skin JONWP106 GCF_037695775.1 Skin
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(B3 1)
[Lles GCF/NMDC 5 SYEE RS GCF/NMDC % Sy IR
Strain number GCF/NMDC number Source Strain number GCF/NMDC number Source
JONWPO061 GCF_037697695.1 Skin JONWP107 GCF_037695695.1 Skin
JONWP062 GCF_037697625.1 Skin JONWP108 GCF_037695655.1 Skin
JONWP063 GCF_037697525.1 Skin JONWP109 GCF_037695615.1 Skin
JONWP064 GCF_037697565.1 Skin JONWPI124 GCF_037700335.1 Skin
JONWPO065 GCF _037697475.1 Skin JONWP152 GCF _037694235.1 Skin
JONWP066 GCF_037697495.1 Skin JONWPI164 GCF _037693745.1 Skin
JONWPO067 GCF_037697415.1 Skin VSEI GCF_003979615.1 Skin
JONWP068 GCF_037697315.1 Skin VSE2 GCF_003979655.1 Skin
JONWP097 GCF_037696195.1 Skin SE54 GCF_008922375.1 Blood
BB403117S GCF_008922545.1 Blood SE56 GCF_008922385.1 Blood
BB403149G GCF_008922525.1 Blood SES8 GCF_008922365.1 Blood
BB403169X GCF_008923145.1 Blood SES9 GCF_008922345.1 Blood
BB405012Y GCF_008922485.1 Blood SE60 GCF_008922265.1 Blood
BB405684Z GCF_008922505.1 Blood SE63 GCF_008922315.1 Blood
BB409909V GCF_008923085.1 Blood SE64 GCF_008922285.1 Blood
BB411089T GCF_008923045.1 Blood SE66 GCF_008922245.1 Blood
BB411582T GCF_008923005.1 Blood SE67 GCF_009026095.1 Blood
BB412943 GCF_008922995.1 Blood SE68 GCF_009026065.1 Blood
BB413468Z GCF_008922985.1 Blood SE69 GCF_009026045.1 Blood
BB413483J GCF_008922955.1 Blood SE70 GCF_008922205.1 Blood
BB417762 GCF_008922945.1 Blood SE73 GCF_008922175.1 Blood
BB418619Q GCF_008922925.1 Blood SE74 GCF_008922155.1 Blood
BB420483A GCF_008922885.1 Blood SE75 GCF_008922165.1 Blood
BB421362A GCF_008922895.1 Blood SE78 GCF_008922115.1 Blood
BB424986M GCF_008922855.1 Blood SE79 GCF_008922095.1 Blood
BB424987] GCF_008922845.1 Blood SE83 GCF_008922045.1 Blood
BB431156H GCF_008922805.1 Blood VCU014 GCF_000626815.1 Blood
BB431437E GCF_008922785.1 Blood LRKNS092 GCF_001658805.1 Blood
BB434495N GCF_008922795.1 Blood LRKNS093 GCF_001658815.1 Blood
BB436056Y GCF_008922745.1 Blood LRKNSI111 GCF_001662985.1 Blood
BB436246W GCF_008922755.1 Blood LRKNSI112 GCF_001663025.1 Blood
BB437325D GCF_008922725.1 Blood LRKNSI113 GCF_001663015.1 Blood
BB437754V GCF_008922695.1 Blood LRKNS114 GCF_001662145.1 Blood
BB438257K GCF_008922655.1 Blood LRKNSI115 GCF_001662175.1 Blood
BB440693L GCF_008922645.1 Blood LRKNS116 GCF_001662165.1 Blood
BB441771A GCF_008922605.1 Blood LRKNS117 GCF_001662155.1 Blood
BB442838N GCF_008922565.1 Blood LRKNSI118 GCF_001662225.1 Blood
BB443408] GCF_008922555.1 Blood Lt3p20 GCF_001658905.1 Blood
MO0026 GCF_000551165.1 Blood M15 2005 GCF _026157025.1 Blood
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[LlSes GCF/NMDC 5 SYEE RS GCF/NMDC % Sy IR
Strain number GCF/NMDC number Source Strain number GCF/NMDC number Source
MO0881 GCF_000362145.1 Blood NGS-ED-1107 GCF_000966705.1 Blood
NIH04003 GCF_000276005.1 Blood NGS-ED-1109 GCF_000966715.1 Blood
NIH04008 GCF_000276085.1 Blood NGS-ED-1110 GCF_000966815.1 Blood
NIH05001 GCF_000276105.1 Blood NGS-ED-1111 GCF_000966755.1 Blood
NIH05003 GCF_000276025.1 Blood NGS-ED-1117 GCF_000966765.1 Blood
NIH05005 GCF_000276125.1 Blood NGS-ED-1118 GCF_000966775.1 Blood
NIH06004 GCF_000276045.1 Blood SHO03 17 GCF_002799485.1 Blood
NIH08001 GCF_000276065.1 Blood SHO05_16 GCF_002799505.1 Blood
SE48 GCF_008922455.1 Blood SH06 17 GCF_002799565.1 Blood
SE49 GCF_008922445.1 Blood TMDU-128 GCF_024204725.1 Blood
SES3 GCF_008922415.1 Blood VSE37 GCF_003956755.1 Skin
TMDU-137 GCF_024204745.1 Blood VSE39 GCF_003956885.1 Skin
TMDU-190 GCF_024204765.1 Blood VSE4 GCF_003979705.1 Skin
VSE36 GCF_003980285.1 Skin VSE41 GCF_003956805.1 Skin
TMDU-265 GCF_024204785.1 Blood VSE42 GCF_003956875.1 Skin
TMDU-300 GCF_024204805.1 Blood VSE43 GCF_003956905.1 Skin
TMDU-302 GCF_024204825.1 Blood VSE44 GCF_003980205.1 Skin
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Figure 1

Comparison of the basic genomic characteristics of Staphylococcus epidermidis strains from different

isolated sources. A: Genome size of the strains; B: Number of CDs of the strains; C: G+C content of the strains.
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Figure 2 Cluster heat map of ANI values of Staphylococcus epidermidis from different isolated sources.
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Figure 3  Core-pan genome set of 373 strains of Staphylococcus epidermidis, proportion of related genes, and
annotation of functional genes. A: Sclerotio-pangene set of 373 strains of Staphylococcus epidermidis; B: The
proportion of core genes, helper genes and endemic genes of Staphylococcus epidermidis from three isolated
sources (1: Blood source; 2: Milk source; 3: Skin source); C: Annotation of functional genes of 373 strains of
Staphylococcus epidermidis (C: Energy production and conversion; D: Cell cycle control, cell division,
chromosome partitioning; E: Amino acid transport and metabolism; F: Nucleotide transport and metabolism; G:
Carbohydrate transport and metabolism; H: Coenzyme transport and metabolism; I: Lipid transport and
metabolism; J: Translation, ribosomal structure and biogenesis; K: Transcription; L: Replication; recombination
and repair; M: Cell wall/membrane/envelope biogenesis; N: Cell motility; O: Posttranslational modification,
protein turnover, chaperones; P: Inorganic ion transport and metabolism; Q: Secondary metabolites biosynthesis,
transport and catabolism; R: General function prediction only; S: Function unknown; T: Signal transduction

mechanisms; U:Intracellular trafficking, secretion, and vesicular transport; V: Defense mechanisms).
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Figure 4 Phylogenetic tree based on 1 267 core genes of 373 strains of Staphylococcus epidermidis. The value
of 0.01 represents the sequence deviation value, the number on the branch point represents the confidence value.
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Figure 5

Related information of 373 strains of epidermidis staphylococcus drug resistance genes. A: The

number of resistance genes between strains from different isolates; B: Heat map of the presence and deletion of

antimicrobial resistance genes in 373 strains of Staphylococcus epidermidis (0 represents missing and 1

represents present).
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Figure 6 Related information of 373 strains of Staphylococcus epidermidis virulence genes. A: The differences

in the number of virulence genes between strains from different isolates; B: Heat map of the presence and

deletion of virulence factors in 373 strains of S. epidermidis; 0 represents missing and 1 represents present.
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