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Abstract

Study on the characteristics of intestinal phageome and its related drug

resistance and lysin genes in weaned piglets with diarrhea

Pig breeding is an important industry in China's animal husbandry. The high
incidence rate and mortality of post-weaning diarrhea (PWD) in piglets has brought
huge economic losses to the pig industry. The factors that cause PWD are complex
and varied, but they are all related to the imbalance of intestinal microflora. In
addition, 96% of the functional pathways in the macro genome directory of human
intestinal microflora also exist in the gene directory of porcine intestinal microflora.
Therefore, the intestinal microflora of weaned piglets has attracted extensive
attention. In recent years, the study of viral macrogenomics has revealed the virus
community in human intestinal environment. Phages belonging to prokaryotic
viruses dominate and play an important role in maintaining human health. However,
Studies on intestinal microorganisms and their correlation with diarrhea in weaned
piglets mainly focus on bacterial components, but no reports have been found on the
intestinal phageome in weaned piglets. Phages and their encoded lytic enzyme genes
are considered to be a promising alternative to antibiotics. Therefore, pig intestinal
phageome may be a potential library of biological agents. In addition, due to the
widespread use of antibiotics in pig farming, the pig farming industry is considered
to be one of the potential transmission hotspots of antibiotic resistance genes (ARGS).
As an important mobile transfer element, phages can promote the spread of ARGs in
bacterial communities through lysogenic transformation or horizontal gene transfer.
However, the distribution of phages related ARGs in the gut of weaned piglets and
the pathways and drivers of their transduction are unknown. In summary, it is of
great significance to reveal the intestinal phage community of weaned piglets and

explore the relationship between intestinal phages and diarrhea as well as ARGs.



This study selects natural cases of stress diarrhea in weaned piglets to identify
and select healthy (4) and diarrhea weaned piglets (4) through the score of piglets'
feces and the observation of intestinal tissue pathology. The contents of ileum (small
intestine), cecum (large intestine) and fresh feces (rectal contents) of piglets were
collected as study samples (24 in total). The total DNA and virus DNA in the
samples were extracted separately for metagenomic sequencing, the following
research results were obtained:

First, the sequencing results of all piglet enterovirus genome was analyzed, a
total of 50756 virus sequences were identified, of which up to 99.88% did not match
the virus sequence in the NCBI-NT virus database, indicating that the piglet
enterovirus group sequence was highly novel. The annotated enteroviruses are
mainly composed of Caudovirales, Microviridae and Smacoviridae virus contigs.
The analysis of the abundance and diversity of virus in different samples showed that
there were significant differences in the enrichment and diversity of virus species in
the ileum, caecum and fecal samples of healthy piglets. In contrast, diarrhea changed
the distribution and diversity of virus groups in different intestinal samples of
piglets.

Second, the relationship between intestinal phages and intestinal microflora in
healthy and diarrhea weaned piglets was analyzed. The results showed that the
abundance of intestinal Microviridae contigs was significantly higher than that of
Caudovirales (P < 0.01) in healthy and diarrhea piglets. Compared with healthy
piglets, the abundance of Caudovirales contigs in diarrhea piglet samples (especially
feces samples) increased. The composition and species diversity of phage
community in ileum, caecum and fecal samples of healthy piglets are very different.
Diarrhea led to changes in the species diversity of phages in these three intestinal
sites, and the community structure tended to be more similar. In addition, the
intestinal microflora and intestinal phage community of piglets changed in parallel.
However, the abundance and diversity of phage and the abundance and diversity of

bacterial flora were significantly inversely correlated under the condition of health
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and diarrhea in piglets (P < 0.05). Among them, the phage community with
significant correlation is mainly reflected in the Caudovirales taxonomy. However,
the bacterial communities with significant relationship include Prevotellaceae,
Lactobacillaceae, Clostridiaceae, Lachnospiraceae, Rumococcaceae,
Streptococcidae, Enterobacteriaceae and Bacteroidaceae, which indicates that the
change in the correlation between intestinal phage and bacterial communities in
diarrhea piglets is limited to specific taxonomy. In the result of phage-host prediction,
it was found that the host matched by higher abundance phages was mainly some
common pathogenic bacteria, and diarrhea caused changes in the abundance of these
phages in different intestinal sites. In the sequencing results of intestinal microflora
of piglets, the relative abundance of these bacteria and corresponding phages
changed in the same way. In addition, compared with healthy piglets, the diversity of
polyvalent phage species in the feces of diarrhea piglets is significantly higher (P <
0.05). The matched host bacteria tend to be common pathogenic bacteria, such as
Campylobacter,  Streptococcus,  Staphylococcus, Enterococcus, Klebsiella
pneumoniae and Salmonella, among which Campylobacter and Salmonella are
common pathogenic bacteria for diarrhea. In conclusion, these results show that
piglet diarrhea is related to intestinal phages, which play an important role in
maintaining piglet intestinal ecological health.

Third, the intestinal phage-related ARGs of piglets and explored the potential
pathway and driving factors of phage-mediated ARGs transfer were analyzed.
Through comparison with CARD database, 112 ARGs were screened from 59,955
phage genes. These phage-related ARGs mainly come from the caecum contents of
piglets, and the abundance of phage-related ARGs in fecal samples of diarrhea
piglets is significantly higher (P < 0.05) than that of healthy piglets. According to
Spearman correlation analysis, 11 ARGs were significantly positively correlated with
Siphoviridae, Podoviridae, Myoviridae and Microviridae, respectively. In addition,
303 MEGs homologous genes were found in 59,955 phage genes through

comparison and screening. The number and relative abundance of transposase genes
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are the highest, followed by recombinase and integrase genes. Consistent with the
distribution characteristics of phage-associated ARGs, phage-associated MGE gene
mainly comes from cecum samples, and the abundance of MGE gene in fecal
samples of diarrhea piglets is significantly higher (P < 0.05) than that of healthy
piglets. It is noteworthy that a total of 18 phage contigs (including a polyvalent
phage contig) carry both ARGs and MGE genes and are all annotated as
streptococcal phages, and there is a significant positive correlation between these
ARGs and MGE genes, indicating that the co-location of ARGs and MGE genes in
the phage is related to specific phage host (Streptococcus). Importantly, the ARGs
sequence fragments encoded by phage genomes and the sequences of multiple
mobile elements such as plasmids, ICEs or transposons in various bacteria (including
Streptococcus) in the NCBI nucleotide data showed high collinearity. In addition, the
phage-associated ARG (ANT(9)-1a) expression strains in vitro showed resistance to
antibiotics, which proved that the piglet intestinal phage carried ARG with real
resistance function. The above results show that piglet intestinal phage group is an
important storage and mobile carrier of ARGs. The phage-associated MGE gene is
an important factor affecting the maintenance and transfer of ARGs. In addition,
diarrhea caused a significant increase in the abundance of phages carrying ARGs and
MGEs genes in piglet feces, and a significant increase in the diversity of polyvalent
phages (phages with a wide host range), which would contribute to the transfection
and wider distribution of ARGs in bacterial communities. It is worth noting that the
predicted host spectrum of polyvalent phages in diarrheal feces tends to be potential
intestinal pathogenic bacteria, which greatly increases the risk of intestinal pathogens
acquiring ARGs.

Finally, a total of 75 phage lysin genes were screened from the predicted genes
of weaned piglet enterovirus. Based on the identified multivalent phage sequence, a
novel and predicted gene of Streptococcus phage lysin (Lys33795) was screened.
After the lysin sequence was synthesized, the vector construction and protein

expression were successfully completed. The Iytic spectrum, pH stability,
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temperature stability, in vitro bactericidal activity and biofilm scavenging ability of
the lysin were determined. The results showed that Lys33795 had a wide spectrum of
cleavage, not only had cleavage activity against Streptococcus suis, but also targeted
to cleave Streptococcus lactis, Streptococcus equi subsp. zooepidemicus and
Streptococcus equi subsp. equi. Importantly, Lys33795 showed high bactericidal
activity against multidrug resistant Streptococcus suis and was not easy to induce
resistance. In addition, Lys33795 can maintain its lyase activity in a wide range of
pH (pH = 3 ~ 10) and temperature (4 ~ 45<C), and can significantly remove the
mature biofilm formed by Streptococcus suis and Streptococcus equi cultured for 72
h. These results will help Lys33795 become a backup clinical drug against
multi-drug resistant Streptococcus suis infection.

In conclusion, this study has greatly expanded and enriched our understanding
of the intestinal virome (especially the phageome) of weaned piglets. It provides a
reference for further revealing the succession of intestinal phages in piglets under
normal and diarrhea conditions, and provides a basis for the prevention and control
of ARGs pollution in pig farms. And it provides a new idea for the micro-ecological
prevention and control of piglet intestinal diseases and the mining of new phages and

antimicrobial proteins of multidrug resistant bacteria.
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ZBRKIIFEN o 5 5T B AR HE R RIE KDL T WA 75 B 3 Tl A P A A R 22 R 1
(300, gy 3 ol 0 A 25 2R G0 Ak b T DI A o BB 2 e 0 32 2K 2 S 36 8 8 i 7 FE) R
Ko FLERAT R B BT B B2 52, 2 W 301 18] B R SRl 7T e 5 B0 A A X
et

F7 FE D ] BB AR B AT 8 2 S 3 8 o 6 B AR ZE SO M K AT i o
PR R KA (ETEC) AT 48 Wi 9y Ja IS 0 2L Y, REl ettt 50%m17
BT i AL TS SO B B A RS R R T AR S, R AT R
BEREE. H—J7m, HEFNARES 4 ERNSTARZSET %R E ETEC F4 ik
(R AE TR, TR IX LS %052 ETEC F4 P, S5 805 L, ETEC 5Bt
B HH A B 2 R R (1D



F—FB LR B LT ATHBWE IS RS hiE i A # A X ARGs AF it &

Loss of bacterial diversity

Symbiosis Intestinal dysbiosis Postweaning diarrhea

[Binh 3aweeks it MM

Trends in Microbiology

Bl 1 BT AR A B RO A iR R B E i KT
Fig1 Impact of Weaning Transition on Piglet Gut Microbiota and Expansion of Infectious

Agents

13 AFEWTYhE RS B TR 6

1.3.1 EEBIAIEMENRE

WEAE B R TR 1, (BIRPUI & AR X R M A S, JF HAEA i)
RADJUE A Z AR N B R IR, AR, SRR
RERS M T ALIE, HPEEEN K E iAW AAL N B I E S R g H bR A T
Ao X IR B 127 UL R AR O RFAIE, R SedE DR SR S P i w2 i, BER
BRI N P TN 3 - P VA L 2 S 101 k7 i R e L 8 1
TR AE IRV B ) ) 024 A R 2 B0 PWD BAEPI AL B ZE R 2, B, e RmATE
FEWTWHT A SR I R IR ). — OB e R, S30H PWD shWitt, &
PWD (X HITE BTG BAT AN IF P SE A MO 3950 PRI 2 R, I i i
(RIS AE VIR B AT SN, PWD 1) By Jk ko e XM “ TSP A A A0 PR AL s — 1 i
AR o

DA FEWETUI ) LRR IR S R J XA IR, B, dSnas 4w ssdeim &

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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BRI AL X FPIR YT NAZAE A A i 1) 5 AT (M 2B R R ARIEAT) - DRI,
TEBER GRS IR A — o (8 A7 1 v %90, S 5 J5 (S A S, i
[ B 78 S 14 250 L o S W 2L RS RS TN A0 L A el A [9F TEE 3E A FLA
B PP B R TR S AR . BRI, RS BERE Il A D A 2 R ) SR
WS AR A e R JE A S E S TR, BDRL S SR AT SRR AN S B AT LR AE A
A LRl HRTE AR AR B IR AR R B AR Y, IR S A R
T E AR RO 2 DASCE I (BRI AR BT T AR, AP R )R
Z IR AR PR I e R B, B BEE AT 58 i B s S i A DR S S, B
AEATREAN = H S,

1.3.2 TEWTYIET (R iE B

Bk

A W I B S 35 R RAR 22— SR ARk Lo A FE PR AR A o BEFE W) 2 B2 LUK ) 9 B A 1)
TR AR E 2 R SR B R EUR . AESEERD, U IR At sh i), EH 2T,
BRI R, DARENTGERZAE IR, AR D E TR kb 7e, TR
ABEF I HeAh, IS RN T AR A B 1 R K AR R
(KIS I A6 5 (0 ol 25 A AT T A il (1) Jleil (T 1, RS VRS A S W et BT
ARG RIE, AN AL AR A3 S e AR &8 %, JIF eI
TEGRAE VR RE S0 L Hh AR 2 T W I R AR I T4 . B B R IR — R I 78 s T AR P T
(g U2, kAt SRR FERAT AR, BB RN A R TR, A E BT
BT, R A RN L T YRR R 1,

1.3.3  FHlAgAR R AR A K

PWD [ — 26 B0 JR A2 % F ETEC Bikk, 2RISR FA M F18 1 B H k.
Rl P PWD > B G S S I Le 4 B KT o I IEHLER . B PRk
REEYIE S AR RN OTUREIIR . PERETUR @R TTER). BREAR. 2374
W LPHAERISRNS, DLKFEARE /M pH BOSENE, B0 A BB A T R AR B bkt T A
M e BEC ETEC BUEK. RLEHIg I — @ T IR0 4, AR IEAEE A T/
1697 PWD BT FE R SRS HEAT W 7T« B R B R IR S DU R BCR ERAIE SR H AR ACR
B, = ELEBLE ETEC B KMA TN A s e M A 1A R BRAE VR R AR 15 D0 N 2T
FEM, RONWE AR R SRR 53— AN EL R A S NZ R E e

6



$—F X#R&EE FL1F ATEBEIMIE RN IGE M E S B X ARGSs AT i B

LAFAER] ETEC/ R E /K X B BIS /2 B AT AFE 2 5eki. DRI, dn SR BRARAE
H P ORIE, RSN, BNENTAT e/ N € IF BN . RN, FEEH
WREARIRD MR T 48 22 80 (995 S5 A 7K P AL 48

134 {RHA a4 A K I R B R A

B T BN SER 0 SR AR B LA AR 2 A, o — Tl D S A B ) S (e A
s ZH B ARG, AT IE I ) LA RT B FROATL A 1o 2 b sl b BRBELLE 3 SR AR B A o MRIR 2 A T
i B TCMIE A TO R X R — LE g o R, B GE I R A SR A B (R A 1),
B 2RBRY LR E T HARA s A A K (@34 TT). — BA s e YA i i
S, BT B A JEAAR A R ARG S R — Rl LR LA (D Sl ™ A
P, BIIELER, BEAR pH AE; G SEgevEsERe, RIS S O s P B BELAG R IR
R GiD PRI R R EES PUERMAIRMA ™ (v) EIRTES
GBS (v) fpae s iR (viD BRI RR ERF R T4

135 SBRBIKIET/ SRR KR4t

FEFCI/S AT 18 PWD Uz, — M O 28 50 B B DR 32 LA e e s A
Feqn o 52 2 Wr @i REREN . SEAE AR TR A7 LEXS S BRAVE B, JF HRUE Y 2 e
B KB A AR G B R A TR, ST DS AR IR R, Ao A R
EIRASRIAEL, R BRI S e . RS, W e RO S TR E IR B X B
R 25 2 TR 5 W T 10 B 220 9 6 3 P A ) = B RO, kA, ETEC 4hih i3 39F
PR AT, M A S h B HEA G € S . VR 2 IX SRR R AR AR AR AR SR
SR o 3 L A A A A AR R A R R AR S R al AT LR A 7
J o0 BRI A T e R MR R A 2, BInAREL R aRAERE . R, &
B PUMAEIRR . AR B, AR . F b, K HORMA & B A
P 2 ) G e B A R

1.4 BRI ARGs BF R

5 BRI, 518 BRI, JTCHZMERMAIRE, TR N ER RN
AR 2, KD & i S S e i iR 3R . 518 AR SR 24 P vk ) S L — N2
AN AN o KUK, BrE T2 AT AR KA e b A ia 7 1 A
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XL K AR R T —ANEKIN ARG . B4, 1EALHESS (R ILLE P AR 37
FEAH, Zhu 28 N\ H € & PCR AL 2 149 FUR) ARGs, HiHr AT 63 # ARGs 5% H 1Y
XHEREAMIEL B4R 192 1% (hfED % 28000 ffF (A ¥ Xiao 2 \PIE 2016 4Fiid
AL TR BB AE A 2S5 I R H . Herh ARGs 08B, g i ik Sk =R

KRB, BERRIR % B RIDUIR K261 ARGs 7EAN[F] [ 5 (1 b s A7 78, B S5 AR
9 F GERLA: 00 SR A S S g i 2R R 2. bhAh, wang 25 AP b E T
WA TR 8 T TE U AE AT RIS 25 PR RAE, 45 B oR TV A 5R 708 i i S5 A
EN7B b i v P A E A ] =T e PN E e A B BRSPS /b XY is el [11): D P N e o 17 @ S PS4
SRR 14.7%%F 12.6%, IHAELL S N 94.1%51 87.7%). LAk, ¥, ANRUVNR LT
R % KRR PUERPUEE A (n = 140, RGIZAHEFAKCPENE . 15568
MAFEERPUERUEEAT, A 50 MER SRR R, H 49 M 5REE T
fk, BEGEREBRINSEENEE EEMBEIRE S DI, o, Li % APTRIA %
FERIZH 22N 14 A KA (BF4F 10,000 k) B LML ML TR 504 2 25T T 8150

SRIEFTA AR S s F BRI Z G ARGs (609,966.8 />, 1433 F2klY, J&T 38
PR BB RIS, ORI gmd X R EEPiAE R (W mer, tetX. optrA. poxtA.
gnr Al blaCTX-M) [N 25 HEIIFEA . KZ) 75%[K ARGs B AT st e ot (EZ 2R
KL 4547, R EAMERSOA S b B RS AR Ty a8 I8 R0 Wi e AROIR 25 AT
B~ FEAT R AR IAT 3 2 F85h ARGs [0 AN B s £ EAERNZ, ERASFHET
246 >R EER A R AR RE A T 2 EhiME (MDR) R R AL 5o #r o
FAFFHI(S). AT SGI2 FERA RS, BRElIEfsE MDR 45 Kk H i E
M. Ak, yang % ABAxk b E-EANAR FIHLIX Y 45 508378 K A BR T WCHE R K R Hh 11
Y B IV R AR A SO PTAE R PUMEIER (b/pARGs) #HEAT 7M. 25 R BAE A KEEH G H
T 8 PP IR bipARGs, HLALN 112 Ff, kI EETE 53 & 92 2 A, MGEs, 4
HE IR 22 5200 b/pARGs W I K. fEIXLERER T, A FHE 2R bARGS

W Y = ELORSh A7, AN VR I MGES /& 52 pARGs i [ 1) 32 B 1 [ 3R 5 77

1.5 ARGs ZHNEMFRSIFE S

I PUA R 25 1 RT3 9 A FE RS 26 PEATERATHIN 2454k, DR b A 3R 26 P A a3 73

WAET 25 MRS B 2 JAEAE B IR BRI A B T W2 ARGs, {HiX4 ARGs
8



$—F X#R&EE FL1F ATEBEIMIE RN IGE M E S B X ARGSs AT i B

R SEBR U A A R R A AP0, AT AP R N R (HGT) R4 &6 1523 ARG
BN BA E S I PUE R 2R R XK. I ARGSs AR T 24 R B B A
RYVGERE, 1 HS 5 S0 A E R 2™, EEERR, T
(1] ARGS 1E AL I FEAN B BoAT vl RERE MGE 3K, IF R —Hh 5 TAERR I#2 3 ARGs. A 1t

T AR POLE TR 24 4 A B T AR SR B A T 245 4 A IR g A Y ke i Y [ A
ARGs A[Fl, #3) ARGs B AT mi LK I #6451, . #2350 ARGs [#5#2 12 1 MGE /v %, MGE
R 4 5 R AL B A A 1 6 B Tk O 5T, X e ARG 19 MGES AL ik, %
BT AT AT AR A E K. Hu 25 APY7E 23000 £ M0 EFE 41

£) 980 JiMAE 30 JIABhiniE A e R B P RS TR S P ER S . A5 RS
ARGs MU CRIEATET] ERERE ] AT NIARE D Hi, JEHAE
TRATE R E . S 40 2R 5 ARGs MANR R A AT H . b4k, ARGs i
MAERX A [T R R ER A . EYIRZE T L, DU RPUIEERED tet (M) Al tet (Q) BAK
fefie pu it L D sull J2) 2 5 #8 11 ARGs IR =17, Ti{EJEZ M b tet (C). tet (W) Al
sull. LAk, iT 70%H) C AR 5l ARGS &5 %5 g/ 5 2H Bl A1/ B e g PRI A RE R A7, IxX s
FER 2 MGE R RS 77, IX PR W] MGE {E{2 145 ARGs F# R T1EH .

16 MR RAXBI TS F ARG BT

T HGT X ARGs I MIEHRMIER, 201 HGT [N 2 JERE 2 M4 iw Z [Al )
ARGs 22 fft. HGT HHLi = EAE AL . B SAMRIBEE R ET . Bl 5 BT R R R Ik
AEESHR DNA. X — i R T 52 AR R NI RE /T o B 3B R AR RGN 3, R et
F 1) DNA W BIF 6 3 ILHEHEHS 2 DNA I8k (Clnpikn, PR e 74) .

W R AR AN, WA A2 EAM RSN 6 T &iE DNA #ifk. efl
IR RE ST, TN 22 W T A E AN D20 T i b R B LR T2 IRk, A TR AR )
FEAFRILEYIREE Z [8A2 30 WA AT DB T ] Bl i 1 3% SR IR RN . L1 T3 S
PRy e FE R A, T SR RT3 A4 B 3 R A AR AT By B — BRI AT — B )
51 ARG [ T 4% 2132 52 (A 17, 200 T ik DR PO A 35 R T e 51 8 £ 10240 1 i PR 4L o (1
iR ARGs CLffesh S 1L [T E SR R, MG AR ) SE B H AR s — A
BESE DR, 3K 38 I I R A L2 i SR AN PR W B, TR ) U SR T
W2 ARGs HIRINFAT I EHA (R, AREREAL e tE B4l BEATE ROk, 9
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B B A AT RS I R R (1 ok B TR AR AT B R Y Rec ELAHBGEREE Gl . 3% R B a0 b
SHIBES) IR E ARGS ORI O S fh s £5 BRI — e f5i] H1% i AT LLAE B
PR B2 M TR A7 ZE (D BV B4k (P1. N15. LE1. @20 A1 @BB-1) whft5|CY,

17 MR A B R AR ST A R MGE

1.7.1  JRCRLHEBE A

EAS R h, R R &l A Sk g (K5 T R 4 AP-1 AT AP-12 £p
Fo SAh, RN LOEE R ST, XRIPPRE RIS ANR G SR H
Ty G AN REAE AR S P % T A UM B PR AL T R B AR 2 B A S ) A S0 £ v i R B
B, siE EATR B ks Ll ICE A1) U8 3. esb, SR ik v o (A B B bk KP4aC
[ UkE pRYCE21 1£ blaCTX-M-10 ) b3l &7 — N AWt B AR R0 o SR B (A AR 5%
TCPHERAFT B AHIAS 72 blaCTX-M-10 Bk d 2 fitsr 1.

172 HEETWREGE

PETRER AT (Actinobacillus actinomycetemcomitans) &4 —/N BA UM K Bk 1
Fe a1 A —A> 4479 Aa phi STL Jefh fTR AT R 1A . X ARG A4 m] DUEE 30 53 Tn Joff ke
FUUARRHES Bty kSRR b gRis IR P BT M BE IR mefA fr T i g
TFULR 58.8 Kb 8L G H o H e T A T AR, FIREERERR S, CE RS
WE B R 255 A tet(M)A Tn916 FEJTiF; (ERbAh, HIfESom B WNHE 7 RA SRR
M2 Tno16 FEyT RIS,

1.7.3 Gl g

G ] 26 BR TR R B 1 T DA A5k B0 2 A B A B R IR, MGE 9 ] DA 28 AN () A0 26 (1)
EFRE A YL 0 mec (SCCmec) ™). (Kt 1 i BE7E S5 51 A 20 2 ] 5 25 e A ) s 14
(1) Gl tH R DAIEE ot Wik B A B BT 4R 0 AR 0 A 40 B TR A 1RO 1 00 T 3%

1.7.4 ERFEBEF(GTA)

GTA M E ARk, B AN R g 5L K AL A BEAL F1 BL PMID:23555299. ‘&
MIASAA TR B T S 3 B 1 AR UKL T8 P R AR RS Zh Al iR DNA. GTA CLfE g
oy AR R RE, JF LA o- BB R T .

10



F—FB LR B LT ATHBWE IS RS hiE i A # A X ARGs AF it &

1.8 ARGs {E#EILR

ARGs £ HIRMEL SR NS IB R E . Sl i) — It 7O B, 48 9 MR
FIEM 40 ZAMKEI ARGs 75 NI I 5 Btk 2 I 6 R %o 8 K HUABLAM T 56 R 4 M
24980 Hrh, ARGs {ESIIRI RN R 2 (8] S Ml S, H GRS AR E G 2 18], 2R
J5 R BRI AL QU T 2 16), SR T SPITEAEHE ARGS Hh (I 1E AP HA R U6 4875 T ARGs
BB ARGs (4 B I T AN S B SR OK BIKAEIASG . FEE R 3. fr s WA N REE Ry
SERRTT,

ARGs 5iif5 i ARGs IR I EARIR R LANF T, WiE e igt, AFH
(O3 T T RIPR B s S T R AL € A K= R0 LRI R R AL 2 N5,
R DA BRI BOK A H BB T ARG, R EE, &A1
THEE. PrA R TR HAH BLCHR, AT ARGs HUfLHR. Horh—MRp E 2 g1
et — 0, EfahA R, PUERATH TR R ARG, T
WP Sy, MR B, T, mT R, R s R S AR
2, ML R AT e~ WA EERE 2 7o I XA e ARG (3L )7 AT e fdl
RILHT mer-1 KBFFE R GUESRE A . mer-1 BRI E e s MR E R R, R ERY
FERR NS IE A A BRI, X R T — AN e R et isr™ (| 2).

0

“To the natural environments”

Human activites

. Human medicine
Soil

River and stream Animal husbandry

Marine Agriculture

Wild animal Resistome ?:;2’:::;;;22‘;“’)’
i i ; Gene flow

Migratory birds : i

-\\:lv:::r -Food chain

-Direct contact

Evolution under selection

“From the natural environments”

B2 EFERMAERERE. AMshaoRan®

Fig 2 The antibiotic resistome gene flow in environments, human and animals
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i XMEE F2F HILAMmEEERAT LR

F2F WHISHYGIERE AT TR

Pl S A= D AL AT 8 — AN AN A JE (RIE U, BB KR A (A R o 2 7
HEMRRR) LA T A0 B s 5 miE M E R AT E A 5%, (HITE B
S TPE G BV BERI O HO BB b SRR, R RS R A A AT T
Ao REEAER, $ERRMRE A, SALITIRHIL, JER1E B BT . V2 Tk
T TAFZIIRE MR A . 248K 2 BN iE i B 2 i W v AR AL R, W T A K
UM IR BE o Jor a8 4 B R RE AT B A 2 8] I Bl A5 R AR A2 BB R R (15, SRS 3 th
SRMATE EAR BRI, R, S v R AL T ST RO TR A

2.1 FEERNHZEME

FHHRH (Metagenome), WHRGUA VIR IE R A B oL R4, B AE 5 b S0 E )
WAV A . S0 T A R IRENUR A B TR A IR AL, F A S SR AR
AT MR R R LA, R R A s R R 4% (metagenomics) & — A AR
SRR it T B U E IR AR SR R ZE ORI Fe0s e, BAIN e 23 A ) e SR R i e i S - B, DA
YRR ZREVE . PO DORETETE. AHEIMER R, BER R EY ST B Z A
K ZR IR TE T () A I T8 7 3R o SR P 2% 5 DR 2L S W A B0 U 1
VEREIC T B LK A e T K Sargasso i H AR R A O AL B T A R (ELR
WFFAFEAR KA BR A, o vk, AN i BOK B2 DU RI7E A 7 P (K R IA e
5, B AT G ABI A SOLID JiF{X . Roche 454 £ i1 « HiSeq
M FFACLA K Mumina [f) MiSeq ARLFH, 43538 8 L I0 s kR im s e o, tesh, R4l
TP % 1 RSN B R G A AR LI R R A 22 o 6 TR 5 FE WA 2l i A 5
AT RHBEN Y, AEAFEEVE v A0 S5 4 ol Je R AL 1) B R B P R, T g T Wi A 45 o 2 4R
2% AR TR A A A LR A BT i

2.2 JRBEEFABR

Jpi 73 22 FE R A NFR 2 a2 (Virome), s21E %2 3L R 22 B i3 al b, 55 00A
B T AR H AR T ML — AT 2R 3. 7290 B 2 DAREAS P BT A 998 B2 [R5 4
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FORWT TR B, o S0 RERURL R IR ECEE DAL S5 L, R 46 HL oo B 2 AT AR X = B
U7, LR — PR IUFTR 2 0 2 BB R 0 DB 7R R R AL
W, 3B eI LR R A AR TG RS S ATl B s 0. e e 4L
IV DIVASE I i VWA N i 011 7O L N E A B O N S b e TP e 25
AL, AR T A & B AR AR, i ERRRNAF ST E, Hox
T IR AN R A5 2 A PR A IR AL, {49 20 BEZELTE TE MR ARt 26 0 2108k o W #4
R M A

23 ARBERBAARIKEMER

231 ANEiEwRBAAR

I A TR B 0 2, AR R ER bR T RS A R R A AT L
PR E RS REH S A RE RS, GlERNERES RS BERSE
SERH AR FE, B #E AR ) 2 OV, I R T ARV (1 ELSE TR H R E T . A
RN TE A FH AT 15 3 (K BT 8 1 S R A . HRAN TR, A RIIEAE 1 s 3 E
G KY) 35-2800 AMEMELN R R O, SRR A AL EIRER Y, 97.7% MK mER
YRMER A, 2.1% RIFEEHE, 0.1% & AN E, XEEWRE A A 88% i oA b E bR
W RT RSN N T8 0 B Bl OB DN W B 5 £ UL 8 W T A
(Myoviridae). & W ARl (Siphoviridae) %W H ARl (Podoviridae), PLNJ&ET
R DNA W 8 1 5 NS B AR R (Microviridae) 4RI, AN LA Skt ) i 208 1k 14
PRI, R USSR OB > ), filtn, 78 2000 NMHEE AR AT, 69%
[RER B RRTEE T 2T 0.5%IMHE R, 0.38% 195 B REAATAE Ttk 200600 B & 4,

23.1 EmEREEAERKER

s P I R AR AL B R 3R B0 AR AR B L SRS | AR PR AR - 5 IE W IR L,
WRTHED 7 IR PR R AARAR R, IFRAENA TREA KA. AN R
RAENRE R S RRAER], PO RETXURAR LR AMA B A E 2 M B R . — TR
MW ORI, BAEARRIEA 2 S BOR R AARLUE, (HiZ0 TS RAE ST i) — i R
BT, BT IE R T M N AR AT, esb, s o i A S AR S B R A
BAZ . BR )L AR I R R IR SRAS A A 8 T 4 T o ) S R A R T A ZE e S A LAE Y
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B—dh KAk F 2% RIS il oH ko R R

HJE 4 RWEA ITEW A, FHAELAER DA MR A IE SRR, KRV pIE
W TR AE H A SR SRAS I, 7 P B T W TR A B S e T A T R i, DRUARE
WDRERE 12 AR LE AR IR AT A S AR T AN 4y g 7 SR DR K S R L i
MR SR R IR UL, LIRS LU AR R AR
M ERE S, JAh, SR BB 5K SRR LT B A, 7
55 006U 7 4 T LRI FLAF), 54 P OO AL, I L
i 255 B ) PO R 2 5 O L AR, M ) L 0 4 8 OO A s 5 ) LW
M R EEARALE, JF AR AR ) LA 40 v = 5 NG B 22 248 o i o A Y T P 2 T B
ARSI IEAH SV, B3I 70 2% W Il s 4L 10 2 R P AR AR 1, Tl s i k=
FEAER) LGN, EHEFEWED, EREMARmFE, MEZFENPEETRE. 2L
BEALZH O BRI, B B R Y HERS, Microviridae A Siphoviridae (193 3G 0, ifi
Siphoviridae B3R . R FEE IRR 2 B 7K1 1) Podoviridae. Microviridae #1
Siphoviridae. T Podoviridae ! Microviridae 7624 A Hf1E B (AR 1E 284,

HHT, THRMAGEGRE S RGEERE (1BD), 2 BRI (T,.D) PAK S 2 Fh
N 2 OIS 10 %, g7 1BD AMArh Caudovirales ({1 EE84 /0, 1M Microviridae
F=FEREAS, RUIB S Caudovirales MR 1Y A7 K. e 5 o B B ME—AH G
M AR S FLRRAT IR . MR DA KT A BEER TR R B A S DIAH G, TRt 1R 45 i 4% J 3
RN BB X LGB 1, 35 HH R IR S O B A 5 AN R e A o M 2 N PO it
AR pOTU [ILIUHEER 74T, H87s 1 40 B MR B A 2 18] 52 28 A% A BLAE L, A
FeE T AN G IR AR A BoR R o R A 5 ToD AHICHIAR AL AN BE T 03
fi R 5 LB AR B 1 AL o BT 2 A v R A S Y 4 A - R TR AR ELAE P AR,
FHLE AT BE 24 E A S RGP MR B . JRAE, 5 T0IRE A s i X R ZH AR B, 7
RS PRI 98 B8 25 ZEERE AR PSR BN 5 Z A PER I . AEIX SR, RAWE. Wit
R0 g 3 W A 1y B A1 2o v T 7 T T P K = B2 Y 8 o 59 1 ) 7 R B v EAH R
AR, BAEARIOR AR 0T I 8 i s 2 A A, S A A b, TR A
Eb 451 65 2 A AR,
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THRFEEF R

2.4 FgiEvEE -4 E A BAEH

241 WERRE K] SRuE

WG B A il A G MR AR BRI ARV D R Ao R AT 1 A e 5 34
T Y e v 1R g B TR A T SR e A A B R o s R 1) 4 € A MG T A4 7 1 R
Pirb e AR . W AE A BRI ARR B, AT R A T R NI S A A
TEH N SR AR R R TR G R A (18] 3@)e — LERRBAA AN TR SRR 2 HITEUR, IR A% i 2
TR o RUPENE B O R A ALY, TR AR AR KO HR (B 3b). — SRR 4K,
LW RE, AT LG T A0 OR IR AN R, I RTIEE  7EBURL A 20 0 B R )
FREEE TR ST AR M A (] 3¢ I d).

a b 4 d
o o l I
Phage
IV 4l Iy i i
@) O O O \
Ay LY
DAL DAL
¥ ¥ O Phage genome
S ‘ 5
~ A S A A 8 MO0 Prophage
Ea v v v
S~ o~ ~~ ~~ A% Excision
Bacterial ¥

cell QO mmmmE B QO s B L4 Ribosome
OF -

O pmmm B8 | O mmmm B PO Phage

v \4
EAERE
9 e g o proteins
\gm onbols | 11 9+% |11 o) =
8 Lysis 8‘ > Nonlytic extrusion

Messenger RNA

O
m

O

g@.
bz
N
%
§|
/
\E

B 3. BEEREHIsRE
Fig 3 Phage replication strategy

2.4.2 FpiEWEE B R IE B EEA T N E W

P Tl A 2 M P 224 A P 2 UL e Fe) AT OO A P T J T o T T DA 78 23 M 3K
Pl F S5 HE), FERG R P 3 SR SRR T R Al X P o W B At vl IR ARG B 19 RO RG PR
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B—dh KAk F 2% RIS il oH ko R R

Y TE S A DR AN i i 5 R P SR R AR 2 P AE ISR A e 4577, s 50 R SOT 4R S
RS AI A REAL, XA A5 A0h P ) 3 W s AR 400 o i - 2 [1) B8 R A K AR S AN AL 51
DI ol B A B AR 5 i A0 T AT SERON R T R AT B T VT A AR B A T A
IRE

2421 WEREESRIREM AR

Wik A A3 T o] i TE S AR DL ZE ke S5 A AN DI e IR DR IA) R s i N R A « i
T3 REAA [ 2425 55 1BID 975 £ (100 400 B A 25 2 VR R P T 26 M 5% 5 2 RV sl s vk 4 i e .
7E 1BD &3 Pk 1 Caudovirales Wi & 7 BERG DN A ¢4 R, A P ERERM AR UL
PIAHAACH PR, IR EEMBR #H 5 R T . BEAh, RERESKE UC &
PR AR 38 1 BB A E DR AL R, FRIGIN 1 NSRRI REAE 5/ BRI 45 i % P B A
B, B 7 4G EANBE AN, B B AR AR AT DA B B A s AR R AR REVE . i,
FUNE 8 B R v W 4 P R TSR 3L 5 SR BR B VI B 430 R G A 40 ik
b, BRI B AR AT LB IR RN 5| A TE A B e A%, HG e R T A 3 4 R T 5
SR, B 398 R 17 2 S R R I R AR,

IBD &k 3 WANE, 4 Faecalibacterium prausnitzii, J% <> ¥E/R207, 4L aTrmF
Foik i, SEHE AL, 1BD B FERE AT 1 Pprausnitzii W & 4 1) F B2 84T R
JIT S0, 326 W LR P G B 2 A1 3 (O 0 9 % DK 2 IR i S RE IR E AR 0561 . 55 1BD £
FHIPRBEAAAILL, 1BD BH MR IR o 2 RS ZE TR R, SR, Ein
IBD ik B AR, T AEAZ o Wk T A2 i i U390 ANV IR B AR R M S 0L T R
Forp ARy S % 1 5 3 AR AN R T (A AR U TR AZ Do 4L, KA S RER— T 5
FONRE I M MR BE R IR R P, A, P T R s s i s A & SRR T T IR
B (STm) JREER 7 SopED 17 S0 3  JE 5| K HOOA0 B8 L IR B 25 5, et
TIRMEE RIS T, 5 B B AR AR SR R G
24.2.2 FRlEWETE AN ITYG A E BR KW

— i F AT LA I 22 g 42 SRR Ak £ 2 r O i O B R A B R B SR I T
I R A PSR o B R A, bR b AN AR, X VAT MR
RN, sARRE R AR o WREA R AT DL AT AR, Bk Mg ke, BLAHIE . B
s PRIESE FEASE, HERW. SRS, WAL BRI AEAR R0
FHEAERS, AT i AR A B 228 S5 S T I B B 7 7= A (B 4D b, ZEDE3 rh (1 4
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Fig4 Direct interaction between phage and immune system in steady-state

o7 T A L R 2 A AR T 809 A R EL R et AR = B A T 2 2o b 45 B R
3 110 5% J8 , LA 0 ok FEMO2) L ey % B O ARG T B P 1YL 1 B PR (1D
ROUg 2 AR PR (T,D) MO, i3 38 b mT ehy Wt 55 3 A BB i e ke, T
51 5 BN A28 Ak 8 B P O T W T A S A 1 B R AR BB R . A
Caudovirales, #¥7/2 Siphoviridae Ji 55 ZX i (KT N5 5 i iCAZ A PAT T LD BE R i
A%, i Microviridae 7KFHIINH 2108 RILH AT RE 13280 AALLZ R, RAAFKLE
[ & Siphoviridae R PIBFRS IR B0 1 /N BURISEL R 1E 12 e, 10 7 Jdd v i
X AL B IBRAE S o IRANIE KA R B AR ToD 55 A B e I B EA R ERT, £
T.D BRI IR B FE AR RUE T, 5 & TR R AR SR
PURIF 51 A Bw ki o X S q5] 5~ UE S 17 M TE Wk T A A R 1328 Ak 8 o b R s B2 1
N PPAR W B AR S A AL R I DDA SR R 2P I

2.4.3 R A IE K2 R e B R T

W A RS A B AN AT SR R AL T K 2 RS RGP A R 4. ENTa BT
EERTS . e BRI . B R AN 30 HGT, W R A g EAR IR ARG
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Fo—jh  XaRERE B 2F  vRILAN A IR W AR AT TR

W BRAF I ThRERE DN, A A 3 R IE B L 3100 107,
2431 WREMAR B AR S IR

Wk AR AE AR P HEA e AR, PRI R, IR NITE . R B A e g A
AR5 25 A (KR o FR 200 PR PO OB P R DRI A, W R R SRR VT R A 1 5 S5
ad,  WRER AR AT DL A AL VR 25 4 Bl A9 B0 1 bl B EAE I 9B Bk K. STEC 2 —Fhilm R L
HEREIRIER R, Ear ARSI R BESE S ARSI AR, R EN AT RS, X2
I BT PR ) ) 7 B 2R IR (1 PR IO, i 2 A0 P AT I R A AP 3, T
LN FECZIEGAMA BT BRI . 7E 43 €M AT TR T AN LI B A5 0 B P W SR B 2 Y
FRENN, TR SR AR R AR E L MR VR AR T DR T
FAEAMML A R R T, B, AR Sope 4l sopE RN R H I AR HE 70T
PR A IE N M L Bl o W T At T DA Bl s A TR 45 A (19 40, IR AR K A
PR 35 W J A k) L 165 0 40 A P B0 1A, e o 52 o R e S B A B PO B L a9 AR
FRR AR AR R . HeAt, R ART DU I R B9 1 Dy BR] 7 1) 2k R R Al 2 240 1 1 B0
Pho HEARIE, G A I T B 2T A 4 S8 A P 0 2 R B T R K T R S5 A R ) 2R )
FETER,  ANTTTHE It 470 A6 28 A0 K FRURE B JI R T, T R 05 £ 2% A1,
2.4.32 EBEAART i 4 T i 247 14 RO

WE R AT LA S HicE B 253 0 EE RS . B, Marta S NOURGE, Sz
R B s B AR R ) B- PN BBE A2 (K] bIATEM 1 blaCTX-M9 1] LA [ #4688 B3R5 73 B4,
T 35 FR) <6 B €00 1 46 AT TR BRI ARON R T B R I 245 1 o IR AR B R\ i 28 VD T IR
T B PR T 2 0 R TR 24 35 R 3 5 1 2 B A0, — TG sh i A h A K SN IR R
BERTELN GG N A E T BT 7L R, FEPUE RS W AR IR R 2 ) T o KA s . XA
P R o P LR I A o) & 245 2P P AR AR NE T 24 6 R, O B i 4 LA 8 S A T e
TR AT 245 Bk £ A £ 2

244 WEHEMGE RS2 BIFAHEIERA

W B A R E A M S LA A oy, TR SRS AR AL e T AT B 7. Al
AN RR) < 0 2 TR T R R P T T A 5 70 J L B 0 Y A S 7 R S  S BE ON
WK IL-1. IL-6 RUFSRHRAEE T (TNF) M, FAaibinmA & g2 (LPS) 1Y
K IAT B Wk 1 1 o} T 1 /N BREEAT 1 IRIE T S B0R YT /N R K Peyer BE 72 4E IFN-y (1] CD4'T
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MR CD8™T 4R 1™, ML3 Wik B A T fil R -0 38 72 A AR/ BR S B2 9l T 2 5
AL R EIRT, FUAFEE . KA AU R B R BE 5T toll #EA24K 9 (TLRO) KAk
BRBIE IFN-y, AITTINRIS s 4 M3, RAS ek, W o255 s 117, eA1E% B
BERMERIEM . X T4 WER R B RGEREM AT ALY, 2R N 220K 2l
T A AL BRI, LPS 53 1 A0 A 122 A% 1 4 i 2 1 Y™ A s VRS (ROS) ik
AT A, W B A B I R A SN T NF-kB s 230k ) SRR AR T 41 i
(TR A RSB, 7 B 05 b 77 7 P L BT A 3075 1 st et o RTS8 4 2 0 4 %8
V), AT DA A TR S AP R e i@t Xt B I e AR R R
FIMER, TR EA TR Gl E Y2 R T 5 30 A S R e B S R, R AN 2E

S P

25 MhhiEwREAMAERE

SRR IR, 125 N1k, AR ERFHRTI AR D, R TE AR LA R
FAIT 5T 0T B 2 i 45 T 2

Allen %5 NWFFE 1 HRIMTLAE Z00 8 T DA A E A I TE W T AR RIS . 2010 4 ) — T 7L
CHOLS M A AN 2 5| s i 0 Wt B PR RN 1 B V4 PO 6 s B e/ Bk b e T
ARGs, % i 25 PEAMAER R R, BRI U E R IR SRR R A . #Zy
IR BE T A IGEE A R 5 l e h Jie EAT 0) =F BEE A v T OR R24 7  F R A ARE  D
B, RHUAERRIT IS TR SRE AR S AT SR, 2B R D W A
& GliE#) SRR, BIREAE OEYD BN FER TN, SORE 7 FSRMEY A P A
A RIEEESHE . B2, SRR T IEIE S R G801 BV R AR
SO, TR TR A R 5 R AR R AR B R

B, Allen 5 NVIZE 2017 450 7 3 BRI 21 52 DA T B} R (026 B8 s e
FRFRE GRS MR MBS (FEE dsDNA 4D KA N 520 .
IR FIG fam (ZZhAEREFFF]D A1 SEED T RGEEE, MWiAEMZERRNA.,
HAMPREEA AT 7R, DU T RHERTAE R Dh e . S HUBEY) FIG fam VERERY
B ZFEIERS, FESIAPUERSG 2 K, WA REVE R AR KRR B 5 AEY)
MR L KA S PR TR RNA AR R 5 5T AR 3AH 58 FIG fams BIRERIA KB . A i
f, fESINREZ G 2 K, LA RIGIT S8 WA I R T A B BOH S ) FIG fams
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Fo—jh  XaRERE B 2F  vRILAN A IR W AR AT TR

RIS RERIL, RPPUERN SR E RS T MR & DNA B4, 2T e b ki
LB YRR ER . A IEREFN B- N IBEHE R PUE BRI 25 2R B, (HIZLERE R AR A 2 B
HIN BRI TR . B2, SHTEIRERY], PUER SRR IS A AR R K
AARH L JB 0GR T 5 AR 20 T 7 P e R ) A e 2>

B, Tao % N OIS S LI 17 #2610 -h DNA I RNA R SR 4LEAT TR 5C. 3T
DNA Jii 2, JEY5 MM R AT B3 RO 2 & T RRAT A%, T 4LeT
RS ERETET] W BREKF LA REZER. A, B RS RS
f¥4# 1) Shannon Al Simpson fREAEAL TN 70 FKF EIRE Z R . X T RNA JiEE, K
V5 T AR I E B R SR AR KT LB K TR R, TP I AR
BAET. N, BHARDKPF ERAEEZR . SRR R, BA RS R
FETT A B RPRE K BB R A HOR 35 B m, MAE RN /KF LA 224k . E4h, Simpson
FREAE T IAIREKY AR S IS 0 S W 5 op B 25 080, T e HAR AR 73 K 3%
AL . g BERI RS T3 34755 2445 b DNA R EEFT RNA T SR E7E T 22 53 K F
A REESR . XTI K ) DNA %8, Uroviricota. Nucleocytoviricota 1 Peploviricota
Sl BT 5 288 P i = E9% F, 10 Uroviricota. Nucleocytoviricota il Negarnaviricota /& i
VSRR SAE T I F BT 5 . 7E H/KP R L, (@ B8 38 P i) 1 29 22 Caudovirales,
Algavirales 11 Herpesvirales, i[5 1F5% 3+ 2pi 2 Caudovirales. Pimascovirales
Al Imintervirales. 7EFIKFZMH_E, Siphoviridae, Podoviridae F1 Myoviridae & FEA1 i
AP IAE T I F 2R R BT b, A IRBH R R & FV3. crAss IR T 4% crl16_1
ANFERT IR R 1 FP_oengus F& i HEAT 4% FE(8 I E 2R B8, U254y IR TR R IR 18 7R FV3.
AR cr116_1 MR {A or8_1 RIS IEH T2, RUITCR R EBEERIRE T

W, SERE AT A E KRR .
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$—k X#kiER FI3F HERE AL RARE MRS AR

B I3E BENRELHREERER Rt R

PUA ZRI 24 V05 SR AR ACBA 3, 1% e A R AN R AR 2 B 2 AR R T AT e
By E R B LA B 25V G ST R B ARG E RO 2. W T Pk G
(IR R — SRR K AR e, R THAMNI A PUE 2 . TR, X AR K]
Hpp S AERT A0 TR JI RS Z GO LI T 52 B RHE 02 5% S BERR T
I B2 g T RE 2 T — N IR 2R

3.1 JEEREME

FREERRE A — PN B IR AR, T S EOE AR AE R IE 2% o LRAh, R BERKER
IR A TRV 52 BRGSO BB R PR . i8R 2 A RO 2 v R T I A
s At AP R . bR SESUE R VER L, IR EEREIE . JHEER
VRS 265 P8 PRI A ORIEAE 2 Fh 2 AR, EL B SRR AN ST A 3 IGH B 17 2R DL R UAE R AL
IRAR . FEEERRTE 2 A A 5 AT SN AL AL . V72w A2l (B AT 1 22 P
THARMZGTERI IR LU H 2 DNA B RE . R, R BERR T AT DURGE R4S 2 JLi
2. Behh, FEEERREE AN IR, XL E a2 ML A AR
W22, JEERTEEYRNAcH. B, AR ESREEHmIA R WA TR
FEBEBRIRO UL 37 AR i 24 TR B 32k AL AT REA BT IF S08 P UM A 731 B4 6K

LI R Y
3.2 MHEREWLE

321 ABHBWREMAE

FEBEBRR A IR W E RN — 3873, TOREIRE fa T8 1 EPIRE, BRIk S
P AN S A o AP P LA I /KT ANt ELARAREEAT SE R, 707 ph ™ A 0 A £ - S e A
-FHERA SR, EAEFAE 100%. SR1M0, A RERRE T AR I FEEA M. OGN
PP RGN, B RS FEORKIAA, WREIME. MR, R iR, HE
FEFET, 1 R R IB I e R S D A e R N LD IR . Uk, R BR 27
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2Rz I T, EAEEEN . DNase SRGMBEZ, IXLLHA B T16 T 0 RS REEE
i EARARE IR AENRIRE T, FEREER B Al AR R PR TE s 23 e CRpo 2 S A
BRI BRI 0 S WP SR B AR ) X R e B i . DRIE, SEBEBRIE AR — L
95 A T2 R A R Y 5 AR () R TR A5 2 A BR A IR RV B T IR B 2% 1) 2
Ko dEfditt, AOWFRAE 5%E 20% I8, (HRXAEMXIARZ FARKZESR. ERESR
K&, AR 4 F 12 FERAF BT I E BRI, E W] g R A KIS . KE 70%
HUBRERIE R R G RPRHI LIS & K P R AR FAE T4 A BN 2
Y5577, AR AR 2 el D A SR I v A 7 AR

3.2.2 JBEEIREXT ARGs HIMETEMEER

WHREFRBEIHAN N/ ARGS I B A7 2, X e SRR fE AR BE PRI S v e b3 =2, 1l
A BUEIE HGT #eds B ABAR T oA L2 220, fr Bk 1 o S X0 MGE 4353, ARGs. 1
LI — T T, ke T 26 R ) L7 25 T 24 H BRI 4 B PR ) 214 AR e e
fFTH ARGs #i T MGES™#,

3.2.3 FEEERREEVIRAET 2 EM B E MR A F HI1E A

Z

C

RV T G N T A0 B AR B AT SRR 21 . AR KX — R R LR L
HISIEH, XEEHLHITEAN AP 22 (ML TR bR R BN, e IR T LR A
B, AR LA R A R 4L,

3231 AMBENFPERHZME

LRI ) TR P TR S e A A 5 R R P 5 B TR 1, K — 0 R A I T 5 1
K CEFEHEE. WENEE) N FMiEsh. HRERRE Al L= w0 RS E,
AT M RS SRS G )5, BULIRIR R AN, WafEARSEGED,
FESLASNRE ARG S o IR LE R T A SR B 2R R 2 A B 4 1R 1) A L
15 FH R s 3 P02, SR, (EVE 24U T, 20 R T 252 5 1O R 1 545 R M 4 I R (0 45
T DA B BT, B BEER A thAE I T X — 0O DR, SR A B R0 T A I TR
MR 7 fu A R 2. 78 SRR S B IS, AN A T, R A R —
SEARGH M 20 BT (1 NIRAEAAR, R WA AR T, LUARS s 40 P [ 1200 1) B 5 P A ELAE
TR R T AR ELAE P T B O B - 52 i, i o A e 1) s RV AL 45 S T AR b,
IS A IR R B R R A A . — ORI, B A A MBS B ) A A i o T
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$—k X#kiER FI3F HERE AL RARE MRS AR

PFrEZRM, N, XA R R AR ) F1 AR

XF AR AR T R RS A B R R A I ) R B R A AR s, A R R/N A B
R SRS A 2 ) LA WA A N 3 1) 020 1280, 35 ) T DA K PR AE BB REVE A 40 T R RS
B EIE . Y EKX A HL LR, P ERAEAEMIEN . ST
JE LRI AMAR L, SRR AP R e T BRI BT AR R . 70 HIOkh B2 R 1) 1 40 i 5
Vo AT L, IR E AT BRI . X SEWURAIGE, 0 4w R SR
BRI, A F RS, SRS R0 HiE B R BUR, RO 24t
SSCH R PRI T . BRI, AR R SRR S A R S A R I .

BEAh, M AR BT R SEMR AR 2T R MRAME AT e S A A4 2 BE . DNA R RNA.
AR BEIMARERE T KANER R T LSRR AR TR, TRt AR
WA R MRS 2 hE2 2 Rl B AP R AR o) o EATRIVE SR ZRERY, B4 B
CEEZRE, AFPAEMREEAR . AT, MAMSER P AER RS L 20, B
R, 22 smZUSE AL LA FR A 32 1 . B T M4 2 hESL, eDNA J2VF 2 41w il b J
JRHIAHIR R, B E LA 2SR IR . eDNA J8id 2 5 5 B 5T iR B AN A= P 1 45
K s Bt AEQEER T AR A B T i 3 AR . Ak, eDNA AT LA 50 HiiA:
FIMZ . TEREHETERE R, eDNA H477 8 % Wi 2 tER 4 100 #5151, #HHE,
JURR I 1 B BR T (1) AE PR S AP EE T h A7 72 eDNA, ARl A BERR TR . A2 S B IR B A Hh ]
BEERE . W TOBRERR, U PRI AR R T G A P DNase iU,

3232 AMENF ARGs ¥

AR T O K G 9 T HGT, MG 5 1 St R R e . 1Kl J LML 3E A
M. B, AVIER LI Z R L, XA | R R . R AT DS H
M BRI SR S AE VIR, SXMR S AR N 7 AR A bR D B Rk, R T AR
RINZME . FoUk, AW RS ST R 4k B AT R 200 B 2 B v R T 4 T RO AR LA o I q2
BT OREEEERE I T R R R G I R . 1A A VYRR KU RN Tno16 SR 3L
% AT IE I E T AT 1 22 AR A I B 0%, b, eDNA AR A M NI A7 ZE (2
BT EAGERE . TESRRERREE T DA UESE TGRS INE AR . X AT REH B T RARSE
AR 738, 40 DNA [alElifl PBPs &A1 R, mlidm itk 2 Pl i B[R]
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3.3 FEEERREHIBIAGST

PUAER G T IR G SRR m ], JF B TR ek B it E R E 2 M2
(1, EATREANE R, B B-NBEE . SR GBS B-ABIERE &M HD.
ZAE R A AIFE I . ARER. HIX SR HE R GRS AR, XERK
FRIE RS0 1 OB RERRTE RO 251 78 EAMIEZD 80 SRR/ AT 1 kAR TR EEER T 1) AMR,
BefE, AERVE N AMR ZREEAE I (8] RO HERS TG A0 . FEBERR BN PR RN 25 P BN —
AMEFPER R R, JCHORDURRERIS . K3 A BRI AT B i 2R A 2R IO 25 2 AR v A
FEZN, B-AMEIESE . S T AR AN 223 JE mI 2R 25 W T 24 R AT SRR, EEGE iR 3R
WIS 255 5 ETHEaS . X524 AR EA I, RIFEIN 2 = FhAS [F) 28 50 i 18 24
Yo 2, JRREAE I (R RS TG . & AFEIEHE, 48 Hoa 55 AfRiE, CALMEM
NBE AT 22 25T 24 AR A0 5 B R B R s 2 P R X DR L I B R A
FRMZ AN, 22255 N 1999 41 6% %1 InE) 2006 4-F1 2007 4E1f) 23%. XLk
HARRY, FERERRE R — P AR IR . R, PIEY 2 B KA A U R
JT R BERR B It

BEAL, e RN T I R SRR B R, (EHCRAE IR A T B R 1Y
G BEFERT . 2T e IR 7 WSAR R N AR B v 1) 45 1D 0 4 R K AT A R AV AT 4R it
PR B R SRR, 3 AT TR AT, SRR M B BB AR (D) B BERRE
PAERPURR S B 2R G RIERGR SRR 1k, DL i) fER T
i AR K AR TV 2 R I = R Bk . T, IR TIRERT, FETRPT R Bk
R TT HRCRA MR . FERXMIEIL T, 12500 IIRYT S T A 3TV AL FH 9 o DA
G R, MBI R T BB 4, SR R e BRI R 3, I BR T %
B o TR 2 A RSORIE P 2 B TC 77 SR T sl b B R R IR T B, DA SR G v
ARSI R, FERHILUCKTUERPREMA . test, BBy — M3t 407,
Fefr TACH AR BTG YT Fft A G it R . T B RIE RSS2 AR BE BRI 20 5
PRI LA T R AF R RT3

3.4 WERARERRET R

Bt A FR AR > b BUAR SR 25 PR R B IR I AR B AR DU A o L 2o T
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$—k X#kiER FI3F HERE AL RARE MRS AR

T A2 % P SR A B ORI TSI M T B B AR 51 20 SF L, SC T 2RMREII AL 45
HIThRe. TRE. i, #rh/ 2 e VEms i R s (K ShAR it FU Sl e

34.1 BHAEIEEENLR

W T PR 2R (Lysin, SCHEFRA endolysins T virolysin), I B (4B L4 B i 9 bl 0
] A T KT Gt 0] 5 BSG FR — o200 B 7 Al SR AR 9 M08 S A P ) 41 3 4 T 4 L B ) R 2R
5| 7k R AR A T 5 40 o 40 P B T 2 AT S A B AR T 2% R B R 2 [
FHE AP BE S M AFEZE 5, I LA R B B2 A, 2R Bl L A AN [5) Fi 4 47 P AN [

élﬂil: *i] [138] 5

3.4.2 ZURFEEW

BRI FTE 20 O A2 TR O A Tl ) T A SR AR o =2 PRSP 1P T s o ) ) 2R PP
HABHACEEH, 8% A8 N-R g 5 45 14k (Catalytic domain, CD), ifid k7
B34 31) C-A 4t Bk 435 £ 425 ¥ 35(CBD) « IX R HES T LI A8 b 8l 545 224~ CD (& 5O,
CD 7EiE AL EARLRSFIK, FotBE A E ST o AR IR SRS N DI B Rs e B, AR CDs
AT DA 2H A RN AL 2. N- 288 P BE I 8 (N-acetylmuramidases), N- . 2-B-D-
R %) B T BE (N-acetyl-p-D-glucosaminidases) , N- Z. B fifg B Bt -L- 7 2 B2 Bt i g

(N-acetylmuramoyl-I-alanine amidases), B3 PIJIKEESE (endopeptidases). #H%, CBD f&

BEAL R AR, el R A B A DR AL AT A A, SRS TR RARRE S| S IR,
T L T A SR AR — P AL Ao R TN R A SR T KA S A K D) 5
CBD 5 H A A MU BERC AR S, &, MM BRIk s L 7 R ) SR el PO A 1
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Amino acids
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Amidase 3 CBD motacyiogelias
—_— P00 stori
ndopeplidase monocytogenes
R 9 1 Cpl-1 Streptococcus
Muramidase ChBD preumoniae
e ———) Cpl7 Steptococcus
uramidase Cpl-7 (3x) preumaniae
LyskK Staphylococcus
CHAP endopeptidase Amidase 2 SH3b aursus
. ; v B30 Streplococcus
CHAP endopeptid: Murami . gHgb agalactiae
1SA2 Streptococcus
Endopeptidase  Cpl-7 (2x) Glucosaminidase agalactiae
KZ144 Pseudomonas
CBD  Lytic transglycosylase asruginosa

5 HREELE

Fig. 5 Structure of lysine

3.4.3 R ARREEEN PIEERRE BY+ KN A

R A S e A E R R ) S THT SSAM  fd B RORG ISR BV R Jok s L S
JES - BAEAE . T K 22 B HE IR B0 2 B — WAt R T A 2 TR AL S RS, IR WY AT LA
FHRE I ZARRE 710 BUAh, R R HOHE BR T AR AT B BR 1R AR AR, (B
BERRTA IR ZENE CRERR 2SN i —Ffig WAEH,  SCVE R 2 BB e R AR X ) LR BEER
WA SRR PR ITE Y, TR ORI A 3 5 BV T A

W TR AR SRR D B D B IR TR IR LR A TR T Pl . FUBR RIS RT th 2 Ml 51 ke, 3L
HRALHE ) UPREEER B - P05 BEER B TG FL A BR R AN L AE BR R A . 2458 PlyC. Ply700. PlySs2
A1 PlySs9 o H AL B EER T HOIs R 0L, A, S0 ASA2 M B30 [RI414 i Wl 7 o
T 5AFR AR K PTA BERRE (B FLBEBKE . FUBERR B A A ZL s BERR D, £ 2Rt
Wy R, FETE /N RUFLIR A B Hh S A P R B 2 FLR 0 SR A A A
A4 FH AR LAV 2 ML B A R 8 S IR0, 3K — b R R 1 P2 SO R R
PR G TR 51 R 5 B RPIGE SO . 9 T SR — B bR, PlyC 2B AL D — FhsT v B
A, PTG WA R SRR, R ek, MREEAE. RAEgESk. SRR A
ARG, Bhoh, A — 85T B R SR X e BR s iy s e 9, 75
FE R RS AL T, O BERR A TV R AR RO U WA o) AR /0N BR G S2 8 BE R 1 (O el . A

28

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



$—k X#kiER FI3F HERE AL RARE MRS AR

TR Jir 0 T A SR AR IS PlySs2 A UE W T LAY/ B B AT 11 S A GE A o BN, R R 1 S
RN Ply5218 FEAFHE AT 7 IPAL, WLPAVESS o] 2 AR BEER B A IR PRAEIR , 8225 ARG
I P BERR T S 4H, I BRARfE R AR 17K

3.4.4 ZFURESAERE = REMEEIEVES A

MEEER, REBEEARN, AASN BB AT X ARV S (1 S AT 7E 2 N Sicdik . SR
B AT R e s BT AT ER B . JEBERRTE . B R BEER A RAb IR MEBEER T T AR i 0. 4
SR T ATH B o P RBE R B A R IR I R R i AR . ARSI LA RIRTT IR, 2R
i T LA AU B R R AR B ) S BB 6 SS2-4 T PR AT IR IR AL M , 24475 LySMP
AT BN 25 BB BERR B BRI AE AR, 5BRe> 80%. Bk 1 BRSSO, JETERR B
LA S B LySMP Ko LySMP IIHRASZFIEARAER), SHUERBRG IR, WL
PRI AEAEFE,  DARCOKREE M A O SRR TR A P B R IR AR ™ o i 8 Rk 24
B LytA, 7553 Mg it 6 e BR 1 A= Ry T S th e ke ), T el PlyC AR TRty X
GBI RIS, TSR AR B AR 4 W TR AR T AR IR T A A
BRI YA NS 22 IR A B AT RIS (11— #B7r, AR S iR 21

35 RBH¥

WE o 2SR AL A AR S B2 BRI R E, AT IiE B I M o B e 1 g
PiE W R R 5 NS 18] SRR K A B, EET 51k 1 AATIX i AR L ik . HAl, %
TR B A I TC B R B REAR 2y, (B O B B IE R S 4L AR SR WS i i e
VIR GE SRR A AR, T BEAEAE RS B A A5 75 TS A BB A A o RS P gt 1 A P e
7, AT IR TR a1 A AR E AR B R T ESRIG T A W
935 WS e A B A Gl b o o BeAh, W T A AT AT 11 22 18] ) 38 0 2 BR T AR i 25 1R 1)
A T TR, FEEEY) R ARGs EEIREAEIE, 0 T kAR 2 1t ST
BhF T A ARGs [ AR IR LUK ETE ) ARGs FEAE AL . S5HA: 2R 24 1 R 8 A G
G IS B T 2 A DA S A B AR AE R BI FE AR RO BRI R . SRR BEHOR IR B0IE 7T e
SN TE AT I\ D 2 W A T APF 7 B A T 38 W AT A A o X M A W AR 2L PRI 7
T RE 2 A KB B A R DT T Sl KA B TR W DU R, R = R
PRSP ER 751 B L 4B
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b ANE HLF AT E R A AR 5 AT

R WMRAAR
B1E WNFERERSHRMThREER 5

T PR RO 3 Z R, R T S A R AR 2 o 62%, AEAEIRIE LK
A BB RER Sy, AT R R R B E TR . SR @ A8 R A A
(R EARRE . TEBUREERIAFRAAAET, WY R A diri A vt S 90°Y . T A 4 S
RIREERAFICT R, BRI T ERMEHFBRE . i it s ssn
A GRS (0 SR IR R o A, Sk 2 AR ST 5 A\ S AR BT R0
R R, AN SN 8 B RS TR H S ORI 96% A Tl R B A A7 76 T 0 i ik
FEMIALEEIN F b, IRAIESE TR NSRS S R 1 1 S O R, I
A OGBS )RE. RE OAKEMT O 1 miE A kL 51875 2 6
RIRHSCE . AR, XL 32 BAR A E SR I TE S MDA i o b, 5% T Pl s 75 By ORI 7
MR Fr— AR ) H DR K e 7 AT Pl s A= 0 AL A6 N S RRATOR P (K04 FH )
FAEES O e SRR AL TR R T A E IR B R O SRS, AR R T I
ERMAMIRIAR . BRI, NATDR I35 AN R i B 23 10 S5 A4 AN 2L RS A i s 23 FE v
SRS HRNE TR BRI, $R7s Wi 5 Pada i s s a5 M AN AL, SRR W ifr
W TE o 5 RV 5 1 AR RE 18] (R SR AR A A AT TSE TR R I 880 Pl e A= e ] S5 AL A
ERLR/S S SRR SE

R LLEWIUR S, B AR W 3 E RO RS S B AR B, IR B RS
WA Bt e &, LA R D WEY), Bl ORI AN i 308 Dyt
FOREAS, A 3 55 2% B DR AL A R A A I8 5 D50 o A i R 90 M T s e A s 4Lk K iR
V5 W A4 B TE T B RV R SR

1.1 #rE

1.1.1  FER5

ERIK KFE 2= RUIEHEH . IRE L2280, HORMERR . FFHime (Telazol). AEFEER/K. 4%
MR AR, HE Jekl. BRflebE. SB 2. 28% (wiv) FENE. IR S SEM (EMB). [

31



THhRFEEL 28

RAEY) (EMD. SSR. A A FERI A A1 A3 09 1R & (Qiagen 150054) . %1
€ B HTikF & (Life Technologies, &, CEEHI& & (NEB AF], E£E). 5L
Y 1 407 22 (TGE V) Bk S 4 T ikl & (BRBCAEIRMBA IR AR, B 3T
5WiEE (PEDV) BB fralfl & (BECAERHEA IR AR, Bl ERIRBEFERV)
B S AT AT & (BECE R E R A, L)

1.1.2 FEH

0.45 pm JE£%.0.22 pm JE 2§ 4T EOHL(Thermo, 35 [FD 83 .01 (Himac CP 100WX,
H3L, HAZELTD. 296+ (NanoDrop One, Thermo, EE). HIMLIKEE BAZRAL
%4 (Magen R6662-02). %2 84X (Qubit 4.0, Life Technologies, & E ). =X Hr X

(Agilent 4200 TapeStation, )
113 SERzh¥

K g (25~ 28 HEE, Widh), KEGEHREMEET B TE, AR itr
(1) BT Bl 40 2 06 340 A 12 R I X s 3R sh s Al e R ERLAHAREE, 2006 4F) #E47, If
2 [ KA FH RO 2E S YAE A R TG R S ibiiE (HbiES . SY202110010).

1.2 HE

121 2RI W I 3%

AW FEE HIAT A W 05 5 ML S B B AR ), A v ] 55 bR R T Y R AR I 4
AT o SR AT R R AL B R G R BIE T PP AR EAT, FREAT T e B 7%
SRR R, BT SRR R R A AL T S K AR R AR A, F
LT 2 mg AR AE R (80000 1U) LABTIEAHG Sy . X LA IRTR 3 21 Hie 5 ik
AP WA AR A AR G AR, KART, A FISHTHEIREA IR A F AR AR IR
AaTAkL H806), JERI H HERAFRAIK, A8 B2l U) g4 MR R . Wi et &
PRSI — 30, I 26 D) FATRE A BEIR It o AR Zhou 25 NPHAR b Xt 38 4
BEAT VRO € SUBRE s A A7 . MRS RE0E N R 1=BU% R 2=1EW L, 3=REE
TR A=RAB. ik S=KBESRE . JESE= R34 4 4085 4 AT 4R 2 N IR TS
4, TS =RV A 1 738 2 73 AT S8 W R 4G 2 A AT 0 - T (i RRATJE A VS A7
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B0 ARAE HL1F BVMTEME R AR AR AT

ARG T A RSB RERNTI AR SUER. &5, 20k T 4 RS
FFFEA 4 R REAF R AT REA R SR

122 Wi iEre A iR At 2

TEAFRE NP 5 SR (8 mglkg) HZKWEIE (4 mglkg) FIdGHiMe (6 mglkg) IR
EYNRBEAFAE S, IO VRS T EEZ A (26%780) (1 mL/4A.5 kg) XA 52 it %2 4R AE
U1, g SRBE RS R ST A AT SR, 2 SR A SE RIS SR AT S [ AT S 2. BTl
FEAER AR, H T A AR AR . AN, PGB AR B ER KV e A 4% (]
7. BAEEIBAZ, VIREARN 1~ 2 cm I/, SERIEON 4%48 /R Dbk, 536 48 h,
I HE Be@IF I THIEEL T e S50, MR BRI S 2 A 1) it I T 0 8 B A48 268

i TGEV. PEDV Ml RV, HZAKF M E XL ODysonm 1B, FANFTMEEAZIXEE .
1.2.3 %% % DNA #H

AR 2 BT e SR ORI U i, RS RIS, WM 2, B3 g Ml s
BB 2 REATNAN S AR AR TR/A TC 1 SB Z20F 0L, R e 5 min, 25 =5 A —iiE 5
ERE.OHL (4T) XFFEMTE 12,000 x<g 2.0 5 min &I, #H 0.45 pm #10.22 pm
(IERBAS R MRE F, KBRS E oA 28% (Wiv) RERE I B 04, F A B 0opL
TE 4T %A T 160,000 < g B0 2 ho Bk 138 fR D0E HEAE 200 ul SB ZZ0Pil, Ll

(100: 1) I\ EMB F1 EM, 37T ¥ & 60 min; $ZLLB (1:1) JiA SS K (& 1k3) (2 ub,
RS, 65-75C, 10 min RIER /S (ZFRIFE DNA), 2000 <g &0 5 min, FiFHHE]
9 VLP, HL 200 pl FiELRAFT-20C W7 faaii.

124 WESZRIOER. A5 Rk

S F 1 BN 5 SRR AL 2 GE XA T DNA Il RNA J 30T LR, e b
ARG SRR S e e AR G AT SRR WAL 38, SRS AR . e B
Rl 15965 b FELvk HE AT 7 88 7 W P R A
125 XEHRSNF

R £ i FRVRE 08 P SC P 5 WU, AR P (0 U R T S A P o s £ P A%
P B 4 W R A0 R A 4 40 W LSO ST AT RS, #%8 1llumina Novaseq 6000 “F- £

UserGuide #E4T_EHLFEA %, JFi247 150 bp paired-end A =HEAT T
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126 JRIGHEREREEG SMPRTSR

187 FH %44 Trimmomactic (v.0.36)M1t 544 reads 475 4% LB AR B F 1. A6
SOAPaligner™ 1 BWA™™ (v.0.7.17, ERiAZ%L: mem —k 30)% £ clean reads 4373 5 1% b
E R E (Silva.132) A 8088 PELLXS, I K BT reads 14K 80% T ELXT 45 4,
NG ZBRARRLE FF 5 PR FEAR T R ALSE S, EH BWA BRI R KRI5 G
JG I clean reads LLX 2% &S H AR E (NT IR, gL KEKT reads B K
80%IEL X 45, MR4lE NCBI taxonomy ##i B RAE 2, it RER, #HATVI2H

"R,

127 FIAREETRERNELR

181 ] Megahit™™? (v.1.1.2, BRI\ 23] --presetsmeta-large--min-contig-len300) % 4%} clean
reads 4T 202, fd Fl BWA (v.0.7.17) 8444 clean reads 520 %5 45 B EL X, 154 reads F FH % .
[R5 FFY Blast (v.2.9.0+) #2035 contigs 575 L 51 Lb Xt 2 R 15 £ 551 o A CDHITES
(v.4.7, BN 2% -c0.95-aS0.8) i A4%f A #E AR contigs #E4T 52K, 3RS unique.contig.

128 WEFFIIERE

R PIMIE S EREF S, EeRT CMmEF A T4 E, {EH Blast (v.2.9.0+)
B, KAR130 unique.contig 5 EEEEE (A NT Hidm b 73 5D EOxr, 39 2 bL X AR BA
P> 80%, LXK E>500 bp, e < le-5 [ XTGFFFI; AL EEXHCE> 100 bp, e <1e-5
()5 SNSRI 217 51 -

W N S B BIRAFENA G — 2 AR E DA E: R R R,
TS R R AR, RIH 2 AR, R T ok — 25 S e i 5 4
179, 1544581 ¥ 5644 contigs 15 2 MBI HLGE,  FHRIREIHR RS, WAL T AN —
ANRAAT:

A. fi[] Blastn (v.2.9.0+) 5 NT £ LR, ik e < le-5 AIELR 45 R

B. f# /] Blastx (v.2.9.0+) 5 NRIJBREEHE ALY, ik e < 1e-3 LU 45 R

C. f#H] MetaGeneMark™ (v.3.38) TINEEN, BfiJ= 18 H) hmmsearch (v.3.2.1) %t
¥ & 55 HMM 3 2 Lt (vPRsUOAT vRam™®D), fifiik e < 1e-5 fJ L4 3

SR JEHEBR AR PR -

ALK EIRIRAS B R T A1 5 NT 208 PE LU, FiiE e < 1e-10 BILLXTES
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b ANE HLF AT E R A AR 5 AT

B. AR B AIET—2 5 NR i EELLXT, ik e < 1e-3 I LLXT 45 4

C. fdH Taxonomy 4 FExt IR LT BT RE, W RAERT 50 ML 45 R, H
20% LA L bk 4 SO AR 25 7 21 R4S B4 Eukaryota. Bacteria. Archaea), NIiZF%1
BONARAFFFH, HRFPIIBIN NIRRT

D. H#E7 contigs 5 Virus-NT f#) best hit EL X455 (length > 100 bp, e <1e-5), %t
Jpi 5 contigs BEATVERE

45 NCBI taxonomy VER(E 5 (2020/6/2 TEH1), 43 3 Ge vt Wi Fh 75 1248 5€ ¥ Fe 31 ik B
PRFIHABRT TR %, LAJ RNA FII DNA B8, TEfS8E i, 2k T Lkl iR de
N RNA TG & [ contigs, {1 T % 72 ) DNA 7 % [ contigs F1JC VA & M 295 25 1 contigs .
bt i P b 793R 15 DNA J6 32 AR E09% 7 contigs /541 122 5, 22435 BUA, {# % Novel
A Confirmed R F 81, A B B 75 %5 € 45

129 REFES. EFRTAMAT)REERFERE

R4 7% contigs 5 virus-NT ##5 /22 Blast ELX 45 5, 4% e < 1e-5 1) best hit [ LX) 44
R, ATV A BWA(V.0.7.17, BRINSEL: mem -k 30)K 1, 45215 £ )51 clean
reads 5 # contigs LLXT, IJELEATH LT reads &K 80% I EEXTEE IR, Gt reads
L], SRJGHRAE R contigs AR RGE T TS reads 7041, HRJ5 THE 547 contig

'] RPKM fH .

Contig reads

RPKM =

Total mapped reads(millions) * Contig length(KB)

7E: (1) Contig reads: Lbx} 7 contig 1) reads %

(2) Total mapped reads: Lb.xf /) reads &%, LA i N AL
(3) Contig length: Contig K/, L KB A HA7,

5 I Prokkal™® (v1.13) B/ 555 contigs 247 56 BT, S5 5000 1 ok (1 2 R 4 H
K, PR K /N T 200 bp ) contigs 41, i Blastp (v.2.9.0+) AT R
(¥4 751 5 Pfam %3 FERF0 UniProtkB/Swiss-Prot i P2 (K13 2 /741 (ViralZone™®)
X, 916 e < 1e-3 ) besthit Lt 45 3, SREUH 5 K DI fe (S & - £ 4 Diamond Blastp(v.2.9.0+)
BAFEIE R R 75190 35 KEGG Kt 22T 3 R i RIVR M LG, ik e < 1e-3 )
besthit LUXT 45 H, BEAT DI REFERIERE .
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1.2.10 IR

AT B B S A A AT A R R 0 (v.3.6.3), Cytoscape #f4 (v.3.2.1)
Fil Excel 2013 /7. M R £ vegan HEATARGHETHEAN Bray-curits FEESTHEL, A R &
ggplot2 Z:Hi] PCoA &, T I, LRI FIFAE . A8 R L circlize 21118 ] . {1 Excel 2013
L AR R B SR AT GE W7 25 S LS XTI p B2 * P < 0.055** P < 0.01;

*** P <0.001,

1.2.11  HEEw A

IR R PR AW BT A R G T A R A D AE N RAF AR R (GSA)D
(https://bigd.big.ac.cn/gsub/) 1 [E £} %= B b 50 3 K 4 B 58 Br BIG s b0y, B X5

CRA006589,

13 &R

131 REEBEENFEIERSEE

1311 BES5EENTFE#RSIEETRS

f RIS AT 4 (M VEANE B LR L1, FrAAFHTE 21 HISIWIYD, (8 BT 3T 5
WA, TRV RE KRR BUKFESSE . VS A48 B IRIE V2> M3 AE &K & s T RIS
46 (R (£ 1.1, B 1.1,

* 11 RERAESETF R
Table 1.1 Cohort description of healthy and diarrheal weaned piglets.

Ik E R il H i W4y H FEERE
g FEAT -1 K 25 21 BUE Y
i FEAr4%-2 K e 25 21 B R
i FEAF4%-3 KA 26 21 B R
i FEAF5%-4 KA 26 21 T A
58 -1 IS=E 25 21 AR, SBAKEE
V547 5E-2 K 26 21 KA
V547 55-3 K 28 21 KA
V5 115%-4 K 28 21 KA
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11 WRYMFRERESITSY. **, P<0.01

Fig. 1.1 Diarrhea score in weanling piglets. **, P < 0.01

1312 RBESEEWIFEREAR HE Jet U

g H L HE Qs R B @RS . R ATE RE IEH e, KiEET R
PRI . AL, B BRVSAEIR B4 [0 i, 5 P A0 235 B 2 2R354 A 7 B ) BR A5 1
FHRGEERR R AN, THRGEMHREEI T2 hvE. wobh, 8T ER
KEF PR IRIE (B 1.2).

lleal

Healthy
piglet

Bl 12 fERMESFREAENEDREFIR

Fig. 1.2 Histopathological observation of the intestine of healthy and diarrheal piglets
1313 WidhfF3%2&EH TGEV. PEDV Ml RV HHLEAN

WY SR B AE SRR, 8 Wi B3 s R ia 2] TGEV. PEDV
MRV PR (R 1.2), HEER T W& 2 RS B mT Relk .
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*® 12 REMESEIMFEEEPHBRESRERSN

Table 1.2 Detection of virus antigen in serum of healthy and diarrhea weaned piglets

FAEREAKIR TGEV PEDV RV

i FEAT4%-1 0.074 0062 0071 0084 0066 0077 0082 0056 0.074
i FREAT 5% -2 0.082 0.073 0064 0087 0063 0074 0082 0.053 0.064
i FEAT4%-3 0.061 0052 0064 0062 0096 0084 0072 0091 0.094
i FREAT -4 0.055 0.076 0.091 0059 0.09 0081 0051 0066 0.071
W5 A7 48-1 0.075  0.067 0.069 0085 0.062 0065 0075 0.072  0.067
V5 11 4%-2 0.076 0066 0.089 0076 0066 0059 0079 0076  0.089
G AT 4E-3 0.072 0.069 0.089 0062 0065 0089 0065 0.064  0.069
V5 11484 0.084 0089 0078 008 0102 0069 0.058 0092 0.064

[GRERTRIE 0.068  0.059 0.071 0076 0.055 0066 0076 0.059  0.077

TE: RPHUE ODysonm 8, FENMBEHREA ZIXE L . THHEMERAE: slIA R PR AL
P > 1.00; FAPEXIEPIME < 0105 ImAHETHE: In A E=FI IR AL E{E+0.15; BITEHAE: K
ODfH < WmFHEH FmaEHTE: BHYEFIE: #dh ODfEH > IeFHEH MR E.

1.3.2 JFEHEmAE

1321 JRIGFHEEE R

AW FESEIAT 24 r 36 IIE N B YIREAS, 48 12 H BT IEREA [4 YR BN 254 (HI
YO, A EMNEY (HC 4D M4 e 3eE (HF 40D 1R 12 RIS AR AR DY 63 =]
Pl zed (DI 4. TUmE RN ZEY) (DC 41D FPUgHi 3@ (DF 4D 1.

AVIE T R R B TE RS, X 24 ANIE N 2R PR R DNA JEA7 22 B R 20
Feo BEREMIRAT T 11.05+/-1.05G Jslan%dl, f145 29358614 >+/-3331435 /MEC A A i
F (K 1.3A, 3K 1.3), FUaEfailn MR i ol F R 8.7+/-1.0G, HAILIRMT 207.7G )

FiiEEdE (R 1.3).
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B ARANE HL1F BMTEME R EFE R A AR RS AT

8.0 1 8 8.0 -
c
)
784 o 7.8
o 7.6 D 76 o a A ‘% Y
l_I [ ] A % .8 i ==y V'!'F ==
2 e =& i Y 8 £
T 7.4 7.4 4
© ko)
C
@
7.2 > 724
E
70 T T T T T T O 70 T T T T T T
HI DI HC DC HF DF HI DI HC DC HF DF

E 1.3 #HAPENBHRESFIIGT
Fig. 1.3 Statistics of virus sequences detected in samples
(A) FRBEHANRIGFIIEE; (B) REBFTEMAKFTIER.

(A)Total number of original sequences; (B) Quality filtration and redundant sequence removal.

# 13 RERELESH

Table 1.3 Quality control data processing statistics

#Sample Raw_base(G) Raw_reads(PE) Clean_base(G) Clean_reads(PE) Percent(%)

DC1 10.4 34575218 8.7 29409310 85.06
DC2 10.8 35963313 8.7 29328074 81.55
DC3 10.5 34947311 9.1 30529290 87.36
DC4 10.1 33688504 8.6 28898333 85.78
DF1 10.6 35195122 9 30258256 85.97
DF2 104 34801160 8.6 28974687 83.26
DF3 11.8 39328486 9.7 32690049 83.12
DF4 10.3 34168376 8.7 29391793 86.02
DIl 11 36551253 7.7 26027178 71.21
DI 2 10.2 34016626 8.1 27335277 80.36
DI 3 10.1 33764581 8.2 27867137 82.53
DI 4 113 37666317 8.6 29151693 77.39

HC1 10 33483723 8.6 28979217 86.55
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g 13 REFRERLEST

Continued Table 1.3 Quality control data processing statistics

HC2

HC3

HC4

HF1

HF2

HF3

HF4

HI 1

HI 2

HI 3

HI 4

10.2

10.2

116

12.1

10.6

11.2

10.5

115

10.2

10.4

10.7

34148370

33895365

38626884

40460239

35485393

37300421

34975972

38232230

34147221

34640990

35792151

8.7

8.3

9.7

9.1

8.2

8.2

8.2

9.7

8.8

8.1

8.4

29425239

27994517

32621689

30863663

28014972

27738068

27806846

32575335

29871271

27250914

28228741

86.17

82.59

84.45

76.28

78.95

74.36

79.5

85.2

87.48

78.67

78.87

F: (1) Sample: FEAR A FR

(2) Raw base: JRIG FHLEIEE, RALE G;

(3) Rawreads: J5i4f T#L reads 544, Suit2Xts (PE) BIFFIEL;

(4) Clean base: iITJE/EMIERE, BAE G

(5) Clean reads: itiE/J5 reads 5%, FiitHI—&XNm (PE) HIFFI

(6) Percent: J5i{% /5755 Clean Reads %I /i Raw Reads %11 L4l

1322 EBRBEERFIIEH

A% JE P A AT 18 £ L BRI , AEAALEE 29357445 /N+/- 3330787 ) clean reads

(K 13B, #£14).

* 14 EREEFIGT

Table 1.4 Sequence statistics after host removal

#Sample Clean_reads(PE) Host_reads(PE) Surplus(PE) Surplus_Percent(%)
HF1 30863663 1535 30862128 100
HF2 28014972 367 28014605 100
HF3 27738068 932 27737136 100
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Bk 14 ERBERIIGH

Continued Table 1.4  Sequence statistics after host removal

#Sample Clean_reads(PE) Host_reads(PE) Surplus(PE) Surplus_Percent(%)
HF4 27806846 9018 27797828 99.97
DF1 30258256 2248 30256008 99.99
DF2 28974687 3505 28971182 99.99
DF3 32690049 1817 32688232 99.99
DF4 29391793 2244 29389549 99.99
HC1 28979217 1396 28977821 100
HC2 29425239 9129 29416110 99.97
HC3 27994517 913 27993604 100
HC4 32621689 313 32621376 100
DC1 29409310 3367 29405943 99.99
DC2 29328074 936 29327138 100
DC3 30529290 4840 30524450 99.98
DC4 28898333 19122 28879211 99.93
HI1 32575335 3104 32572231 99.99
HI2 29871271 6299 29864972 99.98
HI3 27250914 751 27250163 100
Hl4 28228741 545 28228196 100
DIl 26027178 521 26026657 100
Di12 27335277 19671 27315606 99.93
DI3 27867137 64550 27802587 99.77
Dl4 29151693 99998 29051695 99.66
7E: (1) Sample: FEA4HK;

(2) Clean reads: 1.3 Jfi#% )5 reads %4;

(3) Host_reads: X215 321 reads 2650, Guit 2 Xm (PE) 17 F14L;
(4) Surplus: fJE%l4& reads %4;

(5) Surplus_Percent: # /5%l reads %44 clean reads %11 ELA51
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1.3.3 REBHARVIS ST

NHRESFAFEEA TR RS S, KT clean reads WSS E| NT — Virus £dfs e Eoxt
HATYIP R B8 GEHL reads LUK T 1% M), 455K BRI LT 5| FERLe T
Myoviridae. Podoviridae. Siphoviridae. Adenoviridae. Circoviridae. Inoviridae. Microviridae.
Parvoviridae P/ Smacoviridae /MR RIFS, IXLLHI R F LA RAE R (HD,
Bl (HCO FIZe(E (HF) th AR ZRE, HIRE SEOX L5 AR S A A A e (K

1.4),

100 1

751

50 1

251

04
Hi: Di: H(") D('J H'I D'I

. Myoviridae . Podoviridae . Siphoviridae . Adenoviridae . Circoviridae

. inovitidas . Microviridae . Parvoviridae ‘ Smacoviridae . Others

. Genomoviridae

The relative abundance(%)

14 mEIBRERGT (RKE)

Fig 1.4 Statistics of virus annotation result (family level)

1.3.4 BURHS

Hi T reads %0, LAKECXSERAFRIRIRYE, W15 0870 K4 R F] B2 5 9Bt it th
—UE 7z, KL EXS clean reads MEATALR S HE— DT RS E . K EBRITHH) clean
reads HEATAE G HAFMIFFIFR N unique.contigs. AllBIE, REFTREHEFIIEE &
HER, Haa 5B EIEAM, AT E A4 5 8 unique.contigs 2 & B8
Wahne dbAh, g RAREAFHE, JEYS A R unique.contigs £ W FRAIK, IS 3

fEdlwEm (B 15).
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1.5 A[E4AH unique contigs RO E

Fig 1.5 Number of unique contigs in different group

135 WEFIEE
Nk SRR R T A, BT RRR T A S s (MR, 23k 50,756
AN EE contigs, K% 73.40%1) contigs K2/ 1 Kb, 13.04%4 1 % 2 Kb, 9.36% M 2 &

5Kb, 3.21%% 5 % 10 Kb, oga%k?loKb (K 1.6).

A N B
5 /6109 b
e L 928 40000 37258
4T - - 5
y “ ! 2 30000
AN U E
o 3 20000
{43719 ™ A
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623 o .
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. Contig Length

& 1.6 mEFILEESIT

Fig 1.6 Virus sequence identification statistics

=

(A) ETEMBEZFIILEXN T EZRSHHREFHHE. Novel RRBEIFHFERBHHEEFI;

Confirmed TR EFIABIFEZFT; Suspected R R AIEERERIFF. Novel and Confirmed fmEFFI R HE

HRELESER; (B) REMENRKRE contigs KEZ.
(A) Number of virus contigs obtained based on known virus sequence alignment and the new method. Novel
represents the virus sequences obtained by the new method; Confirmed indicates the confirmed virus sequences;
Suspected indicates the sequences of suspected virus. The Novel and Confirmed virus sequences are the final

virus identification results. (B) The length distribution of the finally identified virus contigs.

http://www.cnki.net
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136 WigirEmERSA RS FEE T

W2 TE 1P B2 contigs WU ) NT-Virus i i, 45 R /R BR— BRPEER R P51 51,
YRR TE contigs EEMALY T /BT dsDNA [ Caudovirales (28.41%) F1 ssDNA ff)
Microviridae (32.75%) (& 1.7A), XMFMK R FREYJE TR0 3808E (3L 61.16%).
Hrh, Caudovirales 7 8 3 22 KR MEFE 4% (Siphovirida) (50.238%), i Wk B AR}

( Podoviridae ) (36.987% ), W& Wk 1A%} (Myoviridae) (7.538% ) i il Wik B4 14 £}
(Herelleviridae) (5.204%) 411, MAMLAFETEIBTR R S 1EE AR (Ackermannviridae)
(0.001%) (B 1.7B) . IXELHa 2 W v A2 Wi A A8 e i 2 1 3 B8y o BRI o 49 25
SRS, Y MR contigs I8 EELAMLLS T Smacoviridae JEEREE (27.43%). 7R FREL
B IREAS ORI B AR R ) 28, IR R ST 5 R EE TSI 6.55%E 5/ (4]
L.7A) K k5% 50,756 /M 5 contigs 5 NCBI-NT Ji 25 122 b 1 5 R % 22 FE 713347 EE X

45 R ik 99.88%(1)95i 5 contigs 5 NCBI-NT udfi & thops #5571 ARULEE (& 1.7C), X%
WA Pt o T AL ARS8 05 7 T B AT W BE T, WO e T A e e v 25 51 R -

A 1.00-
8 0.75.- .
(]
e}
5
5 050.
2
K
& 025.
:
000 « = &« & 2 a o 4 2 s & ¢
Q2 B

P BB F FELEF T
& 04\«\6 & ,5\\«‘6 & 4\@4\«\6 &L S \«\i’P\«\b FFE S
N & & (\ (S
JRS \‘\Q ‘\b &S C‘e@ S *ob & O\\ db\\ IR
Q

contact contigs

B Ackermannviridae unclassified C
0.001% 0.032 0.12%

I

B 17 ERFHERmERESEEHERRY
Fig 1.7 Main components of intestinal virus in weaned piglets

(A) HEBHERSSEHFIIRENFERE, BRTH 15 MOENERE; (B) BT
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B0 ARAE HL1F BVMTEME R AR AR AT

Caudovirales ZH& 53 288 (RI7K ) BT EE EL I ; (C) MRUF IS EREF 515 NT-Virus
AR EEEEXTEE R
(A) Relative abundance of sequences assigned to the specified virus taxa. The relative abundance
of the top 15 species was shown; (B) Proportion of the relative abundance of family level taxa
assigned to Caudovirales; (C) Comparison results of weaned piglet intestinal virus sequence with

NT-Virus database.

137 RFEART B e wE S M S AT

Nk 0T A A AN IS A1 4 P T 5 B RV AL RS SR, X R B AN R RE A 0 75
contigs 4= & FEEAT LB AT AR BN @R IE R, B ISR A T X ER YA
EHEAAEZRE 1.8A). FlUE R4 N AV Herpesvirales. Herelleviridae.
Marseilleviridae. Baculoviridae. Adenoviridae. Caudovirales. Hytrosaviridae. Alloherpesviridae
F Crucivirida E4%. EWHNEY T Parvoviridae 1 Ackermannviridae &8, 1fj#&{H
Genomoviridae. Nanoviridae. Nudiviridae. Phycodnaviridae 1 Pithoviridae E%E. AHHLZ
N EEAE AR BOREAS o 5 1 s SRR SRR 1A, Bl S i AR AR LE, IRVS A
¥ FAg b Hepadnaviridae 1 Tolecusatellitidae %4 & 5 (& 1.8A)

ZREE DT A R B R A SRR R 2 A BT Bl N A (P <0.05) A
BN (P <0.05), MRS IMEHARIGYM 2 EE TS (P <0.05), [z
BN EVIREAY R 2 FEVERRAR, R S IEREA R BB M2 52 (8 1.8B). BEAh, F:ARKR
M (PCoA) Sonfi FEAFHE Bl N B, BB RSSEREA D IT 55, IRTE =

DEBRIAEA KA R (K 1.8C) . XML AR WM REAF 34 bl , B I A B how s ik

SRR 2 R B O ZE S, VSO T W A48 B i B e A AR
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Anova, p = 0.00056 B HF @8 HC &8 HI
& DF @ DC @ DI
! .| Nanoviridae
' Nudiviridae
| Phycodnaviridae 1 5
| Pithoviridae H *
Microviridae ‘g 15 *
Mimiviridae
| Circoviridae

Siphoviridae |—1 10 * =—— — —a—

Genomoviridae I 2 25

Globuloviridae
Unclassified
Hepadnaviridae

Tolecusatellitidae

| Poxviridae

Bicaudaviridae

|| Myoviridae

L Nimaviridae C

ﬂ Smacoviridae

Iridoviridae

j Podoviridae 050

|| Polydnaviridae =
| Anelloviridae

Inoviridae

Condition1
’ * DC
¢ # OF
+ 0
4 HC
& HF
o & H

[ Herpesviridae
| Tj Parvoviridae
| | Ackermannviridae
.| | |Herpesvirales_unclassified
Herelleviridae v
Marseilleviridae o t
_____ Baculoviridae
| Adenoviridae
Caudovirales_unclassified
| Hytrosaviridae
| l"[ V‘Alloherpeswndae
| Cruciviridae
2

Axis.2 [14.9%]

Ads 1 [15.4%]

E 18 RERMESFREMERSSHMSEMELLE S
Fig 1.8 Comparative analysis of distribution and diversity of intestinal viruses in healthy and
diarrhea piglets
(A) fFRAE ST IERAIE AT 35 MR SHEMNFERNES; (B) BERETTFEFES
W BmBRENFEEEMAAMESR; (C) BRI FIEFESENFENRS
MR AMENAE.

(A) Differences in the relative abundance of the top 35 viruses in the intestine of healthy and

diarrheal weaning piglets; (B) The richness and evenness difference of the virus community
between healthy and diarrheal weaning piglets; (C) The virus community structural composition

is different between healthy and diarrheal weaning piglets.
1.3.8 WiiifrisiEm B T se e i
13.8.1 [HEREET)RERER TRIMAI 2K

R FAT R W1 s S R A5 2, X5 75 contigs AT T R TR, 4% 5E H 80,567
MR EFRERFEY, KX IEE R AR S UniProtKB/Swiss-Prot i 22 i) 25 F¢ 41 34T
Ebxt, Rk 18,134 ANTheEsEA, Lk 22.51%. & 1.9 Fix, XEeDhEeILRE B4 A 11

2, 4y %l N Biological _process . Cellular_component . Coding_sequence_diversity «
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Complete_proteome. Developmental_stage. Disease. Domain. Ligand. Molecular_function.

PTM A1 Technical_term.
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Fig 1.9 UniProtKB category statistics
1382 BN REEE AR T
PCoA i onfE AT R N B BN EVAMSEEREA D TR E. M2 T,

JEEAFSE R AR B RN YIRS ERE ARG R A . RV, B

FEAIR BE D) A AEAROR 22 57 1, MEEVS U 5 B0 48 &% i s i 1) T SEAR UL ThRE (&1 1.10).

04
*
02| g aa * ¥
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N o
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5 0 20C
< . «DF
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B 1.10 BERMESETMTIEMERSEERE LTS
Fig 1.10 Principal Co-ordinates Analysis of viral functional genes of healthy and diarrheal

weaning piglet samples
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1383 MM KEGG ThReREFE % & X+ BT

R 2 € M ThRERE N 5 KEGG Hudfa e FLXt 5 45 7€ Hh 34 F KEGG 2 T Ihfig A,
15 My DhRe R R E R, Bl S EH AR EFEZR (K 11D, 51
FRAFEREAMLL, SIS R B LRI 735047 9 Ry 1 FiRT 8 FhIh Rk F 2
KA R ZFEE AR, BWngTE S35 3@+ Global and overview maps. Nucleotide
metabolism. Metabolism of cofactors and vitamins. Xenobiotics biodegradation and metabolism.

Membrane transport. Cell motility A1 Immune disease Thfg R =F & B2 EiF (& 1.11).

KEGG level2
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0.0050 woC

Illl .|_|||. I R S | S P I
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F & F &S S8 S dede é%a‘fqdf P R O LS & # e
R Pl ) 5 g o S S
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111 KEGG #ME (Level 2) tHHXTEESt

Fig 1.11 Relative abundance statistics of KEGG gene (Level 2)

1.4 P&

5k DRI I e ) A R AR Rt e 1 NATTx Bl S A= D AL AE N SN S i A A
PR SR A R 55 15 T A7 AN [ g T B o o B AV S R AN Dl e AL B oy N R0 o
BT SURB TSN R E R 2R, A, 1 il 2808 3P40 R i i 41 41
IR ST MG A4 o B el A A% S8 b LIRS 7 7 TGEV. PEDV Al RV #i
JR, ANTTHERR T WL S i e S B VS (¥ T e

MR FRARE W & [l ORI WAEY, Bl ORI WY RIET i3 b
HIEE DNA BT ZENANF 508 & NIEIFRIE, Rk i) Wi i iE wise 5 51t
ik 99.88%5 Virus-VT #df FEhid ki CAIR TR AN LA, X AT RS2 B T 5 HAR AR A B
RRIE (E3E. K. ARSI AN S MG S ML, WA Rl FL A RS i PR Btk i
oA, Atk o e K% contigs Y, K HURE contigs 4MHi4y T H Caudovirales
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Microviridae 41 FIME A K5 (61.16%) . E NGB LA IR 2 /LSRG, WA AR
Y TRV RE H I 7 WA SR e L S 1%, S PRI I R TR A 7 B0 A A I3 3 o RS
FAE . EARERRRZ, BRMEARIRZAN, Hik 27.43%K) 5 contigs 7 HL4s 1
Smacoviridae Z % . #&4iiE, Smacoviridae 52—/ (~2.5Kb) CRESS-DNA (g% 14 (ss)
DNA [ Rep) Mi#esie, FEAHE NISTE A A F0 A HESH 1) 1 S v i 47 2E 10 190,
Céar D Ez-Villaseror % N\ 5t 2 W it 7= F e 18 14 2 Smacoviridae %7 #18 = (1) 1l 52 (5%
%%, EW] Smacoviridae &34y 1k LR G AL AR W 1) B DR A B D IO EE . DRI
Smacoviridae 5 B FE 4% 18 E 25 F Gt P A TR CH S50 2 TR ) 9% R ELAS HE— 2P B
H T SRR JRIR, S A B T R A P i e R AR DO SR, R U
LB TR 5 1 0 5 R LA AR A RGP LRI R A0 B AR AR AT HE W e A T 19,
SEHTHIRTFEAI A 16S rRNA HE AP F1 R4 1 R B3 AN Tl e 1 25 3 R 2 7 A4 7/ Ak
LB IERERM AR, BB RGERA (R ENRY. BN S
PIRNZEAE) h R BERE R S AL S LD REAFAEAR K 22 57, VS DA 1 A JE P s R A
R R AR, XR M iER S S W RS A . AR A RS RS h A
T 25 BE R IS SO (1) 3 B ) DR 3 I 170 e 9 Wik B = A T 708 5 23 P 1) o B
PEFs, W T AR R BEAEAT 38 Wil S 2 O 2 R, A0 RS AT RE -5 Pl e o A VR A
Ko WAL, FEVEAFHE R (AR E T 1AL AT AR I il A s A7 A2 % RO A v e A A
SN PRI, A e BRI W 0 4 o T 95 2 1 M T AR R L B A L 5 s 2 TR
K1k RIFEATIRN T o

15 /g

1.5.1 SRt 24 4 Wi i1 4 A E R A i 8 DNA #EAT 22BNy, 38t 3 471 ) i ide
%, k1 50,756 AN EE TS

1.5.2 Wit imiamiee 5 504, £ 99.88% 5 NCBI-NT i 243 22 H 1499 2 7 41 AL EL,
FMW T A48 W s 2 4 91 1) v P R i

1.5.3 W B (A2 T W A7 Wi i #3100 R 4 4%, HL 3R B b JR W B 14 H (Caudovirales) 14
/N AR Microviridae) ZH B . (EFEAFA& I B W I SEMREAS i 2220 A1 S B8 2y
BERT R BERS, WIS RN R IR A b 25 43 i A 20 S Th RE 8 0 R A 5
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E2E JRENTTEBEE AR R RIS R
KAk Hr

WGk T A A B (R 2 A R, FEZERFHBER b RO - U T A A R E AR
CBA AR ERIARIT R SR iR R A 220 7 D dion 7 ARiE e+
R R . FAZANGAZ A 2 OS8R R R R A S S
AT O, B T A AR ROR S A7 AE s 1R Ry M IR, SIRE £ TE AN TR e (0 A A 1 5
JEPERE R AR TT R . AR BIR TGO, BB i AR A R 2 R R B B A ) 2 AR
I FLYER )k (004 T, SRT, BRAS T s A R AR O, FRATRE
TE Sl A B0 v R 5 LA F BB I 9 3 5 08 R U AN e Lt B, sk,
WEFEN G R SR 7R 1 i e e 5 A SRIGEE R (1BDD. 2 BB IR L S F i 122
PR DG HE S0, 3 B i it B A T 4R A A A REIR S Oy TR A AR . SRTTT, AT
Xt W A S P T AR L AT AT T AT PR, X RV DRSS W - P K e S 2
AR RS iR BR AR T E R D2 D

b T TR W G A W A R R TE T ER R Ry, AEARETS R, A
WiEREA T2 DNA BEATINFE, ZrEmiss s, it — Dt il BEAIE S Wr g i
WG DR R AR 22 5 L L S B TR A TR KR 2R

2.1 E

211 FERFH

BEfEHE. ALFA-SEQ &2 11% DNA R7& (mCHIP AW AREW AR, TN, HED.
DNA #4177 &1 (NEB Next® Ultra™, Froifg LSt =, SpEig e, EE)
212 FEZS

PIGERAX (Qubit4.0, FEEN CH/RBHLAR], R/RBEM, LED. @MEOLE T
(Nanodrop One, FEBR K/ /REHE AR, IR/REM, 3£E). Illumina Novaseq 6000 7=rid & il

FPAX. FIREALERE (R RS0 (Qsepd00, EFEMRIHARAF, B, FED
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22 HiE

2.2.1 {2 REARRYE W AT 58 R 1B T P R A B UL A b 3

AW IR P AEA SR B 25 1 5575 P R R & WA 5 I pE A
2.2.2 5 DNA $#ZEL

=g -3 DNA W56, RIEHLER I wE, SRR MRS R DNA. R 1%
BUISBEER_E90E DNA [O5E 5P Rl BE . DNA [ R Rl 2 58 5 4 P % 0 i B A R i
BT &
2.2.3 JCEEH| AR EZEE AN P

) DNA SCPE il B, ARAE LB i e AP o8 o e . SC% it BLAE Quibit 4.0 %
JERE B AR Qsep 400 el B A% R & i 70 A &R 48 LREAT VAL . HeJa, £E Illumina Novaseq

6000 i &l T 5 _EXF i SOFEREATING . AR 150 bp MR ik 4.
224 JFIRBERREE. ARMIETREREHER

A8 F R4 Trimmomactic (v.0.36)M%} J5 46 reads #EAT I B4 £ AL B4 . 4%
JG ) clean reads ] MEGAHIT (v.1.1.2) MA4REE5, 4 %88 AH A M L Reads
JRAE — AT IR G 2, DU AR & b IR 2 A5 2 . R MetaGeneMark (v.3.38)
USTLR S5 T 7 B BEHE (ORF). S CD-HIT (v.4.7) MM [ —1E 3R K1 95%, 78 7% % 90%

ERRIUR, EFRKIAEFS, 13319ETUAR T gene catalogue (Unigenes).

225 HAFEIHELMFTHRER

14 Fif BBMAP #f4 Chttp://jgi.doe.gov/data-and-tools/bbtools/) #4FANFEA ] Clean Data
WS 2 Unigenes, JF3REUEE A 3L B WL 21 reads HOREAS . ARSI read HORHE A
KR, Giitdg MeEA b NER B3 AE B R AR TR K 421 Unigenes /7415 NCBI-NR
B Pe LR BEAT IR RS, 3R4F Unigenes IOMIANAR(E S, JFahi AR HFER, FEXD
DRIZRIFARRA RS . 5, FIHH A metaphlan2™ CleanReads HRig 4y
B b, FEREET NR B PR RN ERET IR IIAM T .
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2.2.6 WREER-TE TP

] CRISPR Recognition Tool (CRT) MR\ Refseq % A (i 4 1 J K] 28 o #) 222
CRISPR-Cas spacer ¥#f /%, #RJ51# ] Blastn-short (v.2.9.0+) 5% 5 K% 7 contigs Lt
X, Vi e <1e-10, HEXFHHIBLIE> 95%, spacer 78 o5 ik 5] 80% 14414 T HX best hit 1F Ay
WERE T RERTE 5 BV, GiitrE EMUEACTHE . i HATC A1) spacer 51 TR,

i R — #4399 3 contigs BE TN HH AT RE A1 =
227 FHEH

AW TLHE S B o M AT A AR R B fF (v.3.6.3), Cytoscape % (v.3.2.1)
Rl Excel 2013 #E47. HEA R 4 vegan HEATAH G TR Bray-curits BRETHEL, FEF R &
ggplot2 £l PCoA K, H:E K, FELk EFIE . F R A circlize 21|18 i . f# F Excel 2013
224 NI 26 1 . 43 B SE it AR R FE A Caudovirales AT Microviridae XM [ contig 25 %51,
I BEHLARE AT 2 0 GE tE AN I REA SO S OL T ) contig 0, 1 R £ vegan 737 A 1K
Mk, (EH] LEfSe THELAI WAL A MIZE S A B E 2 RIMEE,  LDA R/MERE
oy 3 B AA SN A A REVE TR T spearman FHSE REUAHIIAE . KEA PR
P 74 contigs JLZE M 2% /)5 T F2 22, 23 X P> Caudovirales #1 Microviridae BE4T
contig Bkik, ZitHFENHY contig ZE I contig, f#iH Cytoscape #f4imi B, & 1
PRTE FTSE RAE5 S, R A ggalluvial 2 S E . A R SRR 3T Ge it 20,
FERESXMM p{H: *P<0.05; **P<0.01; ***P<0.001.

228 HAEWHM

X T FT R A ) B A R AR B s A AR N R R AR % (GSA)D
(https://bigd.big.ac.cn/gsub/) 1 [E £} == B b 50 2 K 4 B 58 Br BIG s h 0y, B RS

CRA006589.

23 R

2.3.1 W3 & Caudovirales #1 Microviridae & B REAEXT £ BT

e FE RS A7 34 R A< Caudovirales #1 Microviridae %5 B EEAEX S #E4T 04T, 45

R IRTE WA L 2 I TEFEA, Microviridae 775 25 BEAH N 3 B 14 i 3 5 T Caudovirales (P

53



THRARFHEEFER L

< 00D (K 2.1A). fEEFIENIG. B RAIEREA K Caudovirales Ji B¢ 42 5 X
BRAK, BEMAZEREARZ AR EER (P <005 (E21B). SEREFEMLL, 185
FFAE I REA P ) Caudovirales S FEHF H R E N (P < 0.01) (B 2.1A). XEFZERA
XA R UH BRI RN I VS A4 TR AR A B B unique P 91 NI 50, RIS A SRR A TP
WG T % SIS 10 SR DT 32 PR T R R A i o S AR BRI FE (1 2.1C) MHEEZ T,

VB AT A5 REAh Microviridae contigs 3 EFEAK (K 2.1A,B).
A B C

Caudovirales M Microviridae Caudovirales M Microviridae

L 16000

7.5e-05 7.5e-05

%
5.0e-05 -
2.5e-05 I l
0.06+00— 0 5 10 15

T T T
Healthy Diarrhea H HC HF DI DC DF # of Samples

2.1 BEI5{FIERAES Caudovirales 73 FEBFRIAETTFEEIEM.

12000

5.0e-05

Caudovirales richness

Group

8000 Diarrhea

Relative abundance
Relative abundance

2.5e-05
Heaithy

0.0e+00

Fig 2.1 Increased relative abundance of Caudovirales taxa in the intestine of piglets with
diarrhea.

(A1 B) BEEMBEEFEFEAS Microviridae F1 Caudovirales &5 9 LB AR £ &

HIELE; (C) Caudovirales & E BB FREHEAILMMNFEREZ. FEEETAH
489 Caudovirales contigs.
(A and B) Comparison of the relative abundances of Microviridae and Caudovirales in

healthy and diarrheal piglet samples; (C) Rarefaction curves of Caudovirales richness versus an

increasing number of subsamplings with replacement. Richness based on assembled

Caudovirales contigs.

2.3.2 Wi ¥ 8 Caudovirales (BRHKF) HIXFEHHT

X} Caudovirales BHK-F 0 RBEEE 1T, 453K Herelleviridae. Myoviridae #
Siphoviridae i 2 HF 73 AITE AR HEAT S B, Bt kA 5. I8T5 SBUFIE & miEr:
AT LR AR B R R B BT S VS AFHE iz Herelleviridae 75 77 4= k2D,
I Myoviridae A1 Podovidae i &7 AIfE B A &£ (K 2.2). EAEERNR, L
TEAR REAT38 1 W RE A A6 2] Ackermannvirida 3 858, (E7E RV 110 5 i R A 5 1)
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F) Ackermannviridae JHEEHE (& 2.2).
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2.2 BERMESFEAEMEREAT Caudovirales (F7KF) HBXEE SR
Fig 2.2 Analysis of relative abundance of Caudovirales (family level) in different

intestinal samples of healthy and diarrhea piglets

2.3.3 WigF R ERR AR S FE R AT

ZREVE ST 22 WA RIS A 5 F o A 2 T Wk T £k 43 AP 2R T A e AR MEAEFE RO
FESt . TEFTAREAR TSR 3 K& VR B A& contigs, {HAREANREA # B AT R34 1O 1A
contigs (F& 2.3A). (@A A FEAE H AR A ZFE M B EC T RIE (P <0.05) FIER
(P<0.05). HHLZ N, BEVEAFHE S AT REANE P AR ) A 22 FEAE 825 T i (P < 0.05), [Bl . (P
<0.05) MEM (P =0.057) HEAYFZHEIERE (K 23B). tbhh, TR Bon i
FRATREAN R Wi A 53 TT SR 4R, AR IS AT 5 B AR A I A28 OB AR, W Adk FRAT-H 1R
BN E A BV AR RE AR, BEESEB0X =AM IE AL VR AR B
S ARIE (B 2.3C) . Bz, IR, R B MR ER AR I 72 (i R AT-J% T vh o0 A AN Yol
TS BS0U  W T ARE VA 2 R PE RN AR
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Fig 2.3 Analysis of intestinal phages diversity in healthy and diarrhea piglets
(A) Venn BB RAERFEH AR FEREF contigs #=; (B) Shannon 35# 9 thA[E
FRiEMEARIEERZHM; (C) PCoA D AREMEHEA P IEE AL,
(A) Venn diagram shows the number of phagse contigs in different intestinal samples; (B)
Shannon index analysis of phages diversity in different intestinal samples; (C) PCoA analysis of

phages similarity in different intestinal samples.

Y EUFERE A T Caudovirales & Microviridae I [#14 contigs 78474 it I AE AL 1
DU, R BUE A% [l i Caudovirales 11 Microviridae 3 5 A1 84 contigs i & %, IF
TEE WA ZEERE AR PR U (B 24A). MLLZ T, IRISHHEEEH Caudovirales F
Microviridae =2 FIHA contigs #E /b, FFEEMMIEMEREA PRGN (& 2.4B).
AL, IEV54F54 R % Caudovirales A Microviridae ./~ contigs % & 2 B4 (P < 0.05)

(E 2.4C), #fEREA T Caudovirales £1 Microviridae H.4™ contigs & &2 T+ = (P < 0.001)
(F 2.4D). X IR B DA A AE (R RRATHE AN R il 23 [R) 2 BE AN B0, R A48 AR AR
SFIRENRS AR, WAL TE P R A R A2
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24 (ERRFBEEMIBEHAFRERE (K contigs (XZFEBAA) KB

Fig 2.4 Connected analysis of phage contigs (shared and singleton) in healthy and

diarrhea intestinal samples

2.3.4 Wi ArsE BB U BEE AR A S AR AT

DNIRZ W YA P e T AV S AR AR A O . XA B TEAE A L DNA 4T 1%
SNy St ShEW R AR, @R R B A SRR A o 40 R S
MEERAMRKNER, BRIESE T S ERA T ERNMEREE (B 25A). 1A, 5
EWE AL B o b Bos @R Bl . B ISR AR T RS, RS A7
PEREA R ERSE (K 25B). fH2, SEREREER AR, (@R S EREA T 4w
Yk ZFERE S TRBMERAEA (P <005, HEGEHEAMEIMEZHEEERTE
kA (P <0.05). MAh, SHERAEAMEL, 185 SBEERARDR 2R 2 FRK (P
< 0.05) (& 2.5C). IXELLERR MM G IEIE AL R i v o A A9, IRYS S 8UliE
VA W R A B R A A TP AT AR
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Fig 2.5 Analysis of intestinal intestinal flora diversity in healthy and diarrhea piglets
(A) BERMESFEIERENEATHE (B) FEMESR; (B) PCA ST EH
APRMEEERMME; (C) Shannon E¥ DT ARHEAPME M.

(A) Differences in the abundances of bacterial (genera) in the intestine of healthy and

diarrheal piglets; (B) PCA analysis of bacterial community similarity in different samples; (C)

Shannon index analysis of bacterial diversity in different samples.

235 W5 e w14 S 4N B A R e A

NBRAEAFRE N BV R R S AN R B0 OR &R, 20T H S T WA I & R 2 A
YU 1) F = BE A Z AR 2 (B ) Spearman AHOC R EL. 45 R U@ F7 8 1%iE Caudovirales
FEELHE SR S M Z R HHAE BB ARG R (P <0.05). MERTET
WlziEh, Caudovirales =% AN FEIE 5 T REE & FEAN 2 BEIE 2 TR DN R B0 2 46 TEAH G
KF (P<0.05) (B 26A). MLLZ T, ARG HFEiE T Microviridae 5 B [HIf7
FERMUSAHR K FR, HIA Caudovirales B35 (K 2.6B). XEMIMETSHCL T & Wi b &
SRR A, XA 25 Caudovirales 7 BB K.
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2.6 BEMESFEZERERSMEEE Spearman 814 24

Fig 2.6 Spearman correlation analysis of intestinal phages and bacterial community in

ANt — P ik Caudovirales 52 BIFIFC R, 115 1 Caudovirales 258 (BHKF)

healthy and diarrhea piglets

SR (B ZIEf) Spearman AHOGME . 25 3R R 5 a8 AR S AEEAI 32 & BEAR SCIEAR

B, ARS8 i 1E T Caudovirales 5 2 R4l i < MR FE AR K AR (B 2.7)

Forb BAT 8 VR OQ AR AN T SR A R R IR IR BL (Prevotellaceae ) LR AT F

(Lactobacillaceae). #: £} (Clostridiaceae). EH2F £l (Lachnospiraceae). 8 H BREE £}

(Ruminococcaceae). #EBRE £} (Streptococcaceae). 7T £l (Enterobacteriaceae) LUK
WU F L (Bacteroidaceae). Billn, FE{iBEAT 3% B TEAE A op VLR ME B AR5 3 7 IR IR B R
EHMR, SHUFFEREIEMR. SZMRIR, ISR RIE VR R AR5 H IR
RERHRIEAIR, SRR R A . IX R W RS A7 i TE W T 1 5 20 BT R 3 A S IR
BB R T4 52 20 KA
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2.7 BEMESFREAEREERSMEEERIKFR Spearman #HX M4
Fig 2.7 Spearman correlation analysis of intestinal phages and bacteria in healthy and

diarrhea piglets at family level

2.3.6 FRBIERE AR LEISe 4047

LEfSe 734 45E 1 M ARG VS A7 S AREAS TP (E R R AR AR Wb 5. il 2.8 s,
J& T Siphoviridae [4LERE J& W1k Sleepyhead H1J& T Podovidae 3L\ FF B J& Mk 14 14
CrAss001 73 I 7E (i FeAF-4#% el i A E Wb & 4, 1) T Siphoviridae f8EBR T4 J& 1 74 M102
FIAR T B W 1 1 PhiSe3 fE 3 (E b &4 (1K 2.8A). SR1M, ARG AT 4% F6 00 b JULAT 1 8 W i 4
CrAss001 A /Ew 45 (18 2.8B). R U1 &I 15 14 crAss001 W] HE /& M5 V5 Wi A A o
HIEIE A YIbR D o

A N H Az EEHC BEEHF

Siphoviridae_Rhodococcus_phage_Sleepyhead [ NN
Podoviridae_Bacteroides_phage_crAss001 NN
Siphoviridae_Streptococcus_phage_M102 _
Siphoviridae_Clostridium_phage_Phise3 NN
0 1 2 3 4
B LDA SCORE (log 10)

mm DF mm HF

Siphoviridae_Streptococcus_phage_M102 [N
Siphoviridae_Clostridium_phage_Phis63 [ NN
I Podoviridae_Bacteroides_phage_crAss001
T T T

5 4 3 2 1 0 1 2 3 4 5
LDA SCORE (log 10)

2.8 LEfSe S EEB RN SFERSEHEYREY, LDA S>30,

Fig 2.8 Identification of biomarkers of healthy and diarrhea piglets using LEfSe analysis,

and LDA scores > 3.0.
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2.3.7 WREER-TE E T 4T

W %W contigs 5 RefSeq i 122 H 4 1 24 R 4 A 2 1) CRISPR spacer £i4is g 3E47
ULHE, MW A0 TS5 25 (01 23 . 45 B4 505 MR 44 contigs A1 111 SR & 2 A 353145
683 /MILAC (K 2.9, [ 2.10A), VLHCH 111 MR Rk A 10 MR, HPRZHE T
JEEER ] (Firmicutes) (42.18%). ZZJZ ] (Preteobacteria) (29.75%) FHHAT B[]

(Bacteroidetes) (26.35%) a1, IXLCE[]RIFE 24 m A va P F 2w (K 2.9, B
2.10B, 2.10C). 5 =A TR UL EC A B AR AEAR R AT 48 el i, B M b £ 52 5t R
HMAKZR . BARTE, JEBER IV AR RRAT R E . B RS0 i i o B 43 50
85.96%. 18.329%A1 47.04%; AZJE [ T B 4473 3] /9 5.85%. 9.90%7FH 30.63%:; 1M #LMT Ei [
W T AR U 3 3309 7.71%. 71.36%A1 15.16%. 5T HE I TEREA L, V5 S BUFH %
A PR T A T B A O o B, RS S SSRHARE AR b JEE R T D T AR D & 23.43%,

AR IV B ARk 2 21.09%, T FURF A 1] W6 B A B i & 54.62%

61



TR FHEFERL

Siphoviridae —

Prestavirus .
Vequntawirus -
Roufvirus =~

Firmicutes

Tequatrovirus ———

Microviridae —

Rauchwvirus,
Thormawirus A
Peduowvirus — 3
Dhillonvirus~ 7i
Moineauvirus: /
Erskinavirus’/
Cepunavirus’

Viunawirus

Viruses_undassfied ——

Coetzeevirus
Ustakevirus '\
Helsingorvrus |
Firehammervirus.

— Protecbacteria
_Tenericutes

== —Spirochaetes

™~ Actinobactera

29 RRMSFREEARPIUNREER-BEXKESI . NEER, F-JIER
TARMARHADSEIHXNHREE; FINERTAIRER, BRERFENENG
(HD. Bl (HC) F#EE (HF), URESFENER. i (DC) F#EfE (DF); %

SHATERTHEBRIERKENSS (MELFEE > 1% WEHITHH); BMFIER
TEEMELEVKFEHSTREZIN, REIIAER SN ESERRBENEENERE.
Fig. 2.9 Predicted phages—host linkages analysis in healthy and diarrheal piglet samples.
From left to right, the first column depicts the viral contigs linked to hosts in six different
samples; The second column shows the six sampling sites, the ileum (HI), cecum (HC), and
feces (HF), of healthy piglets and the ileum (DI), cecum (DC) and feces (DF) of diarrheal piglets;
The third column shows the distribution of bacterial hosts at the genus level (genera with
abundance >1 % were screened for analysis); The fourth column shows the distribution of
bacterial hosts at the phylum level. Except for the second column, the heights of different parts

of the other columns represent the abundances of viruses and hosts.
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Fig. 2.10 Predicted virus—host analysis. (A) The relative abundance distribution of
predicted viral hosts (genus level); (B) The relative abundance distribution of predicted viral
hosts (phylum level); (C) Top 10 bacteria at the phylum level in relative abundance by

metagenomic analysis.

2.3.8  AN[FE A TR R A = B

FESRIN IR B A b, o AR X = PR v AR Wt B A = EREAT EL 0T, 4 R R DI e B
PR P R R e W I R, ELAR R RN i AR A A R S (&
210, Biltn, SEREAEMLL, BSHER AT TTREE (Salmonella), iz 5t &
HIREJE (Klebsiella) FIFLFRFF i JE (Lactobacillus) W& /& & 4, AR 2 A )&
(clostridium) FIEE Bk JE (Streptococcus) Wi B & FE 9l /b o B Wbk A v 25 il 41 18 &
(Campylobacter ). K47 # )& (Escherichia). 3k )& (Enterococcus). 7 %) Bk &
(Staphylococcus ) FlFLER AT B J& ( Lactobacillus ) W B 14 & 48, 152 3% 55 VK IS 14 & (Prevotella)
AJEE B ERTE B (Ruminococcus) J& M 1 A B/ o BeAh, FERRVE A 26 P & 2 &
TR PR Jo W A ) e
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Fig. 2.11 The relative abundance of predicted phages in different intestinal samples of

piglets

9T R TR A4 contigs VLG T AR T = BR 78 i 4 B R V& A R r A B L, THEE T I TE A
T X e T AT L R R KT B F R GEIRR M, FEAFSE I TE A, AL
VPR 2 R AR 2 EEFE AT FE AN R i R A i R 2 T — B AR (B 2.12), X e g JR W
8 P T R T AR i 2 O P PO SO T 5, A TR R S AR K
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Fig. 2.12 The relative abundance of predicted virus hosts in intestinal flora
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Fig. 2.13  Phage-host prediction analysis

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net

65



THRARFHEEFER L

X RRANIE S A7 5 i R A b 2 N IR R ) ZREVEREAT 0 . 2R, (AT S [l
W B WA ZEATRE i 2 I B AR ) 22 REVEA IR FRAIR, [ Jl AN ST it 2 TR A7 A i 35 22
(P<0.05). 21, SRAFEMLL, BIEFREIMEH 2 MR E AR SR E S (P
<005 (K214, AKiE, E@FTHIEES, JH 3 MRE T contigs #d e N E i
Wi A4, DCHRC TS S0 ARG AT B (Lactobacillus). +2E 4T (Geobacillus) A1
JrERE (Pediococcus). ZRTM, FENSVE FATREA P 4 8 A Z AWk B 14 contigs 280& 4 n 31
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Fig. 2.14 Diversity analysis of polyvalent phages in different intestinal samples of piglets
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ST YOV TR b, RETVE A48 v O T AR 8 1 2 A T SR 3o D 200 4 R ARV 7 A KR
AHWFTEH, AT HE ) T 200 BR3PV A A AT A, RS TR R ARS8 P T 4
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ZRMESMEMEDHNFEVES 2R 82 U 0. P g i 3 2R LA
Caudovirales ZJ, T4 iR AN IS T IRIRER LRI ERL RERL BIEREF
T B KR RL BERKERL BT WA AR AU AR S8 . IX g Rt D iR TR
Wi S R G RN, RUIER R, JOHJE Caudovirales ZXRIE B4 5 Wi i1 & 1
5H K.

FEN FLEN Y il i R R G E MRS T, ol 20 A AT o W B A TR A AE B T DD C
FWOAT W R AR B GRT S IE AR E EAEAE, LAERR AR R R 2t o, i e
VR A R P v (D0 385 40 2 1) 1 v B — St — SRS 7O — 45 R EEALIKI
BERF S A S5 R G A5 AR 26 A TR By S i B A M A S A (A 3R 8,
AR IS AR TR R 14 B8 0 1 A A7 A T 2 LS VR R BT AN (05 E T, W i 2
R BT 1 2 A 43 (101 L AN B AT IR, 3t A TR A 5 A A A7 1 SR R A
181]

BR T 9B A AL 2 AR A AR AT, W T AV PR AR A ] BEXT A R A D 4L 2R
S, BRI, Wi A AT LI ) 40 VA IR A YR KT R RS, A
ARGSIA, 2 (BRI E T SR B MRS 51 N BT LA 2k o L0 B S R e
DRIC3Y, B Wi T A (0 W T 3 B80T AN (O LA, T B AR RO ) AR A R AN A
AT OB FBCER 5~ R IR X BRSE I 4e Jo mT AR DA JEL AR SR K 20 1 R e CRn et
fil e RAEAE 5 IIRIRINE, T A 7 AIRIE A R0 . tedh, i s ik
ARA IR o — AV AR S5 IR AT RE 2 W 1 VR 5 R LB 1 2 TR B AR AR A DR DM iR 4 T
DL VAR G028 I LR A L S AR T84, [RIIbE, 28 W B AT B B 0 B AR 0
FIp MR FH AR 9 28 AT RE A AR ORI T ) B B4R

RAEATRE IS IR R R 2 2 6, (B3 5P imiamet e Senl g 0 i, 744
RS (2 WG TT /5 208 R B 59 . T IRV5 1758 18 Caudovirales 3% & %5, JfH
MR TR A JE CRIE 5 AR Z MK R AT 9%, BIXHiZiE Caudovirales /741 (¥4
5E AT RERONTZ W A 8 MRS S HA O v A2 T Bl LEfSe 73 A £ IS 4% S8 a5 & B
J&& T R W TR AR BRI AU B B W 1R 14 crAssO01 & 48 crAss Ak B 4% i N 2 Wi s 3 4
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RO KGR, FRAER LM b 5 3 S AU AR, W B - 3 T 45 L A A s
FF5E AT rh IR G B VR IR JB IR T 4 conttigs I 35 ' 48, X 3 I i 1k T AR 2L ) AR 1 S i e
(LT e AR — 3, XA IR AR IE A i s A e p 0o, tesh, S wrR
WA RYE AT 3B SR b R TR R B 4R, T B OB E Iz ke B, R,
R TR T J M T [ B8 — 2 Wi VS P (R e b 5 ), (I 2R R I RS A1
8 S 15 P A B AN K A P 80 8t — AP i 1 AN

W 2RI (FMT) JbiayT 7 XRAERL B S i TE G, ok A R A
PR BB AN B IR0 FMT 45330 72N B0 AR SCR W, A7 J6 A A sl 0 AL 1 25
AR AETE Z IR, SR AN AR I E R, X T RERZ FMT JR77
PO MRS R BT, SRR B R A (FVT) IhtiAyT 1 TR MR Bk 4,
S I B A AE P B 0 B 1 70 R ARS8 AT FVT Ja, W i n] peid i 1k
SRR 1 JlE T R B R T T IS S HAR R B H ). B2 FMT 382 FVT, #AH
G 2 R B E ANV R I TE R AR T e B A AR AT R DI SR, BRI
i LB A T R TE A R S S 1E RO EARR],  DUR R IR ARG T I iE
Rl R RE A T

2.5 /NG

2.5.1 (RTINS A P VR T AR R 2L S DR 2 R AT R S
FEE 503 T AN ) g AR 2 v W AT PR A0 o 22 RE T AT Ve 4514

2.5.2 {ERANETS 48718 Microviridae 7 #E#F FF2 3% % T Caudovirales. 51 FAF 34 AH
bt MEISAFREREA T #) Caudovirales e MG IN. BLAN, MRVGAFHE ST 2 i
B RYIFh 2 REE 2SR 0, ELUCHC 7 S 40 B AR A 1) T LS00 B

2.5.3 JEVS WA s i T T A M ik A B A R 2P AT AR A o A RN S W S £ M
WD A E A Z R S R M SR R R AR R, HIXF AR R
PUSEEVFiES N
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FITE MFREBEREAN S ARGs FB KIBTEREMIK
HER

TR PR 2 (AMR) B4 o™ B I A 3L A ) 0, RUE 4 2R AE
SR PRI, (2 AMR @8 K AR, BH0LE ARGs £ #E 17
Hoiz U i FPUE RS )2 AR, AR FRIH 25 M BRI B 45
BT AEERIOGUE . SRR, T 25 S AR A DR DRSS R T R 4 R R R BT
WRE RIGTFR, Jm B AR, Kk, L T i ARGs SRIEFI {4,
LB A R KU o

U RS Pl [ D 8= S e C7iNa o N PRk RIS Ay o/ G e
VRS ZKT JEE DR e R PR B BN 1, T DA I o R e 2 e 4 1 3 PR AL 1) — BB R PR 7 30
TR ASE A AL A, R R R I B AR AL e AL e A% B HAD A T v, IR 5 (e idh i 283 [T )
ARG 40T, R R, I & ARG 5 4%, MGE 2RS4 2 7] ARGs /K
PR EER U, R0, B AT ImIEMEY S ARGs Rl MGE K2 156 RINHF T
TEEREMEA RS, WEARE ARGs (W RA1RIE ARGs) BT FRAP,
S R AL 7T Q22 R W il A2 A8 R G SRR TR AR AN R, IS 0 S T A7 A R O
AR AR, X7 REIRSIX P ANEEIE 2 A1 ARGS B MO 1, g, BF S8R W JSAE AT LA
5 L AT R R IGE T4 £ ) 5 AL VR S5 A A I, T A I A £ B i et
195 1901 LRI, T AT R RS T A S B N R A i T T A AR X ARG 7
AR .

FEARFA R, FET AT (¥R T AR R BEAT ARG Bk, X I AEAF A T8 Hh B AR X
F2BE AL A () o AT BEAT M, 3 T A o AR A i = 22 TR B S8 R 4B s B R R R
ARGs # 1% B R R IR R R

3.1 M

3.1.1 SEIOTERR

R BL21 RS2 451t AR S0 % AR A7
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312 EESLINZ MK

SALEN, BEA GFSEED, BLHEIW) G5 B, LB Rt G5 B,
Tris-base (75 S ift#), IRE, BEN G5 BIEHED, IPTG (R4 3E-B-D-FrA UL i 2 FL ),
iU (BUNTEED G A TR A 7], BCA £ H & &= #1771 & (ThermoFisher ), SDS-PAGE

| LR CILSURED, SanPrep AR DNA /MR RAG (LT,
313 EEZHMNERE

& 2 KIR B 0L (ThermoFisher), fEIRAALIGFRFE (WMZK-0 BL. TR FAX
K, 7T HIRIEIK CEBEEHO, HEBREKNON—), 66 (Spectrum752,
R IR AF]D, PCR 1 (fH), pH it (MetterToledo) &2 WAt (Rainin),
EbriX (3£[E BIO-RAD A7), HLF#r R (FZ-1104, B/ rias) D, -80T H1k
JUKAE (Forma700, 3%[E ThermoFisherScientific 2 w]), #ilUk#HL ICE2 (7 K F] Scotsman 2

).
3.1.4 FEIAFACH]

RMEHEER: K05 g AFRHFHERIMAR, M ddH,0 E4 % 10.0 mL, MEIREN
50 mg/mL, Fi 0.22 um JELSILSE, /33T EP &

IPTG: #REX 4.8 g ¥R, MIA ddH,0 &% % 20.0 mL, FCE RN 1 mol/L, A 0.22 um
JERRILIE, AT EP .

Tris-NaCl 2230 : LAIKEE A 20 mM Tris A1 200 mM NaCl [ EL 47 ECE , # pH
WA 7.5, 022 um JE ST IE.

2.5M KM FREX 170.29 BEMRY A T 800.0 mL ddH,0 H, Fe/rtRkiami G, Wk EmR
W% pH {H=8.0, JIA ddH,0 SEZ % 1L, F 0.45 um 3ESSILIE.

32 HE

3.2.1 WEEEM% ARGs F1 MGE K 1wk

BT 1.2.8 AT A EE LR, @it Diamond Blastp 4 (v.2.9.0+) 4T
W B AR R K B 7 815 CARD (ZRE ik 2t 25504 7, https://card.memaster.ca/) it 47 Lt

Xf, Jiiik e <le—4 R AEILECA R, VERE ARGs. IbAh, WRIEIAFERK & A FF4]5 MGE
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B (https://github.com/KatariinaParnanen/MobileGeneticElementDatabase/)i3:4T Blastn kb
Xtiiikth e < 1e-5, B > 40%HJLEXT LA, [AI ] Diamond #ift (v.0.9.32.133) Wi
AR 2 B4 5 NR 8008 BEEAT Eoxs, DURAE 73 B0kt e < 1e-5. B % >40%
T BT &5 R o P A Bt 26 i e 5 2R (S R4y MGE 26 Al ) e 28 i 1 45 R - AT 78 Hh MGE
WIHN 7 3K RNy, BAEE. EARE. M. 45EF T, ReC (5N RE SIS
JEFASS) A FEAH KL A o

322 EFFEESTESMFIERE
SR FERE T SR I REIE RS 2T 1.2.9,
3.2.3 WEEAEMEE ARGs skt

NI TE 5 A7 W T s DA RO B 4R P 91 e 5% ARGs HEAT AR RIE A VERAIE . H T7E
Wi TE 4 contigs1700 Hr 4 5E PN FERE H2RMT 253 (K, ANT(9)-la 1 ANT(6)-la, EHEH:
th—~ ARG HJ] ANT(9)-la #EAT R AMETEIRIE . ANT(9)-la K541 UL 3 S2. FE R & Al
JFURLAS SRAE A A TR (i) Ry A BR A ml 8EAT, 3R pET-28a(+), BEVILL RN
BamHI #1 Xhol. #42w) & B BORLA I G0z b 22 BL21 J&sz 84, APIRITF: (D
I 2 uL ORI ANF] 50 L &Sz, UK 30 min, ## 90 s, FHRUKHE 3-5 min. i
JE AN 200 uL LB ARG 755, 76 37T #RARLL 180r/min £53% 1h. #3100 uL
WHEIRAT T 5B KMEZR (50 po/mL) 1) LB [ERE;FR5E I, K d TREE S 37T
WA PR 16 ho M LB ARG IRAE FORECR A, HMBIEE RER (50 gimL) 1
LB i fARE 73 p, JHUE T 37T #EPRH LA 180 r/min 1537 16 ho KERE R BR% A B,
SR BEE PR e 4 IE R B R Sh 4 78 pET-28a-ANT(9)-l1a-BL21 FiA ik, W5 20% H g &
JE PRA7T-80T VKAH -
3.24 ANT(9)-la MBESRESHELR

HY 50 L ANT(9)-la X B H MM T 5 mL A RA%EZR (50 po/mL) 1) LB i
PR FREE R, TE 37T FEIKLA 180r/min 1578 5 44 K] (ODgoo= 0.8). H4 HREAT vk
BRIEJG, TN IPTG ZLKRE N 1 mM, BT 16T RIS LL 180 r/imin 4k4L15 5% 18h %S
FERIFIL . 200 b 3535 RIS SRR LB [ R IR APl b, o IRZHEL 200 pL
BL21 53R B SR AT B LB [ AREE IR I-F AR b, B M B P s R Ay
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S NGB PEANERA BB TR AR, BT 37T EAE % 16h, ML,
325 ¥

AT K R BE M A al AL FE i R 31 (v.3.6.3) . Cytoscape i F(v.3.2.1)
(http://cytoscape.org). Excel 2013 F1 CLC Main WorKbench %5 8 i % {4:(CLC Bio-Qiagen,
Aarhus, F+3) . #HC1H A1 Bray—Curtis #E 2548 H R #4F1 vegan G145 A#H R #4411 ggplot2
2:4 7 PCoA . FRREIAFELIE . fHH Excel 2013 £l DFE . BRI ThREAE LA 1R = B
7 CLC Main WorKbench A= jfft) . PABEHLIHRE 9T 30T A FIFEA 1 Caudovirales i
B HCE, A R AR vegan G0 R B I 24 o TR T A4 R TS5 R, ) ggplot2
BAtezh] T Sankey K. #R4E ARGs FIT7ENR B A4 1K) 3= £ 1E1T Spearman AHICIE 53 (cor >
0.8, P<0.05), ffiF] R #F1 igraph £l FHC . FEHURI VR ARGs Fl MGE 2[4
(I B AATE, THEA R ARGs 5 MGE X4 %, I Spearman Al 434 (cor >
0.6, P<0.05), Jf#iH Cytoscape 1T R #iAL . A1 77 22 431 Al Wilcoxon #% FIAS: 56 [ A%
R BMABEATG 0T (4 Mauve  (v.2.3.1) MHATHEFAILE M T, *P <0.05, **P

<0.01, ***P<0.001.

33 &R

331 fFPHEBIEME AR ARGS fitik

TSR TN, L3RS 59,955 MR AAIER, KX UL 5 CARD i FE Lt ik
ARGs. #5HILHHIEH 112 4> ARGs (8 3.1, Bif# S3), K 0.1868% (112/59955), ixit

ARGs 3K H T 91 MWE R 44 contigs.

3.1 MEIEEAHEX ARGs Hi=

Fig 3.1 Number of intestinal phage-related ARGs
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B MRAR FI3F WWFEBEEE RN T ARGs #4500 A s Bl IR £ &

332 MFREAFRBEERABRRE AR ARGs FIFXFE

T3 T S BT E A5 A R TE AR AR TP TR A A5G ARG FOAHXT 2. S5 R BRIl
IS RE IIEREAR TR IR A % ARGs [ m TR AE (& 3.2A), [EREEME, T
WIS R IEEAHE, B4 ARGs (322 25w T i MZE(ERE A (P < 0.05).
BEAh, SR RERE A LL, BRVSAF A8 SR A TR T AR A 5% ARGs IR R T (P <
0.05) (& 3.2B).

A B 0.080 *
0.020 ®
Q [} * ¥
g % 0.060
8, 0015 X T
c O 3 <
3 C oo
a0 © O
© O 0.010 o® 0.040 #
o O 2
2 T <
o < T = * *
0% 0.005/ ; © 0.020
2 £ i
= 0.0001 0.000 - T T T T
Diarrhea Healthy HI HC HF DI DC DF

32 RRMSFREAEMERAPIEREAHEX ARGs HIEXFEE
Fig. 3.2 Relative abundance of phage-associated ARGs in different intestinal samples of

healthy and diarrhea piglets

333 fFEmEREAES ARGs HHRMEDHT

¥ Spearman A 43 #T, 11 4~ ARGs 4375 Microviridae. Siphovirida. Podoviridae
A Myoviridae 2 EEFIEMHE (B 3.3). BAKME, Siphovirida 47375 K¥ A B HLPERE A
mel. FRATERGIIERED] ErmB. MR ATEHUIER A InuC. ZIEREH HUERE ANT (9) -la
FIPUER =AML tetW 238 IEAHSC. Podoviridae 43 7l 555k 75 2 M M 5 ] SHV-159 Al
KIS N BB ZE K mphA & 25 TEAH G . T Myoviridae 73 71 5 K3 A RS FE ] mphA
BEIEMK. BE4h, Microviridae SEGEMH- R HTIERE A IsaE . FERLPTVEHED vanWG FI5L
B RPUEEED catlll S35 IEAHSG . (AR, RN Mimiviridae 155 # contigs H1 &
DL R Uik 2L K adeH [FIVEY), JF o5 WEE 4 R 83 IEM %, X R miE
Mimivirdae FI /& ARGs VS FEE A7 (1813.3).
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ErmB

mel

ANT(9)-la

" SHV-159 adgH

7 IsaE
~MicBviridae 1 Mirfliviridae
Mlc.\!rldae rrlphA rifiv

4anWG

e

- ARGs
R —— 1 ® Phages
po.idae ey ® Mimiviridae
InuC

3.3 MEF (RkFE) 5 ARGs XM

Fig. 3.3 Correlation analysis between phages (family level) and ARGs

3.34 fFHEMIERE AR MGE B R ffFEM=EE T

SIS A5 R W T A B F B RNk, AE 237 ANWETE A contigs HRIL R EL 303 A
MEGs [FlJ 3. EAIF Y, KXt MGE 2 H4r )y 7 2%, B4 [iEg (Transposase).
‘AR (Recombinase). 4 CIntegrase). %) AHCHEE (Transposition-related) . fi &5

(Resovase). FL¥E#% i1 (Conjugative tranposon) F1 RteC, JH: i Ja il 3ok R %5 2 A1 AE %

FE R, HOOREAMARSEEERE (K 3.4).
0.0004
@Q
5 160H4s g
é 8 0.0003
5 120 =
® ® 0.0002
S 801 67
S 64 g
g 40+ © 0.0001
= 2.9 2 &
0 T 0.0000
);\ /0 ). ,9 O ,p . T T T T T T
% S, ‘e, "0, % Q 2 V)
%%@o%c‘b" %% %, %, C %, € ¥ %@o 4?S"‘o %’0 £
0, B8 s, %56, G, R T 2, % R
S H, O 8 Y T . 0. S5, By 89 0
%% % % ) %, R %
e S ) &, 2, Y% ®
8 ?0 (9’) /59/
{é o@ ’OO ‘9‘;
(°4 O,> d‘oo SO'
34 MEREAEEES MGE EEKEMMENFEE
Fig. 3.4 Quantity and relative abundance of MGE genes from gut phage genomes
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=k MRAE 3% WITHMEEEHIKANF ARGs #4500 Ak RS2 F

AR, SHER AR ARGS I ATRAIE—50, W R ARAHSCH MGEs 268 125k H
B R o FRANS S AT A8 5 M BE A vh W T AR 95 F) MGESs J: R =R B2 v - [l i M (AR A
S RFEAML, MBI SERE St MGEs J5[8 (L ey AR, AR, 58AHK
Wi, ERIBEM ReC) MOFERE M THERME (K35).

A B
° 0.0008 * 0.0015 * 0.0002 *
Q o T (] 7]
c B [ [
1] o Q
Ta S 0.0006 = & 0.0001
5c o © 0.0010 o
28 5 : i
o £ 0.0004 * z * 5 0.0001 Lk
£9 e ® 0.0005 * e
5= 2 2" 2
o i 0.0002 5 3 0.0000
o &) [} [}
£ 0.0000  0.0000  .0000
H HC HF DI DC DF HI HC HF DI DC DF HI HC HF DI DC DF HI HC HF DI DC DF
Transposase Integrase Recombinase

0.000001

3e-005 0.000015 *
[ w [}
8 8 8
g £ 5 0.000001
T 2e-005 - 0.000010 °
c
3 =1 3
£ 2 -g 0.000000
2 12005 2 0000005 2
E T * £ ® 0.000000
g 2 ¢
0 © 0.000000 } 0.000000
HI HC HF DI DC DF HI HC HF DI DC DF HI HC HF DI DC DF HI HC HF DI DC DF
Resolvase Transposition-related RteC Conjugative transposon

35 fFIERpEREE A MGE EEHEEE
Fig. 3.5 Relative abundance of MGE gene of intestinal phage in piglets
(A) FREARMEHAPEEAEX MGE £F () HXFEE; BEMESTFRETRER
EATREFEEAEDEERE (B), 48 (C). EHME (D). N (B). #EME
X (F)\ RteC (G) F#tipsLrET (H) HYMEXEE.

(A)Relative abundance of phage-associated MGE genes (total) in different intestinal samples of

piglets; Relative abundance of transposase (B), integrase (C), recombinase (D), resolvase (E),

transposition-related (F), RteC (G), and conjugative transposon (H) from phage genomes in

different gut samples of healthy and diarrheal piglets.

335 HEAERATESEERKERS

G TR WR A A B G B R] (Johnson 55N, 2022) 0 X AN [EFE AR 24 1 7+ 5t
PR RS AR SR AT oM, SRR WIS A 8 SRR A T 240 T A BB g B T 5
&R EC TR (&13.6),
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3e-007 - *

2e-0071

1e-007

The relative abundance of
integrase genes in bacterial

H HC HF DI DC DF

3.6 RREHADAEALE AR

Fig. 3.6 Relative abundance of bacterial-related integrase genes in different samples

3.3.6 MEE 4K contigs H' ARGs Al MGE Z:H 3L PR,

X ARGs Fil MGES 2 K [0 8 4 contigs JE [RIZHHEIT 08T, RIUILA 18 /N
BRI #7H ARGs 1 MGEs F:[H (8] 3.7A). XSG T4 5 41 43 51k 1 1 e (15 1) 1]
fattAs (54 contigs) FIEgFEA (4 /> contigs) VAR IEVEAF 34 I Il B REA (5 A4 contigs)
FIEMFEA (44> contigs). AT BN IR S g it I 1 1k [R B 45 ARGs Al MGE £ [H], BEAL
P T ok 5 ANERER 4 contigs 1R AR IEAT B R4 nl AL 45 SR R FE AN R 46 contigs
HEINAFEZ S ARGs B MGEs ZE[H, JERILH AR LI G0 (& 3.7B). 4N,
FERE A 14 contig 1700 H, [ L =AN EAEGSE DR (L AP BiAS R A sURE S e AR AT
PEIE ANT (9) -la fl ANT (6) -la. MM sife P B 2ARG . 1S3 S PR A tE 5L K]
ANT (9) -la. Isa (E) Al Inu (B) JL[AHILLE contig 39656 K ZHH1. tbAh, #JRERE TnpV
AU R PTPEEEA tet (O) 7E contig 21801 HH AR HIEL . (EHISFE N2, contig 21801 #f %
TENEZMBEBEARIT S, X R RESHIN ARGs TEBET V2 15 R A& R XK. BR contig 21801
PAAh, RAEHAB LN F A contigs & Bl ARGs, [EE At 24 Wk i B P T % B MGE %
(E3.7C),
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= TRNE B 3T WTE ML E AR T ARGs #4589 R i AR IR B &

B Sat-4 IS5 family transposase
ANT 6)—Ia/. / sfM API?(3‘)-IIIa
Contig 65264 ) mm——)——)—mmmm) 6585 bp

1S21-like element helper ATPase IstB
ANT(9)-la  Site-specific recombinase Isa(E) [nu(B) IS3 family transposase f

E——
Contig 39656 — ) —: ) -)— e—-E) — ) ———— 8107 bp

tet(O) TnpV Recombinase

| |'» «
Contig 21801 #- — () - —- ) — (—— g 10,047 bp

Site-specific recon?bir(\(ase Site-specific recombinase

X \
Contig 31195 ,:_;...l_ ¢ <= ‘:’: = —’—»\—>—»-19995 bp
. . . Recombinase
Site-specific recombinase / Site-specific recombinase
1] 1 ne | (NN ]

| >
Contig 1700 41> )-4)55-40Hh P04 o444 10 14 i i G oD -4t 138050 b
ANT(9)la ANT(6)12

C

Tyrosine-type recombinase

o)
4 (11 AR N
contig_34298 He P — e o a4 64218bp

1 Transpossse |

» =» ) » > » R [y » » IR
contig_66982 — ) ) ——) 15p p—th ) —)-m)-S)— D)) — DD H— I EHED DD — V8 —H— D) pE 47585bp

184 family transposase

contig_31535 L—‘-{_—)—M}_—é_:q«m—t:ﬁ.!‘f : 33,271 bp
Site-specific tyrosine recombinase
4 ‘ =
Ll 4 4 > »> <4 4 Le——1
contig_2475 <= mamE—44e o)) @) —¢u—tamm gumm¢ 26,507 bp
Holliday junction resolvase
‘ » =4 — —
contig_6123 p—immm—mp- — s 10,686 bp
M Antibiotic resistance gene I Mobile genetic element gene W Virulence-associated gene
Phage structural protein Nucleotide metabolism and replication W Hypothetical protein [l Metabolic correlation

3.7 17 ARGs 3 MGE E[E RIIEEE {4 contigs BRI
Fig. 3.7 Visualization of phage contigs carrying both ARGs and MGE genes
(A) Venn EIZ7R T 4%wF5 ARGs 3¢ MGE ERERIIEE ARV E; (B)iEH ARGs #1 MGE
EFERERE contigs EFEAREE; (C) ZNMEEF contigs BIEFEILH FE
(A) Venn diagram showing the number of phage contigs encoding genes for ARGs or MGE
genes; (B) Genome map of phage contigs carrying both ARGs and MGE genes;(C) Genome map

of polyvalent phage contigs

3.3.7 3L ARGs Ml MGE ZE R M =tE04r

T [FR AT MGE JER T ARGs [IE A contigs, 1H5 7 ARGs fl MGE & [X ffiAH
XERE, JEHEAT T Spearman MG HT. S5 RFE ], ARGs Al MGE [ 2 M 4775 2.3 IEAH

* (KE3.8), Bk =, B H S5PiERERE ANT (6) -la. ANT (9) -la. InuB. InuC.
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IsaE. tetO. tetW. aad (6) Il SAT-4 %35 IEAHK o B Pl 3 ) S HitEHE A InuB. InuC. IsaE.
APH (3" -llla. SAT-4., tetW. ANT (6) -la #l InuC £ 235 IEAHC. M BSHG 4 Sl 5 5t
tetO A1 tetW £ 5.3 1IEAHSC. BAh, Femitf Sl ) 5 HirEk ] ANT (6) -la, ANT (9)
-la. InuB. IsaE. tetO Fl tetW 3 IEAHK . IXEe55 RE W], MEEAAHIC MGE £:[X /2 ARGs
W E LIS R . FEREE, X 18 AN [FER 447 ARGs il MGE =K [1)WR B /4 contigs i
AT MR E R JE . IX B R & contigs H% 4 O 45 6 A HE BR OB OME R iR, HP
Streptococcus_phage Javan630 .  Streptococus_phage phi-SC181 .  Streptocccus_phage
_phi-SsUD.1 . Streptococus_phae_hiSC070807 . Streptocus_ssatellite_phage_SJavan415 #lI
Streptococlus_phage-phi-m46.1 (& 3.8), KA HIEVEEAF ARGs Al MGE &K )4
A7 7] BE -5 EBR TR R 1A S FL A 3 B BEBR T A %

transposase
transposition-related
recombinase \
transpogfjon-related
@ Streptococcus_phage_phi-SsUD.1
ANT(6)-la
recombinase |
. InuB transposition-related Streptococcus_phage_Javan630
. aad(6)
reco@ase . Streptococcus_phage _phiSC070807
tra‘ase
APH(3)-llla Streptococcus_phage_phi-SC181
recombinase ANT(9)-la _
{eap @ Streptococcus_satellite_phage Javan415
transposase
SAT-4
@ Streptococcus_phage_phi-m46.1
recor‘se

transposase

) ‘e res.se

3.8 I ARGs 5 MGE ERE XN

Fig. 3.8 Correlation analysis of co-existing ARGs or MGE genes

3.3.8 FERRTAWR B AL R 4H mT R4k

N T B IRAT 3.3.7 IS 3L, I NCBI A% HF IR KR 12 Hh 18 22 3% /P Bl o e Wt e 4
4L PRI PP 20 F EAT PR, IR AR k), AW (A5 DT AL #R 5 H ARGs 1 MGE A
[R5 4K Streptococcus_ssatellite_phage Javan415 14—/ MGE (&) Al—4> ARG

(INuC) Ak, FuAt oA R T Wk 1 A JEE R 41 35 5] I 4857 24 ARGs il MGEs £: R 7E1X
6 INEEER TR W AL R 4 b B3t R LT 12 > ARGs F14 > MGEs 3£ [, Hirb 7> ARGs [tetW.

tetO. APH (3") -llla. sat-4. ANT (6) -la. ANT 9) -la fl InuC] FIFTH 4 4~ MGE 3&[H
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bk HAAE H3F WMWITEBEEFRANTF ARGs B AR AAIRS B E

(AR, BEE. R TnpV) 746 T [R5 ARGs Al MGE £ [ 4T 4% iz i 05 B
RIERAF (] 3.9),

integrase APH(S) llla

tetw sat-4
'» \ 4
Streptococcus_phage_phi-SsUD. 1 - .—‘—‘-‘—53743 bp
recombinase Erm(B
ANT(6)-1a AAC(E'}HIb ANT(©)1a ()
Mef(A) | | transposase integrase  yransposase
(WA | |
Streptococcus_phage phi-SC181 - - )+ 59334 bp
CatA8 ApirA recombinase
Mef(A) M‘sr(D) recombinasel Tan tetO
Streptococcus_phage_phi-m46.1 »a) “ 58144 bp
integrase
Mef(A) Msr(D) | APH(3')-llla Erm(B)
Streptococcus_phage_phiSC070807 —— i .—(—ﬁ-‘- 57638 bp
reccmbmase ANT‘G} la
Streptococcus_phage_Javan630 .)-—*—.'—}—43058 bp
integrase ANT(8)-la J-‘\NT(Q) la
| InuC
Streptococcus_satellite_phage_Javan415 —{ "‘ 9907 bp
M Antibiotic resistance gene M Mobile genetic elements

E 3.9 HEEkEREAREEERTRE ((RE/R ARGs 1 MGE £[ED
Fig. 3.9 Visualization of streptococcal phage genomes (Only ARGs and MGE genes are

displayed)

3.3.9 [FI#EN ARGs Fl MGE £ il iEWE B 44 contigs 5 LR i SEER 1 W o
R IL 2R B

5 3.7B el AL 5 MR IEVE B K contigs 5 6 ANMEEBR B I 1 447 41 1R AT 32k
ST, S5 R EIR AT ALY 5 A7 IE VR AR contigs 7514 A 5 6 ANBE ER B W B AR AEAE [FR
B, XHE—BRAE T 3.3.7 TSR (& 3.10).
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THRFEEF R

T T T T T T T T T T T T T
10000 20000 30000 40000 50000 60000 70000 B0000 0000 100000 110000 120000 120000

contig 1700

W T e _| |

T T T T T T T T T
2000 4000 &000 2000 10000 12000 14000 16000 18000

contig 31195 ‘ er—MJl Mirata Lild ahad LML RS am At N

Arﬁll.’%ﬂ'h_ JMM’L-L.JMM

phage_Javand15 ‘

T T T T T T T T T T T
S000 10000 1 5000 20000 25000 30000 J5000 40000 45000 SO0M00 55000

contig 21801

phage_phi-m46&.1 [.h I [ .1l|.L ’ ™ LL!I W

T T T T T T T T T T T
5000 10000 15000 20000 25000 30000 35000 40000 45000 500000 55000

phage_phi-SC181

T T T T T T T T T T T
S000 10000 1 5000 20000 25000 30000 35000 40000 43000 SO000Y 55000

contig 65264

. ] 11
hi hiSCO70807 h
phge.#n HH Ly [T

3.10 {FREMBEREEK contigs 5 PLAC A BEKEIRE R A R F LAY H &M AR

Fig. 3.10 Collinearity analysis of piglet gut phage contigs with matched streptococcal

phage genomes

3.3.10 % ARGs il MGE [ KBE 1A contigs 5AILEFHEER AR
Z AL

T RIS ARGs Fll MGE &K (1)W1 /4 contigs H (1) ARGs A& 15467 T- 4l i #% 3 s
b ¥ 2 AMREPERETE 14 contigs ML TR T 4115 NCBI AL BREUE PE AT 1 Honf . 45593k
W, 2 MU contigs thgRTy ARG HFF 41 Jr B 5 ELFEBERR B TE A 1) 22 Fh i 1] v () R
ICEs B i 155 2 Fh 4l B A2 3l oA 1) )7 F1I 2 L HE v FE 3L 28 M (8] 3.11) . i 4, 7E contig 1700
o, HE 24> ARGs [ANT(9)-la Al ANT(6)-1a]E P F 3 K] A B2y 1) 5 28 i Bk B ( Enterococcus
faecalis) e sILHEN) T4 ki pJH-T4A(KY290886.1) 1 T # i Bk 1 ( Enterococcus raffinosus)
F162_2 Jfiki pF162_2_2 (CP072890.1). 4 #i (% Ek1H (Staphylococcus aureus) SA7112

AL pSA7112-2 (KX011077.1). J&%E¥KE4 (Streptococcus suis) ICE Juff ICESsul4ND70
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HF HARALE $3F WWTFEMEERARNF ARGs #4500 % A2 IRs) 24

(MK211807.1). J& E 4% Bk # (Staphylococcus saprophyticus) GDY8P168P Jiifi pY8P168P

msrA (CP065799.1). J&FF#E 225§ (Erysipelothrix rhusiopathiae) ICEEr0106 #% 3yt 4
(MG812141.1) Fn# K3k (Enterococcus hirae) 697 ki p697-a (CP091202.1) fr)3k
RF 5 IR (R > 99%, [F]—1E> 98%). IXLusf TN, Rk s e v oA (1 i 245
M5 ASBIE P AR SR B e Z AR B, #E— A T I E R A2 ARGs
(1) B LA

A 70000
66000 67000 68000 69000 71000
Contig 1700

Enterococcus faecalis strain Transconjugant

T4 plasmid pJH-T4(KY290886.1) 007 PP

i | |
— (. (.- 34598 bp
1 :
Enterococcus raffinosus strain F162_2 ! w
plasmid pF162_2_2(CP072890.1) f , 123777 bp
Staphylococcus aureus strain SA7112 H 1 I
plasmid pSA7112-2 (KX011077.1) 16373 bp L—'-—_"_“ 2054050
1
1
|

27958 bp

Streptococcus suis ICE element
ICESsu14ND70(MK211807.1) 36204 bp

== ‘
- (S 40351 bp
| I

|

Staphylococcus saprophyticus strain GDY8P168P

plasmid pY8P168P-msrA(CP065799.1) 8704 bp 12812 bp

|

Erysipelothrix rhusiopathiae Ny
ICEEr0106 mobile element(MG812141,1) 33166 bp _—-_—f 29864 bp

Enterococcus hirae strain 697 plasmid ' _—_—_—_’ 3578 b
p697-a(CP091202.1) 6713 bp P

1000
B L 2000 3000 4000 . 5000
Contig 21801 — —— tet(0) —Tnpv—iH—
) '
Enterococcus faecalis strain E509 __-_._—_-_
plasmid pE509-3(CP086563.1) 4941 PP 47502bp
Salmonella enterica strain 2016K-0796
plasmid p2016K-0796(MH760469.1) 127758 bp —-—.—_—-— 131319 bp
Streptococcus suis ICE element __-_.__-_
ICESsuYS3(MK211808.1) 32677 bp 36238.bp
i
SRpImocEUS Ul RESITRIT  g306bp *—&_—" 11927 bp
integron(MK211787.1) : I
Streptococcus pyogenes strain ! \
iB21 |CESD2905(FR691055 1) 41583 bp _-_"—_-_ 38019 bp
B Antibiotic resistance gene B Mobile genetic element gene

Nucleotide metabolism and replication Il Metabolic correlation W Hypothetical protein

3.11 #7 ARGs #1 MGE ERE MM {4 contigs S HER BB E MR EE ARSI Z 8]
235 Ak A NN £ TS

Fig. 3.11 Simplified description of collinearity between phage contigs carrying both ARGs and

MGE genes and bacterial genome sequences in nucleotide databases

3.3.11 R HEWHEAISE ARG ANT(9)-1a K TaEMEE
SN T I B T A4 i T W T R A THRE M ARGS, M T W T AR SR IR P e B — A
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TR FHEFERL

ARG HEAT RSN RIE AR E o 45 R st ) ANT(9)-la FRIE kA 75 3 I AT EVE SR
B, FHEEAR EERES T RN 34 kDa (%4 (B 3.12). % PET-28a # ik A &
AT I His br%0 T & (29 4.5kDa), MIhaith 5 ANT(9)-1a (29.73 kDa) 7r FEAH—3K
A, R ANT(9)-la RIEFEHRSHE T I5 ANT(9)-la & 1 lIhRiE.

2 3

KDa

180
130

100

15

& 3.12 EH ANT(9)-la £t Ay SDS-PAGE 43#f
Fig.3.12 SDS-PAGE analysis of the purity of recombinant ANT(9)-1a
(M:marker; 1: SR EMNAFITE BL21;2: BEGH LER; 3:411L8) ANT(9)-1a)

(M: marker; 1: expressed E. coli BL21; 2: supernatant after crushing; 3: purified ANT(9)-1a)

3.3.12 ANT(9)-la Tk BRI IAE

WK 3.13 iR, iR 2BUT PR IRAT A BL21 B A [ 4 B 9% L 2 T 7 A B 6 fg 3
W, HEZ T, & IPTG % S5 1 ANT(9)-1a-BL21 54 M AE 5T 55 2 2458807 i B = A 9t
PEB PR, X3 W75 R B e 8 A48 5 1 ARG R i B Ak H BT 24 26

ANT (9) -Ta-BL21

3.13 EH ANT(9)-la Z5408UR M 54T
Fig. 3.13 Drug sensitivity analysis of recombinant ANT(9)-la
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F—F FRAE F3F WHIFEBEEHERNTF ARGs K ERZERIENEE

3.4 g

WA ARGs AL W B ARAE N BT A s o455, Al A2 ) ARGSs /K-FHEF% )
AR 25k R ™, Enault 25 AMT5EE, W B AL N AR & ARGs, FEATTRERE T
W R AR B R 2 ARG TR =52, At AT A 8 2R ik B 4 R DRI 2H rh ) 121,506 AN B 2 1 Y
e 2 4> (0.0016%) HIEK] ARGs. FEAHEFEH 1 24 MiEEd, £ 0.1868%

(112/59955) HIEEEM NN ARGs 751 s ARGs LG5 HARAT 78t mihs il 21

() ARGs /KA. Bian, X1 A 388, S sl it ol b il 2 B0 s L b Ry
ARGs [ A5t FE A 0.0019%%5 0.440%M 2799 Johnson 24 \M7I7E 5% 265 ) 141,701 A4
LA AR R) 14 4> ARGs, FE %0y 0.010%. HHLLZ T, AHE T A7 piE s
PRIE R4 i) ARG Rl 2 55 H 18 £55(0.1868%) , {H1X 55 Johnson 25 AR BLFE AR M5
UNTEARF T, R4 (91.83%) % MWL RADE ARGs J3 413K B A48 B IAFE A,
HAT 3.41%[] ARGs [ A2 K A B IAEREAR, FE(EH ARGs IS 2] 75 0.00637%, X
15 Johnson %5 A FIRF 7 FAR I, BB, AR P BV R A OE ARGs $:%
RN R [R5 AT LB A R AR AR 2 2, R TR i T I D A TE A AR AN S ARG 1
Ko AR, A O B BURLEEAT 1 4lik, IR BRI TR R LR, JHME 2
P EHE FE R T A% 0 TR A1 XS Ak 7ok BRI 28 DNA U5 ARGs 5%
AT Reft.

AP REVE T MGE IR 7K 56 A 2 200 B 225 D5 AL kA AT S A PR 58 7 1) L
i, HAEFEE ARGS 1% b (3R B F E 51 T2 Xk 2%, RAF A R E R 9%
T Fr MGES, {H 20 it Wt 1 1 56 DRI 41 h A G MGESs 1 & B RS AT Aty s 0M,, X
TR T, AT S e e T L R 2 b MGE 2[RI R #2257 0.5054% (303/5995), #4124
ARGs ) 2.7 i, e rvi e g B PRI ARG =5 B2 de im0 IX 5 2 BT HROE — B, B2 R gL ]
R E WA R ER MGE R, A REEN FE I MHEAE b A F] 1T 2 18]
ARGSs H:H5 b R HE AR FAPY 208 DRI, I B A A XA e g 56 R T i 2 R 3 et 4 A
ARGs F# i) B H K 3R

MGE J[K A1 ARGs 7E4I i F3EA7 AT 6 23 INJail ARGs (4 R RERED> 2%, (R an e
AP IER R (B B, MR A RERI 2 ARGs Rl MGE 2 [H (L A7 Rl RE N ARGs
(LUEFFFIALSE . FEARDF 70T, £ 19.78% (18/91) MMIfiZIBEWETE A contigs A1 #5747 ARGs
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THhRFEEL 28

MGE % [K], Jf HIX4E ARGs 15 MGE P Z [AIfAE R 3% LA <. BEEREZ, £ ARGs 5L
MGE & [R5 H H — Bl B A contigs H AL, IX ORI 115 E A E 3k ARGs 1R .
Li & N — IR, 8 miE i s i i& h ARGs fil MGE ML SR M RGKE
AR, BT AT BRI AR RSN, P ROR A, ASEE AP ARGS
A MGE %R R TR 4 contigs A # 7 B 4s AT R RHR TR 4, T2 4 57 o4y 6 FhaERk
TEWEBER, TIIX 6 N ER B G B4 A b8 LA 0 B R T2 SRt A A A7 2 0207 i g A
T R B A LA SE R 7 3 A AE R v, TR TR R (K B A A R AR L0
PRI, AFHE I E R R ARGs F1 MGE 2 [A] 1) A7 4R AR sUALL - AN AL R0, T
SHRERIWRE ARG A K. BT AU SRR E SR E R — Mg, B,
AW B A T ARGS il MGE Ji: R L A2 4 R 0 T SRR A A %, I il — B4R 2R
EASER MR, e ARGs Fil MGE 2K 1) 18 14 contigs 7, #%+7 ARGs M5 [A F B /e
NI b 5 O BEER A R A B 2 R B R B ORE . ICES g JRa-1 A1k BX] B 1y 51 R 3
i L. EEAR, XA TR SR RIE TR ARGS®, X R I LA i b
ARGs T RE IR A S HRe, BEBKDA R AT BEZ ARGs ) “rrdbuf”. Mz, Xeegi R
HE— DR T I E R R 7E ARGs 4ERERIME G R I E 2R .

TP T2 WY JRE T TE s P9 55 S5 4 4 75 W A 5 DR AL e, T A 4 s S 6
A Wit g RS 18, R (5 1.3.01.2) AT DLW RIS S AR S A A rh R E
WRHEBT, UL SE R T 2 R B MR A IR . SR E TR MR, IS TR s e
Caudovirales =22 Z NN A< 5 AT 5T 2% B 200 1 58 LR 2L o 47 5 0k o 5 R 2L IR A 1)
B WL DR (0 E AR RS AR O S v B PR BRIk, IRVE A7 4% 36 Caudovirales Y
F=EIEINAR AT BE 2 B 118 32 b B SR MR B A R 75 3 o B 15 e A A S FL B J IR G (R 4 T
fiE 3, W PR L DR AT AR RS BUARSE R AL, 3 CUAIE I AR AR AR e phy s 2 000 208, s
()2, AWFFt &M, £ ARGs 55 Caudovirales (Siphoviridae. Podoviridae 1 Myoviridae)
RYLH B35 EAH G, IRYEIE T BEEE 45 ARGs Al MGE 25 [l (1 15 B 44 = FE 1) . 25 38 m,
XK AT BT W T A s DR 2 85 1) 4 A R DR 4 b, AT S8 I 4 B B 7 vh ARG ()% S
TEE FRERZAIE FHTE FPERAOTE LR, W KR 3 1 2 R E & A i R4 A
0 P T 5 I B S A B 3y S Y IR R, VS AT %S 2 A
2R BB, RIS, ok E N SO 2 R B A5 3 /40 B R AR VLIS,
HIAAF AR . AT R A BRE R, SIS T RERER 1. S8, FSERE I 2 M
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F—F FRAE F3F WHIFEBEEHERNTF ARGs K ERZERIENEE

PRUCECYE 2] 8 el 8, RIS AT e . BEEkE e . maEkw e, BEkuE. wHAE
JB WITRER . AT R R SR e R, BT R TR AT R . B,
H R BOREE IR BOR 1, 025 BFF . BERREE . MATRRE . MRk, sLEH A
YOITE, TS T A T AT 12 5 SIS 1 o 5 0% 210, BRI, VS AR T i
EE 2 W B AL ARGS ZEHE 2 1 1P MG, R INEDRN #3515 AGRs (¥ K5 .

YT W R B 3E ARG (T Bk, 38 46 B 5 40 A TV P 2E A S 40 i
T 245 P8 F) B T RE ARG, Honh A 36 TR S e 0 R . (AR IR, A
WFFEAEAT S IIE Mimivirus LR RBLT ARG (adeH) [RIVEY, H54H ARGs L B
PR . Mimivirus & — Rl e 0 s i B AL 2, 4 RS W d o 26PM . Mimivirus
OG5 B PR TR L 5 O T R o R R TR R A A RO AR
Mimivirus B0 BER) — 553 . Mimivirus IR RE (AT 51156 RS « #5809 757k DNA B4 5|
EAL 5 DNA 1 LLK Mimivirus S 66955 2 ¢ (14 15 A0 LAGI 48 o s 200 L7 P R,
& 3E G Mimivirus T RERE ARGS [T FEAk A3 1

3.5 /NG

3.5.1 Wty 4k il e i A 2 ARGs O B A7, WP AR AH ¢ MGE J:[Rl /2 52 ARGs 4
FRANEEAL 1) B SRR R .

3.5.2 Wiy i Caudovirales 73257 5 2 Fh ARGs W35 4H5C, 1MiiEYE 33X Caudovirales
I3 KB LSRR A K ARGs Il MGE E:[R F=FE Y 35 THisy, X340 1 MR/ 1
ARGS 1E4H H #E7& PAE RR 10 R -

3.5.3 Wrih 4 Wil 2 4w i AR S DR A v A 1) ARGs AT MGE JE[R], il TS T 33
ZANWER A Z REPEIE N, FLUCHC 7 40 B R S ) 1 WBOR B, XA T
[ R A T ARGs 1E 5 2 N AR OUHOZH WEURTE LR 1 XU .

3.5.4 W4 W B me i A4 2H i ARGs A MGE ik [] f1t)H JL 5 ek i e o 4 % L1 8 B K
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Fdh RN HA4F BT LR R R ERER TN AR R 5 56 E 28 R R AR LR P e

BAE YT i R A L SRR R AR B TN (K /7 5
B H RIE SR SR TR 2

FABERKER 2 — PN B ILER R AR, AR IR BRI — 800, JEBERKER R IR
SEEAESE I ERPIRGE . SRTT, B RERR B BRI AR B FIE N MR SR MR AR A2 2R 4t
i, EARES SRR A, W MRE O MR KFTR Bligk, BEERSEN.
BEER T AL SR M BEER VS 2 B R AL T M BE BRI B E R K. 8= f
R R TP XA, e T2 PR . Bl R SLEDTAE R 2GR H B,
FAEAFREAE . Frrds s e > b oA 3K 25 1R 38 A7 A B AR B iR 77 1k
DNILEE TR R S LG B (0 2 PR AR HEORSFE XA U 2 Bt o b BERR T 2 VR BT A1)
Iy BAERE R, WEFEN U3 H OB B AT BERR G % A TR IO 2R o 7R3 20010 20 S 1L, R
THERRE BRI S5H/ThRe. TRE. it FEUE/ 2 e VER S YIR R o i D2k
IBEFEAWY e . SR 2558 BERR TR I PR 70 BEAR AT B, R X e e I X — S Bk
TR R DL € (R TRV, (BRI R AR AR I 10 3% T T ol AT o A 0 TR PR, RS P 7 2
P fe . PRI AR EPZ 40 AN 0708 B 220 X P BEER T R, AT i SR i 11 D B Bk
VR 70 R Al 70 B8 L A 4B o

XS BB i 25 4L 1 2 A R AT S i s s 4L T REAER 1 — AR I & 1 A 4 i 5 2
R, HASE5E (2 i 14 contigs VEHCE 2 FHEERR T o (AL, XS B AR BR AT ] e S 5
Fe 3R HBAT 58 R B 1 B B BRI Rl . STk, AEARE R, WA I E KRR
2 W T A P B R A L S SN D B R T R A SR A B K], s R Bl B3 EAT S
BEAT BRI S R FERIL, TR RN A AR A% B TR S AE VIR TS BR BE AT T IE .

4.1 ME

411 SEIOTERR

AHIFFALE FI R 25 B BERRTA AN 2 AR AL BERR TR 1) th AR SR8 % 0RAF, 3 bk S EERRTE S
PR 2 Ak S BEER B 2 A L 2R B A B R O A B B e T R A, Py vk LR 4.2,
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412 EESLIGZ 5K

SACEN, BREANR GF i), BRHERY G5 R, BHI Bk (5 R,
LB Higrdt (GF D, Tris-base (&), WK, Bk FEiEH), FIBEXK,
IPTG (5 NZE-B-D-tACHE 7)), KT e BL21 B4, 2580y (BUNRUE
PWAFIARARD, REERR, A8, 4if5E, PiE, OB, KT8 (BT, 022 um
JEA% (FE[E Millipore A ), BCA EHEE DTG E (ThermoFisher), #:% [RH% (i
& G5 REED, 12 fLBF 96 FLIMER ik (3£E Costar AF]), PageRuler & Marker
(ThermoFisher), SDS-PAGE & EAFZriil CILATMIED, 41 A 41 DNA FEHUAGH &

CIEstRAR), SanPrep H:aUF KL DNA NEAZRA G (LigET).
413 EEELRMNFRE

766 (Spectrum752, Ll eik SRR A ® D, PCR 4 (1 H)D, pH iF
(MetterToledo), %R FMIEIX (FE[H eppendorf AH]), IRiGE CHAKIR), MEBRK
f (Rainin), B§AR{X (3£ [E BIO-RAD A#D), RAE: (EAMAEND, B4 Hi KT (FZ-1104,
BT ), -80T HMIKIEVKAS (Forma700, %[ ThermoFisherScientific /A7), il

VKM ICE2 (E KF Scotsman A#]), HAHEFEME (SEM) (fE[E H 37 S-3400N).

4.1.4 FEELERAFECH]

EIMEZR:FREL0.5 g KIE ZM A, I ddH,0 £ % 10.0 mL, Bt B E N 50 mg/mL,
F 0.22 pm JEAFLE, AT EP & .

BHI [E 4485773 FREX 3.85 g BHI ¥ A1 1.5 g BZfAEH T 100.0mLddH,0 1, & T4
AR 115°C ik 30 min, AHIZE 55C iy, RGBSR TR

BHI WifA%773E . FREX 3.85 g BHI # A& T 100.0 mL ddH,0 1, 3% T4, 115<CT
J& 30 min.

LB AR 725 FREL 1 g R AR AR, 19 ZALBR, 0.5 g BEEHREUIM AT 1.5
g Bk T 100.0 mL dd H,O H, B THEJHH 121C )k 20 min, % #1% 55C 7245, hn
NLWRPEN 50 pg/mL IRIABE R, IREI G E1FIR

LB AR 756 FREX 1 g BEAR ARRK R, 1 g EALETEY K, 0.5 g B RESZEUYIHS K T 100.0
mL ddH,0 H, 733 T, 121C &% 20 min.

PBS ZZii: FrEX 8.0 g NaCl. 3.58 g Na,HPO, 42H,0. 0.27 g KH,PO,4. 0.2 g KCI, il
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Fdh RN HA4F BT LR R R ERER TN AR R 5 56 E 28 R R AR LR P e

A ddH0 SEZA A 1.0L, 121 /%K 20 min.

IPTG: FRHL 4.8 g ¥, JOA ddH,0 2% 20.0 mL, FECERE A 1 mol/L, A 0.22 um
JEARLLIE, AT EP

Tris-NaCl ZZ#0i: DA EE A 20 mM Tris A1 200 mM NaCl () LL G4 B, K pH
WA 7.5, A 0.22 um JEASITIE.

2.5M BEE: FREX 170.2 g BKMER K T 800.0 mL ddH,0 1, e i dkinfiiG, FkEhER
W% pH{E =8.0, I ddH,0 EZ 4 1L, H 0.45 um JE#RILIE.

42 ik

421 FHERELRE

¥ 25 BRAEBERKTR 2 B E BHI [ AR IR E- AR BRIk, BT 37T AR R IR 20 h. #k
BP A b B R T P R T i BHI VAR R EE T, JHCE 37C #EIKLL 180 r/min 5557 20 h.
A B 22 IR RO RO AT G t, W ABE TSRS . A, R 40 B R DR 4H 42
B AR LS B bR DNA JRIEZ= AR, 745 R i NCBI-Blastn BT HLX 7047

422 FEERERZABERE

M FH AR 37 B I 5 2 BEER T ) 2 U E o R B BE IR TR 1 77 X AU E K] (ODgoo =
0.8), WHIISIHATAE BHI [EfRE SR E AR b SR 25850 G B R R 3R, AR
BT 3TTHRMPRIR 20 h )5, MEMEHPER, WIGEE =K, RESRI=XEE
PR TV R AR 5 I R S AR AE 4 & 52 (NCCLS) Fritk.

4.2.3 BERREHRBEEE R RN FFI 0

FE T W T 95 B 2 R T 5 SR 0GR o TR AR S (Endlolysin/Lysin) 2[R A MATHE
B FF A SR T BT ALV AR P B BR B R A A LR R R R A, BT 2.3 IR
TR R -1 T A5 2, GRTGE HH DO AC PR 7 b B S BEBR B K 2 AN T 4 contigs 341, il
RAST #F (v.2.0) Chttps://rast.nmpdr.org/rast.cgi) i HE I B 44 F7 51) b 35 Rk AT 000 Ay
FE, ARIE RS IR e SRS B E RO BERR DA R L R 2 41 o K i 0B ) A G 2 R IR 5 B 7
NCBI H#a AT LR, Ik P 5B ) 2@ g . A/ CLC Main WorKbench version
7.7.3 AT RN R B 7 81 B A
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4.2.4 ZYRBERNGRMRERERHE

e D) A ORI TR R E AR AR R (g ) Bt PR A W] HEAT, £ FH 844y pET-28a(+),
VI 2 BamH1 A Xhol o K2 5] & B iR R F RGBE 0 & BL21 JE2 841, D3R
WR: (1) B2 pL BRI R 50 pL B2 40009, vk 30 min, #Ad890's, FRVKIE 3-5
min. FEEAEH NN 200 uL LB iRARE RS, 7 37<C $EIKLA 180 r/min 578 Lh, KHp
100 puL WA GA T4 B IEZ (50 g/mL) 1) LB RS FR%E b, s 5 5]
B Y5 37T WA TREFE 16 ho M LB [lfkREFRE: LHAICR T, HMBISHE Rl%ER (50
po/mL) [ LB AR IR, B T 37C #EARH LA 180 r/min 1537 16 ho 45597 I W%
DN FIIFE , SRR BEIRE DR 5 91 11 R B #  pET-28a-Lys33795-BL21 KA HI#E, Hil5 20%
HMRS 5 /A7 T-80C UKFE .

425 FEFHIRE

HY 50 pL Zf 235 Bk H B3R T 5 mL 547 BB % (50 pg/mL) [ LB ik
FREEF, 1E 37T FEPKLA 180 r/min 157% 16 ho SR J5 44424 500 mL & K BE X (50
Ho/mL I HTE LB AR 7R EE , 37C #EIR 1 LA 180 r/min 5578 % 2 42 K3 (ODggo = 0.8
W EBGEAT U RIS, I IPTG 29Ky 1 mM, E T 16 T fIRIEFE A LA 180 r/imin 4k
RFR 18 h T EA. B 1.0 mL BERIE NS5 R WHA. FRARERIE 4T, 8,000 xg

ZETF B0 30 min HEATEER, 4 13E, 4R 40.0 mL Tris-Nacl 22 & B i 14 .
4.2.6 FEBEAAL SR

S PN ST
(L) B BB B RN IR vh B T oK b, 0 75 A S e
(2) il 5T 4<T 8041 10,000 xg 2.0 20 min, Y& FiE, BHECL mLfE
NEA EHREA;
(3) f#H 0.22 pm JEA LT IE B3, INE AL TR AR, S PG
(4> JH Tris-NaCl Z&rifs 2.5M BKIE 3 53] e A 20 mME (50 mL) . 50 mM (50 mL)
A1500 mM (50 mL) BKME. BEJSAR AR EAEF A 20 mM (50 mL) #1150 mM (50 mL)
BRIRVERR 22 EE ., SN 50.0 mL 500 mM BEIEVERE H 0 H, FEET 20 mL 7 R,
HIRSHOEAS AT
HEWAL IR
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F 0.22 pm JE SR ELAEAL 5 1) B IR E BB, T 4T B0ML 3,500 <g /KO 25
TR AR 2 mL et SRR, AR IEE T IR S 1) Tris-NaCl 22, 48850 .
REEAE 3G, FHEIEE hEREWRI, EHEAEESITERENEREWRE, &
SR IR ERBER] 2 mg/mL JE 03 % EP &, ZWEEIE 5 I E-80T VKA {R-1F .

4.2.7 ZREEETERE AR L BRI T e

et RERR1E SCA98 1577 B X A KM (ODgoonm = 0.8), K BIIS 21 Mk A [ /4 BHI
R b, B 10.0 pl ZEA4K S 2L fAEE Lys33795 (Z4UK)J% )y 20 pg/mL) T 1E [El 4% 95
B b, FAMEREFREE BN 10.0 pL ARFR ) 500 mM PEBERRT 10.0 pl 25 B B AR K PR TR
PER IR FEPARIE TS, JHCE 37<C AR 7R 16 h, WRILE.

4.2.8 ZFUAERE Lys33795 TEMRARFEFRE F B RN I 2

PRBUBBEER I SCA98 [ VA #6455 5 mL ¥t BHI ik ss 325t rh, T 37T KT
(180 r/min) 5 7= 24 B4 K (ODgo = 0.8), B 4T 2041 8,000 xg &0 2 min,
JoH PBS Z i S HE R =k IR 5 mL JCIE PBS ER IR R4 263 5 4
FESEEE T AT 4 ADNEEREE 0 I ZGKRE Dy 20 pg/mL. 50 pg/mL. 100 pg/mL
A1 200 pg/mL A RLfEEE Lys33795, Fla 1IN EARFI T PBS S/ s . iR iR
Sl)G, BEEREVIBN 37T Kb 7%, WMERZLRME Lys33795 X BEEK B 1) 24 A 175

o
4.2.9 ZRFENE Lys33795 XMAEEEIRE SCA98 MRS R BE

Yo REEK R SCA98 TE AmL Hr i BHI KR FREE 1532 X 44 KA (ODgoo = 0.8),
i) 4C #5041 8,000 xg B5.L» 2 min, JTCH PBS LR P 3 WK &A% 4 mL L PBS
FOR RO H 4 A 15 mL E EP B b, 7EIH 3 NE BRI P BN LR E
249 50 pg/mL. 100 pg/mL F1 200 pg/mL [ Z4fEEE Lys33795, FlR 1IN ASEMAFULHE PBS
A XTI, FRGIRAIG, K& ERAMIN 37T /KB I E R Lhe W% 10

min BURE— ¢, IR R BIA T 5 R A ARSI =K
4210 WEIHEFAESXTRMENT Lys33795 PitkHI 547

BB BERR T SCA98 1E NIE /R k. TR SCA498 1575 E X HAE K (ODgo=0.8) J&
BIS1RAT R BHI B4R R 53, K2R Lys33795 HEATESE 2 5#ks, B 10.0 pL AR E
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RRBEEE, 2 RERATE R EERR A R B AR IR b, BT 37C AR 16 he fE
0B P PR DR R R i T i BHI ARG SR b 15 7%, DA R RE R 7 4K, Bl S
FEEE 7 AR AL - FRESRAE ] 5 A, Kl — AR PR AN Lys33795 BRI . A&l
JriEIA 4.2.9, HA R Lys33795 4K FEA 100 ug/m L, {EFHKEIN 1 h,

4211 ZEEE Lys33795 ) pH (BRI ERR & il e

PH A& PRI SE « K5 B Ak SCA98 B i BHI YR A K5 3% 56 rh 5 9% S0 U AE K (ODgoo = 0.8),
i 4T &.00H1 8,000 <g B0r 2 min, JoE PBS Z2ili Bk 3 K. ff I SRR A S S AL A
¥ PBS ZErii ) pH 153 7iE %%y 3.0. 4.0, 5.0, 6.0. 7.0, 8.0. 9.0. 10.0, J#iTE/E
K. Bl Jo R e R 25 kS 85 1 Lys33795 IR FEM B2 100 po/mL. BB -5 AN pH
AN EASAR R RS, BT 37T /KK HRTIRE 1 h, B AT LR T B B0 E .
PERXTIE, FEAR TR 264 2 ph i A B Jo I B B A . S — =itk T s

R e EFJCHE PBS LR E R, A 3 . A5 Lys33795

(ZRFEN 100 ugimbL) VB A, 4 AE T 4T, 25T, 37T, 45T FI 50T KB i E
1 h, FIFMfE CRBE BT B A . (AR, fEAH RIS~ PBS S ab 22 s Il

B KR T = RER.
4212 ZAEE Lys33795 RN &

A T2 R0 5 SR ARl Lys33795 HUZRARIG . 70 K 25 MRPEBERRER . 3 KRS EERRTE 5
WA 2 MRS BERR RS A 2 PRI FLEERR R 1 7R EXTEUER I (ODego = 0.8). 73 iIHL
200 pL BRI STERATE BHI [R5 FRIER T, SRR LR I 5 B 10 pL 29K 20N 20 pg/mL

LR Lys33795, MR T/, H§H5 IR IEAE 37T CIRATHEFR 16 h, WS BEBUIE L.
4.2.13 FERREAEVIRRTY BRE /7 BT

8 96 FLAEI E BE R BT BAE M RIRE ). TS 2, WS REEkE (LK 4.2) Hp
VEEANE] 5 mL Hiif BHI B3Rk, JRTE 37T fRIKH R R 16 ho K857 LA 1:100 1 LG 51
R BB BHI ARG IR 3L A TRRE, IR 200 uL (4 10° CFU/ML) Rl i hn 2
T 96 fLIRH, MR BE 3 MUE N =IRER . BAh, =MUSH BHI HRFERIALH]
TEBAPEXTIE . % 96 FLARAE 37<C imAH 3597 72 h 5, XL AR IEEEAT b3 AN, S0 3R
LU

92



Fh HIRAR 4T TR GE R e R R AR TN A R 569 R K BRSNS e

(1) ZBRFLARIMEE A, G PBS Bkl 3 1K

(2) HFLA 200 pL HFE [ i A= E A B 30 min, AR5 1 25 FL TR S W18 & iR
N4 2min;

(3) #EFLA 200 pL 1% (wt/vol) &5 5 Qe (5 et 30 min, FIJCE PBS ¥ikk 3 1%,
FAE E U T TR

(4) 5L 33%MBEERIZ I 10 min J&, {3 FIEEFRACI %€ ODgonme

BERRTA AL VIR T BLRE ST 7T 43 DU Z0 . 58 (4 < ODc < OD). 145§ (2 xODc <
OD <4 x0Dc) 155 (ODc < ODc <2 x0Dc), ZiAAAEMEEE (OD < 0Dc). ODc
FEBAPEXTIE (BHIZH) H13R45 %) ODegonm M &4 11 1H -

4214 &5 ERG RN B RERE Lys33795 XTEER B AR VRIS R )

MBERER: Lys33795 LA SUAEAE R AE IR (4 BE R AT . THREBR T 5 WPk . hERR T
PG LA K TG U BEBR B 450 — R R R 52 2R Lys33795 X HEBR 1A A= VI 5 KR aE /)
Btz Ab, AN BEAR: 241 B 2R A7 (L A A i A W MBS P B R B rp e I — R BT 52 Lys33795
SHEPIBEIERRAE ST, B, 1% 4.2.13 DA EAT AR E MRS IR, RRRILA KRBT
Yifu, FFHICE PBS RISl 3 UG, AL IIANZIRE N 200 pg/mL [FZLAERE Lys33795,
SHRALMAN ST PBS, HUAIRE 3 MLUEN 3 IRELE. HREFMKE 37T R4
iR 1h 5, 15 4.2.13 TEAC RS ARG, B BB ARCI AE & 2R T K] ODesonm 18 -

4215 FEHMETEME (SEM) N2 RMEE Lys33795 SRR £ VIR HIERR
Be

TAHERREE SC57. BHERR B LA Seql7 DAL S BERR T B A Seql3 T i Ak ily
XAEVIRINEREE /1. 275 4.2.13 7778, 12 SLANfERE SRt T 55 R R A AL M. 1 5
2, RIS FUR BRI B B2 N 14 mm PAERIE 105 3R AL 2 S
3 mL BRI . 4 12 FLYBMRG FRARAE 37 T IR h FR B RS 72 h, SRS HITJCH PBS Bt
GAL= IR AL BRAFKG A0 o & W MR TR ) A= W0 s 73 A I 24 B2 0 200 pg/mL HY
Lys33795 il PBS 4b# 1h, FFEFLHWMAR, Towm PBS BeisfL =ik, H 2.5%)% /e[ w5 fL
AP, SR AR EE (20%. 50%. 70%. 90%F1 100%) [¥IZEEMLK, FFIEH 5
TR, AR T BN

93



THhRFEEL 28

43 HR

431 FERFHEE

FEREER R MR A, LSO T, 2B E 5K, B K EA—(E 4.1),
28 BLAST EEXT 20 M 45 ik 16S rRNA 74113t — 20 X AR 3EAT 1 #f 7€ - 51 I, 5 BEBR 1 SC198
] 16S rRNA J7%Y5 GenBank 4 AT —RSEEEER S 16S rRNA 751 (B35

AF009505.1) )7 #% % (Query Cover) A 94%, [A—: (ldentity%) } 97.84%.

oy |
’ 7
G
Ay
]
] »3 " 4
o 5
‘ : P
@ ,_§/7’
5 3 {'2
! 7
i s
S &
i, g 7" <4
p 53
’, / 7
g &
g S
. 4o \ g 7yt
= . X
% J -
- I w { 3 =
e o TR SRR

41 BEHKENEZRIERHER

Fig.4.1 Gram staining microscopic examination of Streptococcus suis

432 FEERERZWBUREN =

XEAWTFE T 25 M BERR B EAT BUA RBBURIE NI RE , 45 AR WA i A 8 B B v o Pty 2R B
7 ZHEM A, FEWLAER CAARER. TBAR (U0, kfifbne Chtm
2K ULZHEER B (2RI sz~ Em ik,

* 41 FEHEIKEAUE ZRURMNE

Table 4.1 Determination of antibiotic sensitivity of Streptococcus suis

tar = Iy * ° B kTR *%Z K
i i 2 W 7 it fl K H 5
= = = ES w w fit 8 &
B B o % X i3
B
SC457 R s R s s s R S R s
SC128 R s R S R R R S R s
SC442 R s s S S S R S R R
SC4502 R s R s s s R S R s
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Continued Table 4.1 Determination of antibiotic sensitivity of Streptococcus suis

Lo 2 g * 7 Y1 kTR 'z VB
% H A # ] 23 fil 5
ES = E = w w fin )8 &
B B U ES e

B

SC489 R S R S S S R S R S
SC143 R S R S S S R S R S
SC198 R S R S S S R S R S
SC295 R S R S S S R S R S
SC1483 R S R S S S R S R S
SC57 R S R S S S R S R S
SC498 R S S S S R R S R S
SC483 R S R S S S R S R S
SC174 R S R S S S R S R S
SC198 R S R S S S R S R S
SC140 R S R S S S R S R S
SC295 R S R S S S R S R S
SC19 R S R S S S R S R S
SC230 R S R S S S R S R S
SC147 R S R S S S R S R S
SC19 R S R S S S R S R S
1-302 S S R S R S R S R S
242 R S R S R R R S R S
SP R S R S S S R S R S
90gi S S R S R S R S R S
LSM R S R S S S R S R S

H: RZy; SRR 1o T 2 AU )

PUERFM: P AIRNEEZ: O A, IR, RURRETESS, CrEWES: O LR T

BRSO Sk,
433 SERERMMEREESMHE

LG, M 80,567 A IE I 15 Ak A F SN 1) 75 /N R RS

r .

FHEIR, 5 ELZ) 0.09%
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(75/80567) (Kl 4.2), NaffFdt— LR R FIH A H B ATz R sa e Bk o 240, M
Bl 45 58 2 A0 Wk B R LT 32 TN Hh LS B BR T WK B AR contigs HH3RAS 4 N RLRREIL R (O
K75 LB 2 S4), X DU ZARBERL R 43 712K B contig33795. contig8387. contig29887 Al

contigl5143, 4r%lar 4~ Lys33795. Lys8387. Lys29887 Al Lys15143.

4.2 RREER IR

Fig.4.2 Lysin genes screening

4.3.4 BERREREEEE R FEI B FIR AT

Wi ) 4 AN EERR T R BR U SLER 7515 NCBI Sl FEdbAT Hont, 45 SRR 4 AR
Filg 2N 5 L3R I8 i 28 B R T W AR 2L Cpl-1 (&5 NP_044837.1) EfFRIEME (%
4.2), {HIX 4 NEFERGF SIS Cpl-1 55 2 A E — MK, KUK 4 NREREE T 751
WA BEER TR 2R Ml o R4, EEREE XS 45 RRIR, 1E 4 A TE W AR BEBR TR Rt
ZLRNBE Lys8387. Lys29887 FlI Lys15143 G MR T HIARAVER =y, T ZLAREE Lys33795 & &
R 7 5 5 Hoph oA i A ok 22 57 (B 4.3). Rk, AHEFTE S Lys33795 dk it —25
) PR AP R PR 72

*42 HIKEZRWES Cpl-1 BIRM S
Table 4.2 Homology Analysis of Streptococcus Lysin and Cpl-1

HERR R L 5 Cpl-1 Al #i% (%) 5 Cpl-1 A A1 (%)
Lys33795 56 52.24
Lys8387 66 58.88
Lys29887 56 57.87
Lys15143 57 56.72
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43 W R R A AR AR SR A B AR BTN A

A 70y E IR A SRS LR PR

Contig15143
Contig29887
Contig8387
Lys33795
cpl-1
Contig15143
Contig29887
Contig8387
Lys33795
cpl-1
Contig15143
Contig29887
Contig8387
Lys33795
cpl-1
Contig15143
Contig29887
Contig8387
Lys33795
cpl-1
Contig15143
Contig29887
Contig8387
Lys33795
cpl-1
Contig15143
Contig29887
Contig8387
Lys33795
cpl-1
Contig15143
Contig29887
Contig8387
Lys33795
cpl-1

QTSEPVGYYH
QTSEPVGYYH
QTSEPHGYYH
BTSEPVGYYH
E@sHPHEGEYH
AFMDKHABAG
AFMDKCAQAG
AFMEKCAQAG
AFMDECHENG
ErvENBABAG
WE | FPSMDG |
WE | FPSMDG |
WE | FPSMDG |
WHHEFPSMDG |
BENFPSMDGI
LNFVMRSKSG
LNFVMRSKSG
LNFVMRSKSG
ISEDEAEREA
ERNNEWE<NG

EENNEENNEN
NK 296
NK 295
NK 298
EN 292
HA 339

- -KKNDYF ID
- -KKNDYF ID
- -KKNDYFID
- -KKNDYF ID
- -KKNDEFND
FARFGENVSQ
FARFGGNVSQ
FARFGGNVSQ
FARFGGNVHEQ
FARFGGEBVEE

YKP1YYSYKP
YKPIYYSYKP
YKPIYYSYKP
YEP I YYSYKP
YKPIYYSYKP

RWWQF TSTGI
RWWQF TSTGHl
RWWQF TSTG |
RWQF TSTHE
RwoNBsNER
KQGYVGCVNG
KQGYVGCVNG
KQGYVGCVNG
HENYENRBEG
ENWYNERERG

VSSYQSADLT
VSSYQSADLT
VSSYQSADLT
vSHYQEADLE

vsSHEENOHNT B!

AVAEANYFLA
AVAEANYFLA
AVAEANYFLA
ABAEANYFHE
AEREAREFLE
YTLANVD-YH
YTLANVD-YH
YTLANVD-YH
ETLANEDEYH
ETHENVD-YE
AGGLDKNVVL
AGGLDKNVVL
AGGLDKNVVL
BGGLDKNEVL
BEEEEOKNEVL
BIFG---1GD
SIFG---1GD
SIFG---1GD
HERG - - - HEH
NeEmEEWERD
FORLENSQKHE
FDRLLNSQKHE
FDRLLNSQKH

ACQAAGTRK
A CQAAGTRK
A | CQAAGTRK
BECBEBAGTHEK
ERNGTHEN
NEPAK-VPYL
NEPAK - VEYL
NEPHEK - VPYL
HEPE<EVRYL
NEPHE- VEYL
QI LAKYPNSL
QI LAKYPNSL
QILAKYPNSL
B/ LAKYPNSL
QI LABEPNSL

LODPE- - - - -
LDDEIlIlIl
IGTVEALQE-
IGTVHALQE -
IGTVEALQHE -
| BEWNENES -
NERWNN - KON
DDEKRNEVLK
DDEKRNEVLK
DDEKRNEVLK

Kl DHEEEWNNRE

EEE<EWNENN

TII1KVSEGTG
TIIKVSEGTG
THI KVSEGTG
TIIKVSEGTG
TIIKHSERTH
VCDYEDGASH
VCDYEDGASH
VCDYEDGASHE
VvCDYEDEASE
VEDYEDBESE
WIAAYPNYNV
WIAAYPNYNV
WIAAYPNYNV
wiAAYENYBYV
wiAEYEREER
BASBTEKQER

YLSPNRFTQA 49
YLSPNRFTQE 49
YLSPNRFTQA 49

L sPEREECQA

49

YLEPEHEEEQN 50

BKQANTDAIL
BKQANTDAIL
BKQANTDANL
BKEANTHA I L
BEQANTHABL
--TPDPV- - -
--TPDPV- - -
- -TPDPV- - -

108
108

162

NETHOMEEAS 169
- - IENBENEN 151

- -BEEEEDM 215

VALENVANT -
VALENVANT -
VALENVANT -
IEEEEVENE -
INEEEEBNER

A GCKHLELDDG 262
GCKHLELDDG 261
GCKHLELDDG 264

H BEENENECEN 264

GEEWNNMODE 277

294
293
296

K 290
ENREREEE W 337

43 ENMEPRERMEES Cpl-1l RERFIILEX 2. LM RKRIBFRERZE.

Fig.4.3 Comparative analysis of amino acid sequences of 4 streptococcal lysins and Cpl-1. The

red portion represents different amino acid residues.

435 ZLREE Lys33795 KRk 54tk

ZUfREE Lys33795 RIAW A IHE T 2 EHERIE, AEEARK LR RE ST RKRANZN

38kDa FJ4& T

Ihalifh ) 524 # s Lys33795 (33.22 kDa) 73 FEAHM —HMEH-

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

(K 4.4), FrZ: PET-28a #i/AA S#E4 1 His #3280 T8 (£ 4.5 kDa), %
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15 .

4.4 EH Lys33795 4ifk Ay SDS-PAGE 74
Fig.4.4 SDS-PAGE analysis of the purity of recombinant Lys33795
(M: marker; 1: FESFRIEAWKBIFE BL2L; 2: BEEHNLER; 4L Lys33795)

(M: marker; 1: expressed E. coli BL21; 2: supernatant after crushing; 3: purified Lys33795)

43.6 ZUHREE Lys33795 7B R b HISAMRE

Ak LR TG Lys33795 (ZRJE N 20 wg/mL) WI7EIR AT A 55K SC498 (1) BHI
IR FIE IR RE = S IR (B 4.5), T A2 84 R e B0 v 35 A T M 1 PR, 22 B
Lys33795 X% 4EER i SC498 HA ZfRIE I

45 ZLfREE Lys33795 RN BE

Fig.4.5 The atibacterial ring of lysin Lys33795

4.3.7 Lys33795 FEVRRTRIE A S 1

W 4.6 i, 2478 Lys33795 S5HEBEERE AL 5 min J5, ANEIRFER Lys33795 {#5 4b
TAERARES T A BERR 1 B DB A, 5 FLBE T Lys33795 W I TH i, BV 3
%1, 100 pug/mL (1] Lys33795 5 0 & 5 min B J 8 3 VR 56 A0, B Lys33795 w5k
BRE AT B0 BT
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4.6 EIREBUERS Lys33795 R iR IR AT ERE R ME 1 RO 52
Fig.4.6 The observation of lysin Lys33795 with different concentrations on the activity of

Streptococcus suis in liquid

4.3.8 ZUfERE Lys33795 XFEEEERE SC498 HIfASMN R BEERH

5 PBS A ERAHAHLL, 50 pg/mL 2 DL EIREER Lys33795 L REHERKE SC498 /EF 10min
Je, AR ERRREE S (P <0.001). 50 pg/mL Al 100 pg/mL [¥) Lys33795 A £E4E A 10min
Ja AHEZ) 1.5 4 Log VG &, 200 pg/mL 1) Lys33795 R 7E4EH 10 min 5 /%841 2 4> Log
TG . B VR R R] (R, AR A P 2H 1 V5 18 B0 1 % . 50 pg/mL [¥) Lys33795
AI7EAE R 60 min J5 284 2 A Log & B &, 171 100 pg/mL H1 200 pg/mL ) Lys33795 AJ
TEAEH 60 min JGRAE4) 3/ Log VG & (B 4.7). X ebst R R Lys33795 X JE
BERRTA BAT i BRI AR R, IR BRI R B AR P8 P P v AR ] PR S T T«

8
-~ PBS

~ 71 -= 50 pg/mL
E *% =+ 100 ng/mL
2 6 -* 200 pg/mL
e
2 5-
(o))
o
| 4-

3 L) Ll ) L) L) I

0 10 20 30 40 50 60

Time (min)

A7 ZIfREE Lys33795 M HETKE SCA98 BIRINREEM . ***, P <0.001.
Fig4.7 Bactericidal activity of Lys33795 against Streptococcus suis SC498 in vitro. ***, P <

0.001.
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4.3.9 FEEIREXTRMEET Lys33795 KHitEdl e
WKl 4.8 fivr, TESEEERKES SC498 4L 12 R J5, ZEARMG Lys33795 X & —1H

PRIIAR AR B PR, IXRWILE 12 A, JEEERRTE A 20 20N Lys33795 7 A pitk

8 @B PBS
7 @@ Lys33795

Log 10(CFU/mL)
I

Days

4.8 $ETKE SC498 X ZLfREs Lys33795 RUFtENIE

Fig4.8 Determination of resistance of Streptococcus suis SC498 to Lys33795

4310 ZUAEREE Lys33795 i) pH R EtERIEEREN

pH FsE MR 5 45 R 1H, AR Lys33795 7EHL %6 1) pH i (pH f=3~10) W%
PLH 2, Lys33795 7ERRME (pH fE= 3 ~ 6) 51 T B0 AE Pk 0t T L AE o ok
P (pH =7 ~ 100 KM FRIRMEEE (B 4.9A). 4k, 7E 4T ~ 45T MR ETEHE P,
ZUARE Lys33795 HA R e ARG YE (B 4.9B). X g R I RERE Lys33795 HATH

iR RS R U T B 77 LA K T e YL RE A

Bl Control B Lys33795 Bl Control @ Lys33795
8+ 8
7-
I I
E £ 6
=2 64 2
[TH [TH
Q Q 5
2 54 El
o o 41
S S
4 3
3- 24
] ™ “ < A k] 9 D K] L O oL

4.9 Lys33795 Y pH faE M FLEERRE M

Fig4.9 pH stability and temperature stability of Lys33795
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4311 Lys33795 ZLMRE KM 2

T Ik 2 BRI AR Lys3379 [MARUARIE . Wk 4.3 Fior, ZUAEE Lys33795 X J4 HEER
IZLAR L) 60.00% (15/25). BRI A1, Lys33795 Xf ChfEBR i DV f . D4k ER 2
VAR TE P BR R AR B R, R 7200 66.67% (2/3). 100% (2/2) #1100%

(212), xeest PR AZAERE Lys33795 HA T 12 MRRIE .
4.3 ZFEEE Lys33795 MUUMRIE

%< 4.3 The lytic spectrum of lysin Lys33795

LS B LS B
1sc457 + 15c295

1sc128 + 1sc19

1sc442 + 1sc230

15C4502 + 1sc147

1sc489 + 11-302 +
1sc143 + 1L sMm +
1sc149 + o492 +
15c295 + sp

sc1483 + 190gi

1scs7 + 2Seq4 +
sca98 + %Seq13 +
sca83 - 3Seq17 +
1sc174 - *E2B9 +
1sc198 - %3518

1sc140 - Pp-1 +
1sc19 + 49894 +

E: o+ A - T

BIRRRI: DIEERRE: 2 TYRERRI A ° BRI T WA ¢ EIUBERRA.
4.3.12 FERREAEYIRA SRR /1 E

& 4.10 s, ANSFEFREERR R B AEBIE RRE ) BA R ZE 5 . A0 R ZHURBERR A TR
PRSI A AR IR, 1 MRIRBEERTE (SCA42) HERUh A, (P BRI SRR 1
(SCC57 1 SCC198) ‘LR LM . ML F, A SRR Xyl AL pas B, Horb
C4ERREH DAl (Seql7. E2B9 A1 3518) AE i AE MM o i vy T Sh B BR B 2% WA (Seqd
A Seq13). Ak, 2 PRICFLEERRE L B IR .
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410 HEIKEEYIRRT A RE ST E
Fig 4.10 Determination of biofilm forming ability of Streptococcus
(A) FI# Lys33795 ZARRIHEBKE £ YIBNE; (B) ANHEHK Lys33795 HARHIHETKE £ 1)
FRZE -
(A) Determination of biofilm of Streptococcus that can be lysed by Lys33795; (B) Determination

of biofilm of Streptococcus that cannot be lysed by Lys33795.
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SC57. hBERKIA B AT Seql3 M EhHERKE LAY Seql? J5E Lys33795 X HEER 1 A= )
MG RREE ). 45 R W] Lys33795 ] LA & [EMCEERKA SC57. hHERR A &2 AT Seql3
EBEER B R Seql7 (ALY &, (HANRE PR IR AE REBR 1R SC198 A= sl A=W ki (1 4.11).
XANGE R R, ZLRRE Lys33795 1 2517 Ik i 2LV N BERR AT T U AR L, (H TGV
BRI B IR T ) AL
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Fig 4.11 Determination of the scavenging ability of lysin Lys33795 to streptococcus biofilm

4314 SEM WEZRLAEEE Lys 33795 XHaERR i A= My R )5 K 18

75 SEM B Fi b, WS ESEHEERR A SC57. SHERKE S A Seql7 Al Bk BK i 5% WV
Seql3 Zid 72 h 1578l 5, PBS ALFRAII AR iy b AR e B HFSe i AR s, b 1
BRI Seql7 LEMIIEL A ok (B 4.12). MILLZ N, 24N Lys33785 AbHE 24
REBEVIERER, S48 mEREaEE R, B T 2% Lys33785 X 5Bk
VISR o
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Figd.12 The biofilm observed by SEM
(A) ¥EHETKE SC57; (B) SEPkE D IR Seql7; (C) SiEEkEERZ LM Seql3.
(A) Streptococcus suis SC57; (B) Streptococcus equi subsp. equi Seql7; (C) Streptococcus equi

subsp. zoonosis Seq13.
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AW ARG AT DA e RO AR AN R A0 B, AN AN R AN A A T, RV 2
SRR, DB AT M4 R SRR

KT IE TAF R E R 2 2N A1, 7 H — A R B R R 2R A il
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N 52.24% [ [R]—14, XK T Lys33795 72741 L@tk . Cpl-1 AWt o) iz it
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4.5.2 il Lys33795 HA T iz I, AP0 2 Fi i B BERR T R E 1L, 1 HA]
DASE [0 M TC PUAEBR B . T TR A 0 P LA 2 B 4 3R T 5 S

4.5.3 kMG Lys33795 Xf % Hi 24 HEER B R UL S AU AR BE M,  BA S S kb
fIF=tE . BEAl, Lys33795 nI7ER % pH H (pH{E =3~ 10) FIIEE (4~ 45<T) JEH
A PR A B T 1

4.5.4 Zifl Lys33795 W] LU 2515 B A BEBR 1A S By BEBR Y B s AV . DL BRI
HBIT Lys33795 Jli g ikt 2 B i 245 4 Bl R 1A A 25 W0 140 /5 45 IR 243400 o

106



1. W B AR W A48 T 2 1) 2 24 73, 32 2 AT R T 4 H (Caudovirales) fll il /)y
W T AR (Microviridae) 4 i, - HLAE g RET 9y -8 i v o A AN Kol o

2. AFREWTYY A RS 5 T TE W T R 3R AT O, W TR AR A 2 e A1 i AR 2 R T
HEEMO,

3. JVE W YA P T R A5 P R TR A0 B A A 101 AT A 5 R R W T A R A
UES P

4. Wrihts 3% i TEWE T 42 ARGs I ZABA71E, 57 BT 25V EBEAI L IE ARGs.
HAR MGE A2 ARGs [HEZIRBIA R . JRVEHGIN 1 W 54 Bl v i R 3 1)
ARGS 1 2 B 475 HH A% 1 1) XU o

5. Wry A5 e s 5 4L B A e FERT R, T gt v A 2 SRR L B TR T R I 1
B0 PV e T A AL — A 1 RO A ) 2R AR B IR 2, i AR B0 T 2590 A di A
J7 N7 R BRI T

107



TR FHEFERL

108

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



S22 3Rk

[1] Gresse R, Chaucheyras-Durand F, Fleury M A, et al. Gut Microbiota Dysbiosis in
Postweaning Piglets: Understanding the Keys to Health [J]. Trends in microbiology, 2017,
25(10): 851-873.

[2] Lalles J P, Bosi P, Smidt H, et al. Nutritional management of gut health in pigs around
weaning [J]. P Nutr Soc, 2007, 66(2): 260-268.

[3] Yang Q L, Huang X Y, Zhao S G, et al. Structure and Function of the Fecal Microbiota in
Diarrheic Neonatal Piglets [J]. Frontiers in microbiology, 2017, 8.

[4] Zbhou X H, Liu Y H, Xia X, et al. Intestinal accumulation of microbiota-produced succinate
caused by loss of microRNAs leads to diarrhea in weanling piglets [J]. Gut Microbes, 2022,
14(1).

[5] Xiao L, Estelle J, Kiilerich P, et al. A reference gene catalogue of the pig gut microbiome [J].
Nature microbiology, 2016, 1(12).

[6] Pang XY, Hua X G, Yang Q, et al. Inter-species transplantation of gut microbiota from
human to pigs [J]. Isme Journal, 2007, 1(2): 156-162.

[71 Albernaz-Goncalves R, Antillon G O, Hotzel M J. Linking Animal Welfare and Antibiotic
Use in Pig Farming-A Review [J]. Animals-Basel, 2022, 12(2).

[8] HuY F Gao G F, Zhu B L. The antibiotic resistome: gene flow in environments, animals
and human beings [J]. Front Med-Prc, 2017, 11(2): 161-168.

[9] Martinez-Garcia M, Santos F, Moreno-Paz M, et al. Unveiling viral-host interactions within
the 'microbial dark matter' [J]. Nature communications, 2014, 5.

[10] Minot S, Sinha R, Chen J, et al. The human gut virome: Inter-individual variation and
dynamic response to diet [J]. Genome Res, 2011, 21(10): 1616-1625.

[11] Feiner R, Argov T, Rabinovich L, et al. A new perspective on lysogeny: prophages as active
regulatory switches of bacteria [J]. Nature Reviews Microbiology, 2015, 13(10): 641-650.

[12] Juhas M, van der Meer J R, Gaillard M, et al. Genomic islands: tools of bacterial horizontal

gene transfer and evolution [J]. Fems Microbiol Rev, 2009, 33(2): 376-393.

109



THhRFEEL 28

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

110

Norman J M, Handley S A, Baldridge M T, et al. Disease-Specific Alterations in the Enteric
Virome in Inflammatory Bowel Disease [J]. Cell, 2015, 160(3): 447-460.
Mayneris-Perxachs J, Castells-Nobau A, Arnoriaga-Rodriguez M, et al. Caudovirales
bacteriophages are associated with improved executive function and memory in flies, mice,
and humans [J]. Cell host & microbe, 2022, 30(3): 340.

Marbouty M, Thierry A, Millot G A, et al. MetaHiC phage-bacteria infection network
reveals active cycling phages of the healthy human gut [J]. Elife, 2021, 10.

Ma Y F, You X Y, Mai G Q, et al. A human gut phage catalog correlates the gut phageome
with type 2 diabetes [J]. Microbiome, 2018, 6.

Brussow H, Canchaya C, Hardt W D. Phages and the evolution of bacterial pathogens:
From genomic rearrangements to lysogenic conversion [J]. Microbiol Mol Biol R, 2004,
68(3): 560.

D'Costa V M, King C E, Kalan L, et al. Antibiotic resistance is ancient [J]. Nature, 2011,
477(7365): 457-461.

Waschulin V, Borsetto C, James R, et al. Biosynthetic potential of uncultured Antarctic soil
bacteria revealed through long-read metagenomic sequencing [J]. Isme Journal, 2022, 16(1):
101-111.

de Castro A P, Fernandes G D, Franco O L. Insights into novel antimicrobial compounds
and antibiotic resistance genes from soil metagenomes [J]. Frontiers in microbiology, 2014,
5.

Campbell J M, Crenshaw J D, Polo J. The biological stress of early weaned piglets [J]. J
Anim Sci Biotechno, 2013, 4.

Brown D C, Maxwell C V, Erf G F, et al. The influence of different management systems
and age on intestinal morphology, immune cell numbers and mucin production from goblet
cells in post-weaning pigs [J]. Vet Immunol Immunop, 2006, 111(3-4): 187-198.

Heo J M, Opapeju F O, Pluske J R, et al. Gastrointestinal health and function in weaned
pigs: a review of feeding strategies to control post-weaning diarrhoea without using in-feed
antimicrobial compounds [J]. J Anim Physiol an N, 2013, 97(2): 207-237.

Bomba L, Minuti A, Moisa S J, et al. Gut response induced by weaning in piglet features



BHE Lk

marked changes in immune and inflammatory response [J]. Funct Integr Genomic, 2014,
14(4): 657-671.

[25] Saladrigas-Garcia M, Duran M, D'Angelo M, et al. An insight into the commercial piglet's
microbial gut colonization: from birth towards weaning [J]. Anim Microbiome, 2022, 4(1).

[26] Starke I C, Pieper R, Neumann K, et al. The impact of high dietary zinc oxide on the
development of the intestinal microbiota in weaned piglets [J]. Fems Microbiol Ecol, 2014,
87(2): 416-427.

[27] Fang D, Xu T Q, Sun J Y, et al. Nicotinamide Mononucleotide Ameliorates Sleep
Deprivation-Induced Gut Microbiota Dysbiosis and Restores Colonization Resistance
against Intestinal Infections [J]. Adv Sci, 2023.

[28] Kamada N, Seo S U, Chen G Y, et al. Role of the gut microbiota in immunity and
inflammatory disease [J]. Nat Rev Immunol, 2013, 13(5): 321-335.

[29] Bian G R, Ma S Q, Zhu Z G, et al. Age, introduction of solid feed and weaning are more
important determinants of gut bacterial succession in piglets than breed and nursing mother
as revealed by a reciprocal cross-fostering model [J]. Environ Microbiol, 2016, 18(5):
1566-1577.

[30] RistV TS, Weiss E, EKlund M, et al. Impact of dietary protein on microbiota composition
and activity in the gastrointestinal tract of piglets in relation to gut health: a review [J].
Animal, 2013, 7(7): 1067-1078.

[31] Konstantinov S R, Awati A A, Williams B A, et al. Post-natal development of the porcine
microbiota composition and activities [J]. Environ Microbiol, 2006, 8(7): 1191-1199.

[32] Tran T H T, Everaert N, Bindelle J. Review on the effects of potential prebiotics on
controlling intestinal enteropathogens Salmonella and Escherichia coli in pig production [J].
J Anim Physiol an N, 2018, 102(1): 17-32.

[33] Iwu C J, Iweriebor B C, Obi L C, et al. Occurrence of non-O157 Shiga toxin-producing
Escherichia coli in two commercial swine farms in the Eastern Cape Province, South Africa
[J]. Comp Immunol Microb, 2016, 44(48-53).

[34] Zhou D, Zhu Y H, Zhang W, et al. Oral administration of a select mixture of Bacillus

probiotics generates Trl cells in weaned F4ab/acR(-) pigs challenged with an F4(+)

111



THhRFEEL 28

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

112

ETEC/VTEC/EPEC strain [J]. Vet Res, 2015, 46.

Chen X, Xu J M, Ren E D, et al. Co-occurrence of early gut colonization in neonatal piglets
with microbiota in the maternal and surrounding delivery environments [J]. Anaerobe, 2018,
49(30-40).

Frese S A, Parker K, Calvert C C, et al. Diet shapes the gut microbiome of pigs during
nursing and weaning [J]. Microbiome, 2015, 3.

Dou S, Gadonna-Widehem P, Rome V, et al. Characterisation of Early-Life Fecal
Microbiota in Susceptible and Healthy Pigs to Post-Weaning Diarrhoea [J]. PloS one, 2017,
12(1).

Scharek L, Guth J, Reiter K, et al. Influence of a probiotic Enterococcus faecium strain on
development of the immune system of sows and piglets [J]. Vet Immunol Immunop, 2005,
105(1-2): 151-161.

Taras D, Vahjen W, Macha M, et al. Performance, diarrhea incidence, and occurrence of
Escherichia coli virulence genes during long-term administration of a probiotic
Enterococcus faecium strain to sows and piglets [J]. J Anim Sci, 2006, 84(3): 608-617.
Poulsen A SR, de Jonge N, Nielsen J L, et al. Impact of Bacillus spp. spores and gentamicin
on the gastrointestinal microbiota of suckling and newly weaned piglets [J]. PloS one, 2018,
13(11).

Byrgesen N, Madsen J G, Larsen C, et al. The Effect of Feeding Liquid or Dry Creep Feed
on Growth Performance, Feed Disappearance, Enzyme Activity and Number of Eaters in
Suckling Piglets [J]. Animals-Basel, 2021, 11(11).

Pluske J R, Turpin D L, Kim J C. Gastrointestinal tract (gut) health in the young pig [J].
Anim Nutr, 2018, 4(2): 187-196.

Kim J H, Heo K N, Odle J, et al. Liquid diets accelerate the growth of early-weaned pigs
and the effects are maintained to market weight [J]. J Anim Sci, 2001, 79(2): 427-434.
Canchaya C, Fournous G, Chibani-Chennoufi S, et al. Phage as agents of lateral gene
transfer [J]. Current opinion in microbiology, 2003, 6(4): 417-424.

Mulder 1 E, Schmidt B, Lewis M, et al. Restricting Microbial Exposure in Early Life

Negates the Immune Benefits Associated with Gut Colonization in Environments of High



BHE Lk

Microbial Diversity [J]. PloS one, 2011, 6(12).

[46] McCracken B A, Spurlock M E, Roos M A, et al. Weaning anorexia may contribute to local
inflammation in the piglet small intestine [J]. J Nutr, 1999, 129(3): 613-619.

[47] Dubreuil J D. Enterotoxigenic Escherichia coli and probiotics in swine: what the bleep do
we know? [J]. Biosci Microb Food H, 2017, 36(3): 75-90.

[48] Upadhaya S D, Kim | H. Maintenance of gut microbiome stability for optimum intestinal
health in pigs - a review [J]. J Anim Sci Biotechno, 2022, 13(1).

[49] Qian X, Gu J, Sun W, et al. Diversity, abundance, and persistence of antibiotic resistance
genes in various types of animal manure following industrial composting [J]. J Hazard
Mater, 2018, 344(716-722.

[50] Wang C L, Li P, Yan Q L, et al. Characterization of the Pig Gut Microbiome and Antibiotic
Resistome in Industrialized Feedlots in China [J]. Msystems, 2019, 4(6).

[51] Li L L, Xiao Y W, Olsen R H, et al. Short- and long-read metagenomics insight into the
genetic contexts an hosts of mobile antibiotic resistome in Chinese swine farms [J]. Sci
Total Environ, 2022, 827.

[52] Yang Y W, Xing S C, Chen Y X, et al. Profiles of bacteria/phage-comediated ARGs in pig
farm wastewater treatment plants in China: Association with mobile genetic elements,
bacterial communities and environmental factors [J]. J Hazard Mater, 2021, 404.

[53] Martinez J L, Coque T M, Baquero F. What is a resistance gene? Ranking risk in resistomes
[J]. Nature Reviews Microbiology, 2015, 13(2): 116-123.

[54] Cox G, Wright G D. Intrinsic antibiotic resistance: Mechanisms, origins, challenges and
solutions [J]. International Journal Of Medical Microbiology, 2013, 303(6-7): 287-292.

[55] Gardner B, Betson M, Rosel A C, et al. Mapping the evidence of the effects of
environmental factors on the prevalence of antibiotic resistance in the non-built
environment: Protocol for a systematic evidence map [J]. Environ Int, 2023, 171.

[56] Emamalipour M, Seidi K, Vahed S Z, et al. Horizontal Gene Transfer: From Evolutionary
Flexibility to Disease Progression [J]. Front Cell Dev Biol, 2020, 8.

[57] Brown-Jaque M, Calero-Caceres W, Muniesa M. Transfer of antibiotic-resistance genes via

phage-related mobile elements [J]. Plasmid, 2015, 79(1-7).

113



THhRFEEL 28

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

114

Hu Y F, Yang X, Li J, et al. The Bacterial Mobile Resistome Transfer Network Connecting
the Animal and Human Microbiomes [J]. Applied and environmental microbiology, 2016,
82(22): 6672-6681.

Brigulla M, Wackernagel W. Molecular aspects of gene transfer and foreign DNA
acquisition in prokaryotes with regard to safety issues [J]. Appl Microbiol Biot, 2010, 86(4):
1027-1041.

Duesberg C B, Malhotra-Kumar S, Goossens H, et al. Interspecies Recombination Occurs
Frequently in Quinolone Resistance-Determining Regions of Clinical Isolates of
Streptococcus pyogenes [J]. Antimicrobial agents and chemotherapy, 2008, 52(11):
4191-4193.

Casjens S. Prophages and bacterial genomics: what have we learned so far? [J]. Molecular
microbiology, 2003, 49(2): 277-300.

Oliver A, Coque T M, Alonso D, et al. CTX-M-10 linked to a phage-related element is
widely disseminated among Enterobacteriaceae in a Spanish hospital [J]. Antimicrobial
agents and chemotherapy, 2005, 49(4): 1567-1571.

Banks D J, Porcella S F, Barbian K D, et al. Structure and distribution of an unusual
chimeric genetic element encoding macrolide resistance in phylogenetically diverse clones
of group A Streptococcus [J]. Journal Of Infectious Diseases, 2003, 188(12): 1898-1908.
Wyres K L, van Tonder A, Lambertsen L M, et al. Evidence of antimicrobial
resistance-conferring genetic elements among pneumococci isolated prior to 1974 [J]. BMC
genomics, 2013, 14.

Maslanova |, Doskar J, Varga M, et al. Bacteriophages of Staphylococcus aureus efficiently
package various bacterial genes and mobile genetic elements including SCCmec with
different frequencies [J]. Env Microbiol Rep, 2013, 5(1): 66-73.

Smillie C S, Smith M B, Friedman J, et al. Ecology drives a global network of gene
exchange connecting the human microbiome [J]. Nature, 2011, 480(7376): 241-244.
Rodriguez-Mozaz S, Chamorro S, Marti E, et al. Occurrence of antibiotics and antibiotic
resistance genes in hospital and urban wastewaters and their impact on the receiving river

[J]. Water Res, 2015, 69(234-242).



BHE Lk

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Korzeniewska E, Korzeniewska A, Harnisz M. Antibiotic resistant Escherichia coli in
hospital and municipal sewage and their emission to the environment [J]. Ecotox Environ
Safe, 2013, 91(96-102).

Winokur P L, Vonstein D L, Hoffman L J, et al. Evidence for transfer of CMY-2 AmpC
beta-lactamase plasmids between Escherichia coli and Salmonella isolates from food
animals and humans [J]. Antimicrobial agents and chemotherapy, 2001, 45(10): 2716-2722.

Moubareck C, Bourgeois N, Courvalin P, et al. Multiple antibiotic resistance gene transfer
from animal to human enterococci in the digestive tract of gnotobiotic mice [J].
Antimicrobial agents and chemotherapy, 2003, 47(9): 2993-2996.

Davies J, Davies D. Origins and Evolution of Antibiotic Resistance [J]. Microbiol Mol Biol
R, 2010, 74(3): 417.

Antimicrobial resistance: Implications for the food system. An expert report, funded by the
IFT Foundation [J]. Compr Rev Food Sci F, 2006, 5(3): 71-137.

Hu Y F, Liu F, Lin | Y C, et al. Dissemination of the mcr-1 colistin resistance gene [J].
Lancet Infectious Diseases, 2016, 16(2): 146-147.

Handelsman J. Metagenomics: Application of genomics to uncultured microorganisms (vol
68, pg 669, 2004) [J]. Microbiol Mol Biol R, 2005, 69(1): 195-195.

Baker B J, Banfield J F. Microbial communities in acid mine drainage [J]. Fems Microbiol
Ecol, 2003, 44(2): 139-152.

Yooseph S, Sutton G, Rusch D B, et al. The Sorcerer 11 Global Ocean Sampling expedition:
Expanding the universe of protein families [J]. Plos Biol, 2007, 5(3): 432-466.

Aggarwala V, Liang G X, Bushman F D. Viral communities of the human gut: metagenomic
analysis of composition and dynamics [J]. Mobile DNA-UK, 2017, 8.

Norman J M, Handley S A, Virgin H W. Kingdom-Agnostic Metagenomics and the
Importance of Complete Characterization of Enteric Microbial Communities [J].
Gastroenterology, 2014, 146(6): 1459-1469.

Paez-Espino D, Eloe-Fadrosh E A, Pavlopoulos G A, et al. Uncovering Earth's virome [J].
Nature, 2016, 536(7617): 425.

Manrique P, Bolduc B, Walk S T, et al. Healthy human gut phageome [J]. Proceedings of the

115



THhRFEEL 28

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

116

National Academy of Sciences of the United States of America, 2016, 113(37):
10400-10405.

Kim M S, Park E J, Roh S W, et al. Diversity and Abundance of Single-Stranded DNA
Viruses in Human Feces [J]. Applied and environmental microbiology, 2011, 77(22):
8062-8070.

Shkoporov A N, Clooney A G, Sutton T D S, et al. The Human Gut Virome Is Highly
Diverse, Stable, and Individual Specific [J]. Cell host & microbe, 2019, 26(4): 527.

Stern A, Mick E, Tirosh I, et al. CRISPR targeting reveals a reservoir of common phages
associated with the human gut microbiome [J]. Genome Res, 2012, 22(10): 1985-1994.
Gregory A C, Zablocki O, Zayed A A, et al. The Gut Virome Database Reveals
Age-Dependent Patterns of Virome Diversity in the Human Gut [J]. Cell host & microbe,
2020, 28(5): 724.

Moreno-Gallego J L, Chou S P, Di Rienzi S C, et al. Virome Diversity Correlates with
Intestinal Microbiome Diversity in Adult Monozygotic Twins [J]. Cell host & microbe,
2019, 25(2): 261.

Bushman F, Liang G X. Assembly of the virome in newborn human infants [J]. Curr Opin
Virol, 2021, 48(17-22).

Ferretti P, Pasolli E, Tett A, et al. Mother-to-Infant Microbial Transmission from Different
Body Sites Shapes the Developing Infant Gut Microbiome [J]. Cell host & microbe, 2018,
24(1): 133.

Pannaraj P S, Ly M, Cerini C, et al. Shared and Distinct Features of Human Milk and Infant
Stool Viromes [J]. Frontiers in microbiology, 2018, 9.

Mirzaei M K, Khan M A A, Ghosh P, et al. Bacteriophages Isolated from Stunted Children
Can Regulate Gut Bacterial Communities in an Age-Specific Manner [J]. Cell host &
microbe, 2020, 27(2): 199.

Hsu C L, Duan Y, Fouts D E, et al. Intestinal virome and therapeutic potential of
bacteriophages in liver disease [J]. J Hepatol, 2021, 75(6): 1465-1475.

Wetzel K S, Aull H G, Zack K M, et al. Protein-Mediated and RNA-Based Origins of

Replication of Extrachromosomal Mycobacterial Prophages [J]. mBio, 2020, 11(2).



BHE Lk

[92] Loh B, Kuhn A, Leptihn S. The fascinating biology behind phage display: filamentous
phage assembly [J]. Molecular microbiology, 2019, 111(5): 1132-1138.

[93] Kirsch J M, Brzozowski R S, Faith D, et al. Bacteriophage-Bacteria Interactions in the Gut:
From Invertebrates to Mammals [J]. Annu Rev Virol, 2021, 8(95-113.

[94] Sinha A, Li Y, Mirzaei M K, et al. Transplantation of bacteriophages from ulcerative colitis
patients shifts the gut bacteriome and exacerbates the severity of DSS colitis [J].
Microbiome, 2022, 10(1).

[95] Chatterjee A, Willett J L E, Dunny G M, et al. Phage infection and sub-lethal antibiotic
exposure mediate Enterococcus faecalis type VII secretion system dependent inhibition of
bystander bacteria [J]. PLoS genetics, 2021, 17(1).

[96] Hsu B B, Gibson T E, Yeliseyev V, et al. Dynamic Modulation of the Gut Microbiota and
Metabolome by Bacteriophages in a Mouse Model [J]. Cell host & microbe, 2019, 25(6):
803.

[97] Cornuault J K, Petit M A, Mariadassou M, et al. Phages infecting Faecalibacterium
prausnitzii belong to novel viral genera that help to decipher intestinal viromes [J].
Microbiome, 2018, 6.

[98] Coughlan S, Das A, O'Herlihy E, et al. The gut virome in Irritable Bowel Syndrome differs
from that of controls [J]. Gut Microbes, 2021, 13(1).

[99] Clooney A G, Sutton T D S, Shkoporov A N, et al. Whole-Virome Analysis Sheds Light on
Viral Dark Matter in Inflammatory Bowel Disease [J]. Cell host & microbe, 2019, 26(6):
764.

[100] Diard M, Bakkeren E, Cornuault J K, et al. Inflammation boosts bacteriophage transfer
between Salmonella spp. [J]. Science, 2017, 355(6330): 1211-1215.

[101] Tiamani K, Luo S Q, Schulz S, et al. The role of virome in the gastrointestinal tract and
beyond [J]. Fems Microbiol Rev, 2022, 46(6).

[102] Kim S, Rigatto K, Gazzana M B, et al. Altered Gut Microbiome Profile in Patients With
Pulmonary Arterial Hypertension [J]. Hypertension, 2020, 75(4): 1063-1071.

[103] Padhi P, Worth C, Zenitsky G, et al. Mechanistic Insights Into Gut Microbiome

Dysbiosis-Mediated Neuroimmune Dysregulation and Protein Misfolding and Clearance in

117



THhRFEEL 28

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

118

the Pathogenesis of Chronic Neurodegenerative Disorders [J]. Front Neurosci-Switz, 2022,
16.

Lang S, Demir M, Martin A, et al. Intestinal Virome Signature Associated With Severity of
Nonalcoholic Fatty Liver Disease [J]. Gastroenterology, 2020, 159(5): 1839-1852.

Cinek O, Kramna L, Lin J, et al. Imbalance of bacteriome profiles within the Finnish
Diabetes Prediction and Prevention study: Parallel use of 16S profiling and virome
sequencing in stool samples from children with islet autoimmunity and matched controls [J].
Pediatr Diabetes, 2017, 18(7): 588-598.

Mara P, Vik D, Pachiadaki M G, et al. Viral elements and their potential influence on
microbial processes along the permanently stratified Cariaco Basin redoxcline [J]. Isme
Journal, 2020, 14(12): 3079-3092.

Chevallereau A, Pons B J, van Houte S, et al. Interactions between bacterial and phage
communities in natural environments [J]. Nature Reviews Microbiology, 2022, 20(1):
49-62.

Gyles C L. Shiga toxin-producing Escherichia coli: An overview [J]. J Anim Sci, 2007,
85(E45-E62).

Spencer L, Olawuni B, Singh P. Gut Virome: Role and Distribution in Health and
Gastrointestinal Diseases [J]. Front Cell Infect Mi, 2022, 12.

Colomer-Lluch M, Jofre J, Muniesa M. Antibiotic Resistance Genes in the Bacteriophage
DNA Fraction of Environmental Samples [J]. PloS one, 2011, 6(3).

Modi S R, Lee H H, Spina C S, et al. Antibiotic treatment expands the resistance reservoir
and ecological network of the phage metagenome [J]. Nature, 2013, 499(7457): 219.

Van Belleghem J D, Clement F, Merabishvili M, et al. Pro- and anti-inflammatory responses
of peripheral blood mononuclear cells induced by Staphylococcus aureus and Pseudomonas
aeruginosa phages [J]. Scientific reports, 2017, 7.

Gogokhia L, Buhrke K, Bell R, et al. Expansion of Bacteriophages Is Linked to Aggravated
Intestinal Inflammation and Colitis [J]. Cell host & microbe, 2019, 25(2): 285.
Miedzybrodzki R, Switala-Jelen K, Fortuna W, et al. Bacteriophage preparation inhibition

of reactive oxygen species generation by endotoxin-stimulated polymorphonuclear



BHE Lk

leukocytes [J]. Virus Res, 2008, 131(2): 233-242.

[115] McCort M, MacKenzie E, Pursell K, et al. Bacterial infections in lung transplantation [J]. J
Thorac Dis, 2021, 13(11): 6654-6672.

[116] Allen H K, Looft T, Bayles D O, et al. Antibiotics in Feed Induce Prophages in Swine Fecal
Microbiomes [J]. mBio, 2011, 2(6).

[117] Johnson T A, Looft T, Severin A J, et al. The In-Feed Antibiotic Carbadox Induces Phage
Gene Transcription in the Swine Gut Microbiome [J]. mBio, 2017, 8(4).

[118] Tao S Y, Zou H C, Li J J, et al. Landscapes of Enteric Virome Signatures in Early-Weaned
Piglets [J]. Microbiol Spectr, 2022.

[119] Segura M, Calzas C, Grenier D, et al. Initial steps of the pathogenesis of the infection
caused by Streptococcus suis: fighting against nonspecific defenses [J]. Febs Lett, 2016,
590(21): 3772-3799.

[120] Votsch D, Willenborg M, Weldearegay Y B, et al. Streptococcus suis - The "Two Faces™ of a
Pathobiont in the Porcine Respiratory Tract [J]. Frontiers in microbiology, 2018, 9.

[121] Palmieri C, Varaldo P E, Facinelli B. Streptococcus suis, an emerging drug-resistant animal
and human pathogen [J]. Frontiers in microbiology, 2011, 2.

[122] Huang J H, Liang Y, Guo D W, et al. Comparative Genomic Analysis of the ICESa2603
Family ICEs and Spread of erm(B)- and tet(O)-Carrying Transferable 89K-Subtype ICEs in
Swine and Bovine Isolates in China [J]. Frontiers in microbiology, 2016, 7.

[123] Libante V, Nombre Y, Coluzzi C, et al. Chromosomal Conjugative and Mobilizable
Elements in Streptococcus suis: Major Actors in the Spreading of Antimicrobial Resistance
and Bacteriocin Synthesis Genes [J]. Pathogens, 2020, 9(1).

[124] Uruen C, Chopo-Escuin G, Tommassen J, et al. Biofilms as Promoters of Bacterial
Antibiotic Resistance and Tolerance [J]. Antibiotics-Basel, 2021, 10(1).

[125] Chuzeville S, Auger J P, Dumesnil A, et al. Serotype-specific role of antigen I/ll in the
initial steps of the pathogenesis of the infection caused by Streptococcus suis [J]. Vet Res,
2017, 48.

[126] Tanabe S I, Bonifait L, Fittipaldi N, et al. Pleiotropic effects of polysaccharide capsule loss

on selected biological properties of Streptococcus suis [J]. Canadian Journal Of Veterinary

119



THhRFEEL 28

[127]

[128]

Research-Revue Canadienne De Recherche Veterinaire, 2010, 74(1): 65-70.

Munoz-Egea M C, Garcia-Pedrazuela M, Mahillo-Fernandez I, et al. Effect of Antibiotics
and Antibiofilm Agents in the Ultrastructure and Development of Biofilms Developed by
Nonpigmented Rapidly Growing Mycobacteria [J]. Microb Drug Resist, 2016, 22(1): 1-6.
Guo D W, Wang L P, Lu C P. In Vitro Biofilm Forming Potential Of Streptococcus Suis

Isolated From Human And Swine In China [J]. Braz J Microbiol, 2012, 43(3): 993-1004.

[129] Lewis K. Persister cells, dormancy and infectious disease [J]. Nature Reviews Microbiology,

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

120

2007, 5(1): 48-56.

Walters M C, Roe F, Bugnicourt A, et al. Contributions of antibiotic penetration, oxygen
limitation, and low metabolic activity to tolerance of Pseudomonas aeruginosa biofilms to
ciprofloxacin and tobramycin [J]. Antimicrobial agents and chemotherapy, 2003, 47(1):
317-323.

Doroshenko N, Tseng B S, Howlin R P, et al. Extracellular DNA Impedes the Transport of
Vancomycin in Staphylococcus epidermidis Biofilms Preexposed to Subinhibitory
Concentrations of Vancomycin [J]. Antimicrobial agents and chemotherapy, 2014, 58(12):
7273-7282.

MaF, Yi L, YuN W, et al. Streptococcus suis Serotype 2 Biofilms Inhibit the Formation of
Neutrophil Extracellular Traps [J]. Front Cell Infect Mi, 2017, 7.

Hannan S, Ready D, Jasni A S, et al. Transfer of antibiotic resistance by transformation with
eDNA within oral biofilms [J]. FEMS immunology and medical microbiology, 2010, 59(3):
345-349.

Uruen C, Garcia C, Fraile L, et al. How Streptococcus suis escapes antibiotic treatments [J].
Vet Res, 2022, 53(1).

Hoa N T, Chieu T T B, Nghia H D T, et al. The antimicrobial resistance patterns and
associated determinants in Streptococcus suis isolated from humans in southern Vietnam,
1997-2008 [J]. Bmc Infect Dis, 2011, 11.

Segura M. Streptococcus suis vaccines: candidate antigens and progress [J]. Expert Rev
Vaccines, 2015, 14(12): 1587-1608.

Stoffels L, Taunt H N, Charalambous B, et al. Synthesis of bacteriophage lytic proteins



BHE Lk

against Streptococcus pneumoniae in the chloroplast of Chlamydomonas reinhardtii [J].
Plant Biotechnol J, 2017, 15(9): 1130-1140.

[138] Hermoso J A, Garcia J L, Garcia P. Taking aim on bacterial pathogens: from phage therapy
to enzybiotics [J]. Current opinion in microbiology, 2007, 10(5): 461-472.

[139] Schmelcher M, Donovan D M, Loessner M J. Bacteriophage endolysins as novel
antimicrobials [J]. Future microbiology, 2012, 7(10): 1147-1171.

[140] Linden S B, Alreja A B, Nelson D C. Application of bacteriophage-derived endolysins to
combat streptococcal disease: current State and perspectives [J]. Curr Opin Biotech, 2021,
68(213-220.

[141] Schmelcher M, Powell A M, Camp M J, et al. Synergistic streptococcal phage lambda SA2
and B30 endolysins Kill streptococci in cow milk and in a mouse model of mastitis [J]. Appl
Microbiol Biot, 2015, 99(20): 8475-8486.

[142] Hoopes J T, Stark C J, Kim H A, et al. Use of a Bacteriophage Lysin, PlyC, as an Enzyme
Disinfectant against Streptococcus equi [J]. Applied and environmental microbiology, 2009,
75(5): 1388-1394.

[143] Sharma U, Vipra A, Channabasappa S. Phage-derived lysins as potential agents for
eradicating biofilms and persisters [J]. Drug Discov Today, 2018, 23(4): 848-856.

[144] Meng X P, Shi Y B, Ji W H, et al. Application of a Bacteriophage Lysin To Disrupt Biofilms
Formed by the Animal Pathogen Streptococcus suis [J]. Applied and environmental
microbiology, 2011, 77(23): 8272-8279.

[145] Domenech M, Garcia E, Moscoso M. In Vitro Destruction of Streptococcus pneumoniae
Biofilms with Bacterial and Phage Peptidoglycan Hydrolases [J]. Antimicrobial agents and
chemotherapy, 2011, 55(9): 4144-4148.

[146] Shen Y, Koller T, Kreikemeyer B, et al. Rapid degradation of Streptococcus pyogenes
biofilms by PlyC, a bacteriophage-encoded endolysin [J]. J Antimicrob Chemoth, 2013,
68(8): 1818-1824.

[147] Looft T, Allen H K, Cantarel B L, et al. Bacteria, phages and pigs: the effects of in-feed
antibiotics on the microbiome at different gut locations [J]. Isme Journal, 2014, 8(8):

1566-1576.

121



THhRFEEL 28

[148] Wei H Y, Huang S, Yao T, et al. Detection of viruses in abalone tissue using metagenomics
technology [J]. Aquac Res, 2018, 49(8): 2704-2713.

[149] Bolger A M, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for Illumina sequence
data [J]. Bioinformatics, 2014, 30(15): 2114-2120.

[150] Li R Q, Li Y R, Kristiansen K, et al. SOAP: short oligonucleotide alignment program [J].
Bioinformatics, 2008, 24(5): 713-714.

[151] Li H, Durbin R. Fast and accurate short read alignment with Burrows-Wheeler transform [J].
Bioinformatics, 2009, 25(14): 1754-1760.

[152] Li D H, Luo R B, Liu C M, et al. MEGAHIT v1.0: A fast and scalable metagenome
assembler driven by advanced methodologies and community practices [J]. Methods, 2016,
102(3-11).

[153] Li W Z, Godzik A. Cd-hit: a fast program for clustering and comparing large sets of protein
or nucleotide sequences [J]. Bioinformatics, 2006, 22(13): 1658-1659.

[154] Shi M, Lin X D, Tian J H, et al. Redefining the invertebrate RNA virosphere [J]. Nature,
2016, 540(7634): 539.

[155] Zhao G Y, Wu G, Lim E S, et al. VirusSeeker, a computational pipeline for virus discovery
and virome composition analysis [J]. Virology, 2017, 503(21-30).

[156] Skewes-Cox P, Sharpton T J, Pollard K S, et al. Profile Hidden Markov Models for the
Detection of Viruses within Metagenomic Sequence Data [J]. PloS one, 2014, 9(8).

[157] Zzhu W H, Lomsadze A, Borodovsky M. Ab initio gene identification in metagenomic
sequences [J]. Nucleic acids research, 2010, 38(12).

[158] Seemann T. Prokka: rapid prokaryotic genome annotation [J]. Bioinformatics, 2014, 30(14):
2068-2069.

[159] El-Gebali S, Mistry J, Bateman A, et al. The Pfam protein families database in 2019 [J].
Nucleic acids research, 2019, 47(D1): D427-D432.

[160] Hulo C, de Castro E, Masson P, et al. ViralZone: a knowledge resource to understand virus
diversity [J]. Nucleic acids research, 2011, 39(D576-D582.

[161] Kanehisa M, Sato Y, Morishima K. BlastKOALA and GhostKOALA: KEGG Tools for

Functional Characterization of Genome and Metagenome Sequences [J]. Journal of

122



BHE Lk

molecular biology, 2016, 428(4): 726-731.

[162] Dhal B, Thatoi H N, Das N N, et al. Chemical and microbial remediation of hexavalent
chromium from contaminated soil and mining/metallurgical solid waste: A review [J]. J
Hazard Mater, 2013, 250(272-291).

[163] Breitbart M, Hewson |, Felts B, et al. Metagenomic analyses of an uncultured viral
community from human feces [J]. Journal of bacteriology, 2003, 185(20): 6220-6223.

[164] Reyes A, Haynes M, Hanson N, et al. Viruses in the faecal microbiota of monozygotic twins
and their mothers [J]. Nature, 2010, 466(7304): 334-U381.

[165] Varsani A, Krupovic M. Smacoviridae: a new family of animal-associated single-stranded
DNA viruses (vol 163, pg 2005, 2018) [J]. Arch Virol, 2018, 163(11): 3213-3214.

[166] Anindita P D, Sasaki M, Gonzalez G, et al. Discovery and genetic characterization of
diverse smacoviruses in Zambian non-human primates (vol 9, 5045, 2019) [J]. Scientific
reports, 2019, 9.

[167] Diez-Villasenor C, Rodriguez-Valera F. CRISPR analysis suggests that small circular
single-stranded DNA smacoviruses infect Archaea instead of humans [J]. Nature
communications, 2019, 10.

[168] Suchodolski J S, Ruaux C G, Steiner J M, et al. Assessment of the qualitative variation in
bacterial microflora among compartments of the intestinal tract of dogs by use of a
molecular fingerprinting technique [J]. American journal of veterinary research, 2005, 66(9):
1556-1562.

[169] Rhoades N S, Hendrickson S M, Prongay K, et al. Growth faltering regardless of chronic
diarrhea is associated with mucosal immune dysfunction and microbial dysbiosis in the gut
lumen [J]. Mucosal Immunol, 2021, 14(5): 1113-1126.

[170] Huang D, Yu P F, Ye M, et al. Enhanced mutualistic symbiosis between soil phages and
bacteria with elevated chromium-induced environmental stress [J]. Microbiome, 2021, 9(1):

[171] Minot S, Bryson A, Chehoud C, et al. Rapid evolution of the human gut virome [J].
Proceedings of the National Academy of Sciences of the United States of America, 2013,
110(30): 12450-12455.

[172] Truong D T, Franzosa E A, Tickle T L, et al. MetaPhlAn2 for enhanced metagenomic

123



THhRFEEL 28

taxonomic profiling [J]. Nat Methods, 2015, 12(10): 902-903.

[173] Bland C, Ramsey T L, Sabree F, et al. CRISPR Recognition Tool (CRT): a tool for
automatic detection of clustered regularly interspaced palindromic repeats [J]. Bmc
Bioinformatics, 2007, 8.

[174] Segata N, lzard J, Waldron L, et al. Metagenomic biomarker discovery and explanation [J].
Genome Biol, 2011, 12(6).

[175] Fortier L C, Sekulovic O. Importance of prophages to evolution and virulence of bacterial
pathogens [J]. Virulence, 2013, 4(5): 354-365.

[176] Doron S, Melamed S, Ofir G, et al. Systematic discovery of antiphage defense systems in
the microbial pangenome [J]. Science, 2018, 359(6379).

[177] Lourenco M, Chaffringeon L, Lamy-Besnier Q, et al. The Spatial Heterogeneity of the Gut
Limits Predation and Fosters Coexistence of Bacteria and Bacteriophages [J]. Cell host &
microbe, 2020, 28(3): 390.

[178] Shapiro O H, Kushmaro A, Brenner A. Bacteriophage predation regulates microbial
abundance and diversity in a full-scale bioreactor treating industrial wastewater [J]. Isme
Journal, 2010, 4(3): 327-336.

[179] Heilmann S, Sneppen K, Krishna S. Coexistence of phage and bacteria on the boundary of
self-organized refuges [J]. Proceedings of the National Academy of Sciences of the United
States of America, 2012, 109(31): 12828-12833.

[180] De Sordi L, Khanna V, Debarbieux L. The Gut Microbiota Facilitates Drifts in the Genetic
Diversity and Infectivity of Bacterial Viruses [J]. Cell host & microbe, 2017, 22(6): 801.

[181] Yu P F, Mathieu J, Yang Y, et al. Suppression of Enteric Bacteria by Bacteriophages:
Importance of Phage Polyvalence in the Presence of Soil Bacteria [J]. Environ Sci Technol,
2017, 51(9): 5270-5278.

[182] Monaci P, Urbanelli L, Fontana L. Phage as gene delivery vectors [J]. Curr Opin Mol Ther,
2001, 3(2): 159-169.

[183] Hu J, Ye H, Wang S L, et al. Prophage Activation in the Intestine: Insights Into Functions
and Possible Applications [J]. Frontiers in microbiology, 2021, 12.

[184] Chechushkov A, Kozlova Y, Baykov I, et al. Influence of Caudovirales Phages on Humoral

124



BHE Lk

Immunity in Mice [J]. Viruses-Basel, 2021, 13(7).

[185] Koh H W, Kim M S, Lee J S, et al. Changes in the Swine Gut Microbiota in Response to
Porcine Epidemic Diarrhea Infection [J]. Microbes Environ, 2015, 30(3): 284-287.

[186] Shkoporov A N, Khokhlova E V, Stephens N, et al. Long-term persistence of crAss-like
phage crAss001 is associated with phase variation in Bacteroides intestinalis [J]. Bmc Biol,
2021, 19(2).

[187] Sun J, Du L, Li X L, et al. Identification of the core bacteria in rectums of diarrheic and
non-diarrheic piglets [J]. Scientific reports, 2019, 9.

[188] van Nood E, Vrieze A, Nieuwdorp M, et al. Duodenal Infusion of Donor Feces for
Recurrent Clostridium difficile [J]. New Engl J Med, 2013, 368(5): 407-415.

[189] Ott S J, Waetzig G H, Rehman A, et al. Efficacy of Sterile Fecal Filtrate Transfer for
Treating Patients With Clostridium difficile Infection [J]. Gastroenterology, 2017, 152(4):
799.

[190] Samreen, Ahmad I, Malak H A, et al. Environmental antimicrobial resistance and its drivers:
a potential threat to public health [J]. J Glob Antimicrob Re, 2021, 27(101-111).

[191] Li N, Liu C, Zhang Z G, et al. Research and Technological Advances Regarding the Study
of the Spread of Antimicrobial Resistance Genes and Antimicrobial-Resistant Bacteria
Related to Animal Husbandry [J]. Int J Env Res Pub He, 2019, 16(24).

[192] Dokland T. Molecular Piracy: Redirection of Bacteriophage Capsid Assembly by Mobile
Genetic Elements [J]. Viruses-Basel, 2019, 11(11).

[193] Li X J, Rensing C, Vestergaard G, et al. Metagenomic evidence for co-occurrence of
antibiotic, biocide and metal resistance genes in pigs [J]. Environ Int, 2022, 158.

[194] Shkoporov A N, Turkington C J, Hill C. Mutualistic interplay between bacteriophages and
bacteria in the human gut [J]. Nature Reviews Microbiology, 2022.

[195] Kim K, Song M, Liu Y H, et al. Enterotoxigenic Escherichia coli infection of weaned pigs:
Intestinal challenges and nutritional intervention to enhance disease resistance [J]. Front
Immunol, 2022, 13.

[196] Xia B, Zhong R Q, Wu W D, et al. Mucin O-glycan-microbiota axis orchestrates gut

homeostasis in a diarrheal pig model [J]. Microbiome, 2022, 10(1).

125



THhRFEEL 28

[197] Enault F, Briet A, Bouteille L, et al. Phages rarely encode antibiotic resistance genes: a
cautionary tale for virome analyses [J]. Isme Journal, 2017, 11(1): 237-247.

[198] Balcazar J L. Bacteriophages as Vehicles for Antibiotic Resistance Genes in the
Environment [J]. PLoS pathogens, 2014, 10(7).

[199] Calero-Caceres W, Balcazar J L. Antibiotic resistance genes in bacteriophages from diverse
marine habitats [J]. Sci Total Environ, 2019, 654(452-455.

[200] Piotrowska M, Popowska M. Insight into the mobilome of Aeromonas strains [J]. Frontiers
in microbiology, 2015, 6.

[201] Zzhang Y, Cheng D M, Xie J, et al. Impacts of farmland application of
antibiotic-contaminated manures on the occurrence of antibiotic residues and antibiotic
resistance genes in soil: A meta-analysis study [J]. Chemosphere, 2022, 300.

[202] Qiu T L, Huo L H, Guo Y J, et al. Metagenomic assembly reveals hosts and mobility of
common antibiotic resistome in animal manure and commercial compost [J]. Environ
Microbiome, 2022, 17(1).

[203] Maurya A P, Rajkumari J, Pandey P. Enrichment of antibiotic resistance genes (ARGS) in
polyaromatic hydrocarbon-contaminated soils: a major challenge for environmental health
[J]. Environ Sci Pollut R, 2021, 28(10): 12178-12189.

[204] Brenciani A, Bacciaglia A, Vignaroli C, et al. Phi m46.1, the Main Streptococcus pyogenes
Element Carrying mef(A) and tet(O) Genes [J]. Antimicrobial agents and chemotherapy,
2010, 54(1): 221-229.

[205] Javan R R, Ramos-Sevillano E, Akter A, et al. Prophages and satellite prophages are
widespread in Streptococcus and may play a role in pneumococcal pathogenesis [J]. Nature
communications, 2019, 10.

[206] Palmieri C, Princivalli M S, Brenciani A, et al. Different Genetic Elements Carrying the
tet(W) Gene in Two Human Clinical Isolates of Streptococcus suis [J]. Antimicrobial agents
and chemotherapy, 2011, 55(2): 631-636.

[207] Shang Y H, Li D X, Hao W B, et al. A prophage and two ICESa2603-family integrative and
conjugative elements (ICEs) carrying optrA in Streptococcus suis [J]. J Antimicrob

Chemoth, 2019, 74(10): 2876-2879.

126



BHE Lk

[208] Bearson B L, Allen H K, Brunelle B W, et al. The agricultural antibiotic carbadox induces
phage-mediated gene transfer in Salmonella [J]. Frontiers in microbiology, 2014, 5(

[209] Amankwah F K D, Gbedema S Y, Boakye Y D, et al. Antimicrobial Potential of Extract
from a Pseudomonas aeruginosa Isolate [J]. Scientifica, 2022, 2022.

[210] Kotloff K L. Bacterial diarrhoea [J]. Curr Opin Pediatr, 2022, 34(2): 147-155.

[211] Azevedo B L D, Junior J P A, Ullmann L S, et al. The Discovery of a New Mimivirus
Isolate in Association with Virophage-Transpoviron Elements in Brazil Highlights the Main
Genomic and Evolutionary Features of This Tripartite System [J]. Viruses-Basel, 2022,
14(2).

[212] Colson P, Ominami Y, Hisada A, et al. Giant mimiviruses escape many canonical criteria of
the virus definition [J]. Clin Microbiol Infec, 2019, 25(2): 147-154.

[213] Ghosh C, Sarkar P, Issa R, et al. Alternatives to Conventional Antibiotics in the Era of
Antimicrobial Resistance [J]. Trends in microbiology, 2019, 27(4): 323-338.

[214] Ma Y L, Lu C P. Isolation and identification of a bacteriophage capable of infecting
Streptococcus suis type 2 strains [J]. Veterinary microbiology, 2008, 132(3-4): 340-347.

[215] Loeffler J M, Djurkovic S, Fischetti V A. Phage lytic enzyme Cpl-1 as a novel antimicrobial
for pneumococcal bacteremia [J]. Infect Immun, 2003, 71(11): 6199-6204.

[216] Wang Z J, Liu X, Shi Z X, et al. A novel lysin Ply1228 provides efficient protection against
Streptococcus suis type 2 infection in a murine bacteremia model [J]. Veterinary
microbiology, 2022, 268.

[217] Gottschalk M, Xu J G, Calzas C, et al. Streptococcus suis: a new emerging or an old
neglected zoonotic pathogen? [J]. Future microbiology, 2010, 5(3): 371-391.

[218] Cerca N, Jefferson K K, Oliveira R, et al. Comparative antibody-mediated phagocytosis of
Staphylococcus epidermidis cells grown in a biofilm or in the planktonic state [J]. Infect
Immun, 2006, 74(8): 4849-4855.

[219] Wang Z F, Ma J J, Wang J, et al. Application of the Phage Lysin Ply5218 in the Treatment of
Streptococcus suis Infection in Piglets [J]. Viruses-Basel, 2019, 11(8).

[220] Smith J C S, Moroni P, Santisteban C G, et al. Distribution of Lactococcus spp. in New

York State dairy farms and the association of somatic cell count resolution and

127



THhRFEEL 28

bacteriological cure in clinical mastitis samples [J]. Journal of dairy science, 2020, 103(2):
1785-1794.
[221] Waller A S, Jolley K A. Getting a grip on strangles: Recent progress towards improved

diagnostics and vaccines [J]. Vet J, 2007, 173(3): 492-501.

128



G

M R

Bif% S1 WRB&-18 E TR 4T
Attached list S1 Phage-host prediction analysis

#Contig_id

Predicted
_host

DCl1|contig_13921
DCl1|contig_14856
DC1|contig_15551
DCl1|contig_18782
DCl1|contig_22503
DCl|contig_27447

DCl1|contig_31535

DCl1|contig_32789
DCl1|contig_33026
DCl1|contig_33621
DCl1|contig_35348
DCl1|contig_35639
DC1|contig_3659

DCl1|contig_3854

DC1|contig_39009
DCl1|contig_39439
DCl1|contig_40918
DCl1|contig_42402
DCl|contig_4427

DCl|contig_44778

DCl1|contig_48217
DCl1|contig_49771
DCl1|contig_52112
DCl1|contig_57595
DCl1|contig_58169
DCl1|contig_60098
DCl1|contig_60173

DCl|contig_63993

DCl1|contig_64122

Prosthecochloris|Prosthecochloris_sp._ZM_2

EscherichialEscherichia_coli

Prevotella|Prevotella_sp._P5-126

Proteus|Proteus_mirabilis
Nesterenkonia|Nesterenkonia_sp._M8;EscherichialEscherichia_coli
Streptococcus|Streptococcus_suis;Streptococcus|Streptococcus_pseudopneumoniae
Klebsiella|Klebsiella_oxytoca;Klebsiella|Klebsiella_pneumoniae;Citrobacter|
Citrobacter_rodentium;Enterobacter|Enterobacter_roggenkampii;Neisseria|
Neisseria_lactamica;Klebsiella|Klebsiella_variicola;Neisseria|Neisseria_meningitid
is

EscherichialEscherichia_coli

Fusobacterium|Fusobacterium_naviforme

EscherichialEscherichia_coli

Enterococcus|Enterococcus_faecalis

Filomicrobium|Filomicrobium_insigne
Enterobacter|Enterobacter_hormaechei;EscherichialEscherichia_coli
Gemmiger|Gemmiger_sp._An50

Klebsiella|Klebsiella_pneumoniae

Streptococcus|Streptococcus_oralis

Xylanimonas|Xylanimonas_cellulosilytica

Prevotella|Prevotella_sp._P5-125

SaprospiralSaprospira_grandis
Klebsiella|Klebsiella_pneumoniae;Nesterenkonia|Nesterenkonia_sp._M8;Enteroba
cter|

Enterobacter_hormaechei;EscherichialEscherichia_coli
EscherichialEscherichia_albertii

Butyricimonas|Butyricimonas_synergistica

Vibrio|Vibrio_parahaemolyticus

Chlorobaculum|Chlorobaculum_tepidum

SalmonellajSalmonella_enterica
Proteus|Proteus_mirabilis;Proteus|Proteus_hauseri;Yersinia|Yersinia_kristensenii
unclassified|Clostridiales_bacterium_SYSU_GA17129
EscherichialEscherichia_albertii;Klebsiella|Klebsiella_pneumoniae;Citrobacter|
Citrobacter_koseri

SalmonellajSalmonella_enterica
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DCl1|contig_64332
DCl1|contig_66554
DCl1|contig_67170
DC2|contig_10890
DC2|contig_11615
DC2|contig_11623
DC2|contig_16849
DC2|contig_37348
DC2|contig_42965
DC3|contig_1332

DC3|contig_13342
DC3|contig_14640
DC3|contig_2001

DC3|contig_46503
DC3|contig_47184
DC3|contig_47322
DC3|contig_48865
DC3|contig_49416
DC3|contig_56166
DC3|contig_57091
DC3|contig_73844

DC4|contig_10296

DC4|contig_12500
DC4|contig_14145
DC4|contig_14847
DC4|contig_21454
DC4|contig_2168

DC4|contig_22871
DC4|contig_23299
DC4|contig_23696
DC4|contig_25257
DC4|contig_26298
DC4|contig_28482
DC4|contig_29647
DC4|contig_30935
DC4|contig_33203
DC4|contig_36695

DC4|contig_41278

DC4|contig_42595
DC4|contig_47293
DC4|contig_49719

Nesterenkonia|Nesterenkonia_sp._M8

EscherichialEscherichia_coli

Prevotella|Prevotella_copri

Prevotella|Prevotella_scopos

Prevotella|Prevotella_intermedia

Prevotella|Prevotella_sp._P2-180
Gordonibacter|Gordonibacter_pamelaeae
Anaerostipes|Anaerostipes_sp._992a
Actinomyces|Actinomyces_sp._ICM39

Prevotella|Prevotella_copri

Prevotella|Prevotella_sp._P4-51

Clostridium|Clostridium_oryzae

RoseburialRoseburia_inulinivorans
Lactobacillus|Lactobacillus_delbrueckii
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Lactobacillus|Lactobacillus_johnsonii
Faecalibacterium|Faecalibacterium_prausnitzii
Lactobacillus|Lactobacillus_johnsonii;Lactobacillus|Lactobacillus_gasseri
Clostridium|Clostridium_disporicum
Faecalibacterium|Faecalibacterium_sp._AF28-13AC
Lactobacillus|Lactobacillus_reuteri
Faecalibacterium|Faecalibacterium_prausnitzii;Faecalibacterium|
Faecalibacterium_sp._ AF28-13AC

Prevotella|Prevotella_sp._P5-125
unclassified|Erysipelotrichaceae_bacterium_GAM147
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Lactobacillus|Lactobacillus_reuteri
Hydrocoleum|Hydrocoleum_sp._CS-953
Faecalibacterium|Faecalibacterium_prausnitzii
Faecalibacterium|Faecalibacterium_prausnitzii
Faecalibacterium|Faecalibacterium_sp._ AF28-13AC
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni
Campylobacter|Campylobacter_coli
Lactobacillus|Lactobacillus_reuteri
Holdemanella|Holdemanella_biformis
Faecalibacterium|Faecalibacterium_sp. AF28-13AC
Faecalibacterium|Faecalibacterium_prausnitzii
Faecalibacterium|Faecalibacterium_sp. AF28-13AC;Faecalibacterium|
Faecalibacterium_prausnitzii
Faecalibacterium|Faecalibacterium_prausnitzii
Campylobacter|Campylobacter_jejuni
Lactobacillus|Lactobacillus_reuteri
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DC4|contig_56055
DC4|contig_58306
DC4|contig_688
DC4|contig_720
DC4|contig_8241
DF1|contig_10640
DF1|contig_10986
DF1|contig_17076
DF1|contig_1709
DF1|contig_196
DF1|contig_22208
DF1|contig_22805
DF1|contig_22849
DF1|contig_28257
DF1|contig_2883
DF1|contig_30029
DF1|contig_36182

DF1|contig_40290

DF1|contig_44444
DF1|contig_46316
DF1|contig_48744
DF1|contig 51415
DF1|contig 52239
DF1|contig 54136
DF1|contig 56723
DF1|contig_60454
DF1|contig_6084
DF1|contig_63339
DF1|contig 66831
DF1|contig_7001
DF1|contig_70514
DF1|contig_71080
DF1|contig_75022
DF1|contig 966
DF2|contig_11980
DF2|contig_15358
DF2|contig_15420
DF2|contig_15612
DF2|contig_16525
DF2|contig 21633
DF2|contig 22141
DF2|contig_22837

Lactobacillus|Lactobacillus_reuteri
unclassified|Firmicutes_bacterium_AM41-11
Campylobacter|Campylobacter_jejuni
Campylobacter|Campylobacter_fetus
Faecalibacterium|Faecalibacterium_prausnitzii

Prevotella|Prevotella_copri

Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Staphylococcus|Staphylococcus_intermedius
Lactobacillus|Lactobacillus_delbrueckii
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Lactobacillus|Lactobacillus_delbrueckii
Ruminococcus|Ruminococcus_sp._AF25-19
Staphylococcus|Staphylococcus_felis
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli;
Campylobacter|Campylobacter_sp._P0138
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Gordonibacter|Gordonibacter_pamelaeae
ErysipelatoClostridium|[Clostridium]_innocuum
Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Streptococcus|Streptococcus_anginosus;Streptococcus|Streptococcus_intermedius
Staphylococcus|Staphylococcus_gallinarum
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Ruminococcus|Ruminococcus_bicirculans

Bacteroides|Bacteroides_sp. HMSC068A09
Psychrobacter|Psychrobacter_sp. SHUES1
Campylobacter|Campylobacter_fetus
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_sp. 112
Butyricicoccus|Butyricicoccus_porcorum
Aerococcus|Aerococcus_urinaeequi

Aerococcus|Aerococcus_urinaeequi
Dolosigranulum|Dolosigranulum_pigrum
Staphylococcus|Staphylococcus_xylosus
Staphylococcus|Staphylococcus_equorum
Aerococcus|Aerococcus_urinaeequi
JeotgalibacalJeotgalibaca_dankookensis
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DF2|contig_24527
DF2|contig_25559
DF2|contig_25638
DF2|contig_37738
DF2|contig_38992
DF2|contig_40656
DF2|contig_43362
DF2|contig_43527
DF2|contig_43792
DF2|contig_51

DF2|contig_5204

DF2|contig_54525
DF2|contig_57325
DF2|contig_60080
DF2|contig_66762
DF2|contig_67338
DF2|contig_67467
DF2|contig_67886

DF2|contig_69431

DF2|contig_69670
DF3|contig_10438

DF3|contig_17473

DF3|contig_19755
DF3|contig_21859
DF3|contig_26316
DF3|contig_26982
DF3|contig_27452
DF3|contig_2768

DF3|contig_3996

DF3|contig_50352
DF3|contig_51958
DF3|contig_ 57635
DF3|contig_58638
DF3|contig_59243

DF3|contig_72230
DF3|contig_77933

DF3|contig_78942
DF3|contig_79394

Campylobacter|Campylobacter_sp._107
Anaeromassilibacillus|Anaeromassilibacillus_senegalensis
Staphylococcus|Staphylococcus_warneri
Ruminococcus|Ruminococcus_sp._AF17-22AC
Faecalibacterium|Faecalibacterium_prausnitzii
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Clostridium|Clostridium_algidicarnis
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Psychrobacter|Psychrobacter_sp._P11G5
Staphylococcus|Staphylococcus_warneri;Staphylococcus|Staphylococcus_epidermi
dis

unclassified|[Eubacterium]_rectale
Staphylococcus|Staphylococcus_carnosus;Staphylococcus|Staphylococcus_felis
HungateiClostridium|HungateiClostridium_sp._N2K1
Aerococcus|Aerococcus_urinaeequi

Staphylococcus|Staphylococcus_carnosus
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Geobacillus|Geobacillus_thermoleovorans;Geobacillus|Geobacillus_sp._C56-T3;
Geobacillus|Geobacillus_sp._FW23;Geobacillus|Geobacillus_kaustophilus
Legionella]Legionella_pneumophila
Faecalibacterium|Faecalibacterium_prausnitzii
Streptococcus|Streptococcus_massiliensis;Streptococcus|Streptococcus_sp.. HMS
CO66E07

Klebsiella|Klebsiella_pneumoniae;Salmonella|Salmonella_enterica
unclassified|Burkholderiales_bacterium_1 1 47
Megamonas|Megamonas_funiformis

SalmonellajSalmonella_enterica

Butyricicoccus|Butyricicoccus_porcorum

Prevotella|Prevotella_sp._ P5-126

Streptococcus|Streptococcus_anginosus

Aerococcus|Aerococcus_urinaeequi

JeotgalibacalJeotgalibaca_dankookensis
unclassified|Burkholderiales_bacterium

Clostridium|Clostridium_perfringens
unclassified|Clostridiales_bacterium_AF36-10
Nitrosospira|Nitrosospira_multiformis;Nitrosospira|Nitrosospira_sp. Nsp6;Nitroso
spira|

Nitrosospira_sp._Nsp5

Psychrobacter|Psychrobacter_glacincola
unclassified|Comamonadaceae_bacterium_NML03-0146
Faecalibacterium|Faecalibacterium_prausnitzii
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DF3|contig_80017
DF3|contig_83236
DF4|contig_13881
DF4|contig_18106
DF4|contig_2658

DF4|contig_30855
DF4|contig_31081
DF4|contig_33942
DF4|contig_37019
DF4|contig_54716
DF4|contig_54792
DF4|contig_57111
DF4|contig_65533
Dlljcontig_1124

Dlljcontig_1721

Dll|contig_2765

DI1|contig_2979

Dlljcontig_3131
Dll|contig_3258
Dll|contig_3434
Dll|contig_4127
Dll|contig_4597
Dll|contig_4639
Dll|contig_4739
Dll|contig_4991
Dll|contig_5148

DI1|contig_519
Dll|contig_5268
Dll|contig_5303

Dl1|contig_5504

Dl1|contig_5576
Dl1jcontig_6022

Dl1|contig_6123

Dll|contig_6227
Dll|contig_6672
Dll|contig_6674

Prevotella|Prevotella_sp._P5-126

Helicobacter|Helicobacter_pullorum
Lawsonibacter|Lawsonibacter_asaccharolyticus
Chlorobium|Chlorobium_sp._N1

Prevotella|Prevotella_copri

Coprococcus|Coprococcus_catus
Streptococcus|Streptococcus_anginosus;Enterococcus|Enterococcus_timonensis
Porphyromonas|Porphyromonas_gingivalis

Prevotella|Prevotella_sp._P5-126
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Prevotella|Prevotella_copri

Ruminococcus|Ruminococcus_bromii
Ruminococcus|Ruminococcus_sp._AM?28-13
Klebsiella|Klebsiella_pneumoniae

Lactobacillus|Lactobacillus_delbrueckii

Klebsiella|Klebsiella_quasivariicola
Cronobacter|Cronobacter_sakazakii;Cronobacter|Cronobacter_dublinensis;
SalmonellajSalmonella_enterica

Pseudomonas|Pseudomonas_stutzeri
Klebsiella|Klebsiella_variicola;Klebsiella|Klebsiella_pneumoniae
SalmonellajSalmonella_enterica
Klebsiella|Klebsiella_variicola;Klebsiella|Klebsiella_michiganensis
Lactobacillus|Lactobacillus_reuteri;Lactobacillus|Lactobacillus_salivarius
EscherichialEscherichia_coli

Klebsiella|Klebsiella_pneumoniae

Klebsiella|Klebsiella_quasipneumoniae

Streptococcus|Streptococcus_suis
Leclercia|Leclercia_adecarboxylata;EscherichialEscherichia_albertii;Escherichia]
Escherichia_coli;Massilia|Massilia_namucuonensis
Klebsiella|Klebsiella_variicola

Klebsiella|Klebsiella_pneumoniae
Klebsiella|Klebsiella_pneumoniae;Klebsiella|Klebsiella_variicola;Klebsiella
Klebsiella_oxytoca;Pectobacterium|Pectobacterium_aquaticum;Dickeya|Dickeya_z
eae

Raoultella|Raoultella_sp. T31

Klebsiella|Klebsiella_pneumoniae
SalmonellajSalmonella_enterica;Cronobacter|Cronobacter_dublinensis;Serratia|
Serratia_marcescens;Hafnia|Hafnia_alvei;Acinetobacter|

Acinetobacter_sp._ WCHACc060033;Pluralibacter|Pluralibacter_gergoviae;Yersinia|
Yersinia_frederiksenii;Cronobacter|Cronobacter_sakazakii
Klebsiella|Klebsiella_pneumoniae

Dickeya|Dickeya_sp. Secpp_1600

Edwardsiella|Edwardsiella_tarda
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Dll|contig_6845
Dlljcontig_6953

Dll|contig_7014
Dll|contig_763

Dl1|contig_7750
Dll|contig_7794

Dlljcontig_79

Dll|contig_8190
Dll|contig_8314

Dl1|contig_8324

Dl1|contig_8330
Dll|contig_8484
Dll|contig_8625
Dll|contig_8626
Dl1|contig_8705
Dl1|contig_889
Dl1|contig_908
Dll|contig_9428
Dll|contig_9431
DI2|contig_14690
DI2|contig_16540
DI2|contig_1700
DI2|contig_17921
DI2|contig_18456
DI2|contig_18859
DI2|contig_19553
DI2|contig_2028
DI2|contig_21016

DI2|contig_21801

DI2|contig_26852

DI2|contig_2839

DI2|contig_28644
DI2|contig_29046
DI2|contig_29151

DI2|contig_29712

Klebsiella|Klebsiella_oxytoca
Klebsiella|Klebsiella_pneumoniae;Pluralibacter|Pluralibacter_gergoviae;Klebsiella|
Klebsiella_variicola
EscherichialEscherichia_coli;Nesterenkonia|Nesterenkonia_sp._M8
Klebsiella|Klebsiella_pneumoniae

Klebsiella|Klebsiella_variicola

Lactobacillus|Lactobacillus_reuteri
Klebsiella|Klebsiella_pneumoniae;EscherichialEscherichia_coli;Klebsiella]
Klebsiella_quasipneumoniae;Klebsiella|Klebsiella_variicola
Klebsiella|Klebsiella_oxytoca

Klebsiella|Klebsiella_pneumoniae
Klebsiella|Klebsiella_pneumoniae;Klebsiella|Klebsiella_variicola;Escherichial
Escherichia_coli

SalmonellajSalmonella_enterica

Helicobacter|Helicobacter_sp._10-6591
Klebsiella|Klebsiella_michiganensis;Klebsiella|Klebsiella_variicola
Klebsiella|Klebsiella_pneumoniae;Salmonella|Salmonella_enterica
Streptococcus|Streptococcus_suis

Citrobacter|Citrobacter_rodentium

Klebsiella|Klebsiella_pneumoniae

Helicobacter|Helicobacter_sp._10-6591

Citrobacter|Citrobacter_koseri

Clostridium|Clostridium_vincentii
Streptococcus|Streptococcus_macedonicus;Streptococcus|Streptococcus_oralis
Ruminococcus|Ruminococcus_bicirculans
SaliniVibrio[SaliniVibrio_proteolyticus
Lactobacillus|Lactobacillus_delbrueckii;Lactobacillus|Lactobacillus_equicursoris
Prevotella|Prevotella_copri

Streptococcus|Streptococcus_gallolyticus
Streptococcus|Streptococcus_hyointestinalis
Lactobacillus|Lactobacillus_delbrueckii

Coprobacillus|Coprobacillus_sp._  AF34-1BH;Ruminococcus|
Ruminococcus_sp._ OM06-36AC;unclassified|[Eubacterium]_rectale
Odoribacter|Odoribacter_splanchnicus;Bacteroides|Bacteroides_sp. HMSC068A0
9
Streptococcus|Streptococcus_suis;Streptococcus|Streptococcus_sp. FDAARGOS
256;
Streptococcus|Streptococcus_cristatus;Streptococcus|Streptococcus_oralis
Streptococcus|Streptococcus_infantarius

unclassified|[Eubacterium]_rectale

Lactobacillus|Lactobacillus_johnsonii
Bifidobacterium|Bifidobacterium_thermophilum;Bifidobacterium|
Bifidobacterium_thermacidophilum
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DI2|contig_30093
DI2|contig_30501
DI2|contig_31626
DI2|contig_32032

DI2|contig_32434

DI2|contig_32644
DI2|contig_332

DI2|contig_34298

DI2|contig_34323
DI2|contig_34830
DI2|contig_35932
DI2|contig_3724
DI2|contig_3746

DI2|contig_38551

DI2|contig_38771
DI2|contig_43503
DI2|contig_44141
DI2|contig_44835
DI2|contig_45701
DI2|contig_45851
DI2|contig_47037
DI2|contig_47492
DI2|contig_49378
DI2|contig_50158

DI2|contig_50754

DI2|contig_53345
DI2|contig_53623
DI2|contig_75
DI2|contig_7757
DI2|contig_8072
DI2|contig_8746
DI2|contig_8796
DI3|contig_10975

DI3|contig_11678

Helicobacter|Helicobacter_sp._ TUL

Prevotella|Prevotella_intermedia

Prevotella|Prevotella_copri

Lactobacillus|Lactobacillus_johnsonii
Lactobacillus|Lactobacillus_brevis;Streptococcus|Streptococcus_gallolyticus;
Enterococcus|Enterococcus_cecorum;Clostridium|Clostridium_sp._AF32-12BH
Campylobacter|Campylobacter_lanienae

Streptococcus|Streptococcus_suis
Xanthomonas|Xanthomonas_cucurbitae;Xanthomonas|Xanthomonas_dyei;Xantho
monas|

Xanthomonas_melonis

Treponema|Treponema_pedis

Lactobacillus|Lactobacillus_delbrueckii
Streptococcus|Streptococcus_gallolyticus;Streptococcus|Streptococcus_lutetiensis
Lactobacillus|Lactobacillus_delbrueckii
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli
Streptococcus|Streptococcus_anginosus;Streptococcus|Streptococcus_sp._ HMSC3
6C04;

Streptococcus|Streptococcus_sp._ HMSCO057E02
Achromobacter|Achromobacter_denitrificans

Helicobacter|Helicobacter_pullorum

Streptococcus|Streptococcus_suis

Lactobacillus|Lactobacillus_reuteri

Bacillus|Bacillus_cereus

Lactobacillus|Lactobacillus_johnsonii

Lactobacillus|Lactobacillus_reuteri

Faecalibacterium|Faecalibacterium_prausnitzii

EscherichialEscherichia_coli

Lactobacillus|Lactobacillus_mucosae
Klebsiella|Klebsiella_pneumoniae;Klebsiella|Klebsiella_quasivariicola;Raoultella]
Raoultella_ornithinolytica

Faecalibacterium|Faecalibacterium_prausnitzii

SalmonellajSalmonella_enterica

SalmonellajSalmonella_enterica

Lactobacillus|Lactobacillus_reuteri

Lactobacillus|Lactobacillus_johnsonii

Lactobacillus|Lactobacillus_reuteri

Bibersteinia|Bibersteinia_trehalosi
Lactobacillus|Lactobacillus_reuteri;Lactobacillus|Lactobacillus_oris
Streptococcus|Streptococcus_lutetiensis;Streptococcus|Streptococcus_pasteurianus

Streptococcus|Streptococcus_gallolyticus
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DI3|contig_1238

DI3|contig_1363
DI3|contig_14477
DI3|contig_17615
DI3|contig_1792
DI3|contig_1850
DI3|contig_19186
DI3|contig_20740
DI3|contig_21099
DI3|contig_22317
DI3|contig_23553
DI3|contig_24513
DI3|contig_24652
DI3|contig_2475

DI3|contig_25246

DI3|contig_25349
DI3|contig_2714

DI3|contig_27486
DI3|contig_28757
DI3|contig_29446

DI3|contig_30700

DI3|contig_30740
DI3|contig_31124
DI3|contig_3155
DI3|contig_31708
DI3|contig_32364
DI3|contig_5016
DI3|contig_6446
DI3|contig_6658

DI3|contig_8387

DI3|contig_8700
DI3|contig_9330
DI3|contig_9335
DI3|contig_9912
Dl4|contig_10018
Dl4|contig_12504

Flavonifractor|Flavonifractor_plautii;Clostridium|Clostridium_sp._ ATCC_BAA-44
2;

unclassified|Clostridiales_bacterium_VE202-03

Lactobacillus|Lactobacillus_reuteri

Lactobacillus|Lactobacillus_delbrueckii

Prevotella|Prevotella_sp._P5-126

Lactobacillus|Lactobacillus_fermentum

Lactobacillus|Lactobacillus_gasseri

Lactobacillus|Lactobacillus_johnsonii

Streptococcus|Streptococcus_lutetiensis
Lactobacillus|Lactobacillus_parafarraginis;Lactobacillus|Lactobacillus_reuteri
Lactobacillus|Lactobacillus_johnsonii

Prosthecochloris|Prosthecochloris_sp._ZM_2
Streptococcus|Streptococcus_suis;Streptococcus|Streptococcus_macedonicus
Lactobacillus|Lactobacillus_reuteri;Lactobacillus|Lactobacillus_salivarius
Lactobacillus|Lactobacillus_reuteri;Streptococcus|Streptococcus_iniae
Olsenella|Olsenella_sp._AF16-14LB;OlsenellalOlsenella_sp._ AF15-43LB;Olsenella
|Olsenella_sp._ AM30-3LB

Lactobacillus|Lactobacillus_johnsonii

Lactobacillus|Lactobacillus_johnsonii

Lactobacillus|Lactobacillus_salivarius

Legionella]Legionella_pneumophila
Lactobacillus|Lactobacillus_johnsonii;Lactobacillus|Lactobacillus_sp._ UMNPBX19
Faecalibacterium|Faecalibacterium_prausnitzii;Faecalibacterium|
Faecalibacterium_sp._ OMO04-11BH

Helicobacter|Helicobacter_equorum

Lactobacillus|Lactobacillus_reuteri
Lactobacillus|Lactobacillus_fermentum;Lactobacillus|Lactobacillus_reuteri
Lactobacillus|Lactobacillus_reuteri

Streptococcus|Streptococcus_equinus

Prevotella|Prevotella_copri
Lactobacillus|Lactobacillus_taiwanensis;Lactobacillus|Lactobacillus_johnsonii
Staphylococcus|Staphylococcus_pseudintermedius
Streptococcus|Streptococcus_anginosus;Streptococcus|Streptococcus_sp. HMSC36
Co04;
Streptococcus|Streptococcus_thermophilus;Streptococcus|Streptococcus_sp. HMSC
057E02

Streptococcus|Streptococcus_suis

Lactobacillus|Lactobacillus_mucosae

Campylobacter|Campylobacter_jejuni

Lactobacillus|Lactobacillus_delbrueckii

CaballeronialCaballeronia_humi
Streptococcus|Streptococcus_agalactiae;Staphylococcus|Staphylococcus_sciuri
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Dl4|contig_17260

Dl4|contig_19028
Dl4|contig_20848
Dl4|contig_23667
Dl4|contig_24661
Dl4|contig_251
Dl4|contig_3733
Dl4|contig_3784
Dl4|contig_4672

Dl4|contig_6704

HC1|contig_32663
HC1|contig_41758
HC1|contig_46447
HC1|contig_48096
HC1|contig_49206
HC1|contig_56554
HC1|contig_58352
HC1|contig_65366

HC1|contig_66982

HC2|contig_18489
HC2|contig_24405
HC2|contig_2574

HC2|contig_35635
HC2|contig_36708
HC2|contig_37096
HC2|contig_37295
HC2|contig_47591
HC2|contig_60908

HC2|contig_65922

HC2|contig_69380

HC2|contig_72237
HC2|contig_72564
HC2|contig_76941

Clostridium|Clostridium_sp._ ATCC_BAA-442;Flavonifractor|Flavonifractor_plauti
i

Helicobacter|Helicobacter_equorum

Faecalibacterium|Faecalibacterium_prausnitzii
Streptococcus|Streptococcus_agalactiae;Streptococcus|Streptococcus_equinus
Helicobacter|Helicobacter_sp._10-6591

Helicobacter|Helicobacter_equorum

Legionella]Legionella_pneumophila

Pasteurella|Pasteurella_multocida

SalmonellajSalmonella_enterica
Campylobacter|Campylobacter_lanienae;Campylobacter|Campylobacter_sp._P162;
Campylobacter|Campylobacter_sp._ NCTC_13003;Campylobacter|
Campylobacter_sp._RM8970;Campylobacter|Campylobacter_sp._P0227;
Campylobacter|Campylobacter_sp._P157;Campylobacter|
Campylobacter_sp._P0138;Campylobacter|Campylobacter_sp._P0140;Campylobact
efr|

Campylobacter_sp._P0124;Campylobacter|Campylobacter_sp._P0103
Odoribacter|Odoribacter_sp._ OF09-27XD

Prevotella|Prevotella_copri

Pectobacterium|Pectobacterium_carotovorum
HungatellaHungatella_hathewayi;Olsenella|Olsenella_sp._ KH3B4
Arcobacter|Arcobacter_canalis
Phascolarctobacterium|Phascolarctobacterium_succinatutens
Xanthomonas|Xanthomonas_campestris

Lactobacillus|Lactobacillus_delbrueckii
Faecalibacterium|Faecalibacterium_prausnitzii;Lawsonibacter|
Lawsonibacter_asaccharolyticus;Faecalibacterium|Faecalibacterium_sp._An192
Prevotella|Prevotella_copri
Helicobacter|Helicobacter_equorum;Helicobacter|Helicobacter_sp. 10-6591
Streptococcus|Streptococcus_equinus
Faecalibacterium|Faecalibacterium_prausnitzii

Prevotella|Prevotella_copri

Faecalibacterium|Faecalibacterium_prausnitzii
Faecalibacterium|Faecalibacterium_prausnitzii
Butyricicoccus|Butyricicoccus_sp. AM27-36
Streptococcus|Streptococcus_hyointestinalis
Faecalibacterium|Faecalibacterium_prausnitzii; Xylanimonas|Xylanimonas_cellulosi
lytica

Blautia|Blautia_sp._ AM16-16B;Blautia|Blautia_sp._ AM46-3MH;Blautia|
Blautia_sp._ AM22-221 B;Blautia|Blautia_sp._ AM46-5
RoseburialRoseburia_sp._ AM59-24XD;Clostridium|Clostridium_sp._OMO07-10AC
Prevotella|Prevotella_copri

Butyricicoccus|Butyricicoccus_sp. AM27-36
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HC3|contig_11257
HC3|contig_23434
HC3|contig_26625
HC3|contig_29768
HC3|contig_45168
HC3|contig_4855
HC3|contig_49227
HC3|contig_5958
HC3|contig_7463
HC4|contig_101545
HC4|contig_108834
HC4|contig_14102
HC4|contig_1950
HC4|contig_20614
HC4|contig_24751
HC4|contig_29259
HC4|contig_4329
HC4|contig_55452
HC4|contig_5612
HC4|contig_65712
HC4|contig_6691
HC4|contig_67240
HC4|contig_74451
HC4|contig_80050
HC4|contig_80461
HF1|contig 1722
HF1|contig 9754
HF2|contig_10107
HF2|contig_19173
HF2|contig_31123

HF2|contig_31320

HF3|contig_1200

Streptococcus|Streptococcus_macedonicus
Budvicia|Budvicia_aquatica
unclassified|Clostridia_bacterium_UCS5.1-2F7;Phocea|Phocea_massiliensis
Prevotella|Prevotella_pallens
Prevotella|Prevotella_bryantii
Clostridium|Clostridium_sp._C8
Faecalibacterium|Faecalibacterium_prausnitzii
Porphyromonas|Porphyromonas_gulae
Prevotella|Prevotella_stercorea
Prevotella|Prevotella_sp._P4-65
unclassified|Ruminococcaceae_bacterium_TF06-43
Thermincola]Thermincola_potens
HungateiClostridium|HungateiClostridium_saccincola
Prevotella|Prevotella_sp._ TF12-30;Prevotella|Prevotella_copri
Millionella|Millionella_massiliensis
Enterobacter|Enterobacter_kobei
Faecalibacterium|Faecalibacterium_prausnitzii
Clostridium|Clostridium_sporogenes
Xanthomonas|Xanthomonas_oryzae
Clostridium|Clostridium_sp._AF32-12BH
Sharpea|Sharpea_azabuensis
Oblitimonas|Oblitimonas_alkaliphila
EmergencialEmergencia_timonensis
Coprobacillus|Coprobacillus_sp. AF17-11AC
Faecalibacterium|Faecalibacterium_prausnitzii
Clostridium|Clostridium_bornimense
unclassified|Clostridiales_bacterium_VE202-01
Faecalibacterium|Faecalibacterium_prausnitzii
Streptococcus|Streptococcus_thermophilus
Streptococcus|Streptococcus_pyogenes

Lactobacillus|Lactobacillus_paracasei;Lactobacillus|Lactobacillus_curvatus;Lactoba
cillus|
Lactobacillus_sp._143-6;Lactobacillus|Lactobacillus_rhamnosus;Lactobacillus|
Lactobacillus_delbrueckii;Lactobacillus|Lactobacillus_parafarraginis;Lactobacillus|
Lactobacillus_sp. 257-1;Lactobacillus|Lactobacillus_coryniformis;Lactobacillus|
Lactobacillus_sp._187-3;Lactobacillus|Lactobacillus_concavus;Pediococcus|
Pediococcus_inopinatus;Lactobacillus|Lactobacillus_pentosus;Lactobacillus|
Lactobacillus_fermentum;Lactobacillus|Lactobacillus_sakei;Lactobacillus|
Lactobacillus_sp. 247-4;Lactobacillus|Lactobacillus_fuchuensis;Lactobacillus|
Lactobacillus_sp._47-3;Lactobacillus|Lactobacillus_bifermentans
Geobacillus|Geobacillus_stearothermophilus
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HF3|contig_1304
HF3|contig_21521

HF3|contig_22561
HF3|contig_30052
HF3|contig_32931
HF3|contig_34858
HF3|contig_36470
HF3|contig_5596
HF3|contig_6602
HF4|contig_12104
HF4|contig_19953
HF4|contig_32494
HF4|contig_4348
Hll|contig_16537
Hil|contig_17096
Hil|contig_20354
Hil|contig_23689
Hll|contig_26506
Hil|contig_269
Hil|contig_31829
Hi1|contig_33606

Hil|contig_33795

Hll|contig_40777
Hil|contig_43069
Hil|contig_53936
Hil|contig_5588

Hil|contig_56358
Hll|contig_57586
Hll|contig_61753
Hll|contig_62768
Hil|contig_64646
Hil|contig_6507

HI1|contig_7010

Hll|contig_72556
Hil|contig_76091
Hil|contig_82142
Hil|contig_84711
HI2|contig_13642
HI2|contig_24199

Legionella]Legionella_pneumophila
Geobacillus|Geobacillus_thermoleovorans;Geobacillus|Geobacillus_kaustophilus;
Geobacillus|Geobacillus_sp._FW23

Megamonas|Megamonas_funiformis

Marinomonas|Marinomonas_sp._DSL-35
Subdoligranulum|Subdoligranulum_sp._ APC924/74

Bacillus|Bacillus_cereus

unclassified|Opitutaceae_bacterium_TSB47
unclassified|Clostridiales_bacterium_VE202-01
Chlorobium|Chlorobium_ferrooxidans
Carnobacterium|Carnobacterium_viridans
Streptococcus|Streptococcus_agalactiae
Lactobacillus|Lactobacillus_taiwanensis;Lactobacillus|Lactobacillus_johnsonii
Acinetobacter|Acinetobacter_sp._ SWACS5

Clostridium|Clostridium_sp._C8
ParaClostridium|ParaClostridium_bifermentans
Butyricicoccus|Butyricicoccus_sp._ AM27-36

Clostridium|Clostridium_tepidum

Clostridium|Clostridium_perfringens
unclassified|Burkholderiales_bacterium_YL45;Turicimonas|Turicimonas_muris
Streptococcus|Streptococcus_macedonicus
Lactobacillus|Lactobacillus_salivarius
Streptococcus|Streptococcus_hyointestinalis;Streptococcus|Streptococcus_macedoni
cus;
Streptococcus|Streptococcus_thermophilus;Streptococcus|Streptococcus_equinus
unclassified|Firmicutes_bacterium_OMO04-13BH

RoseburialRoseburia_hominis

Prevotella|Prevotella_sp._P5-126

Clostridium|Clostridium_perfringens

Clostridium|Clostridium_perfringens
Faecalibacterium|Faecalibacterium_prausnitzii
Romboutsia|Romboutsia_timonensis

Campylobacter|Campylobacter_lanienae

Clostridium|Clostridium_sartagoforme

Helicobacter|Helicobacter_sp. 10-6591
Streptococcus|Streptococcus_macedonicus;Streptococcus|Streptococcus_lutetiensis;
Streptococcus|Streptococcus_equinus

Clostridium|Clostridium_sp._ OM02-18AC
Enterobacter|Enterobacter_roggenkampii;Enterobacter|Enterobacter_cloacae
Clostridium|Clostridium_perfringens
Subdoligranulum|Subdoligranulum_sp. APC924/74
Clostridium|Clostridium_sp. DSM_8431

Bacillus|Bacillus_cereus
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HI2|contig_31258
HI2|contig_4859
HI2|contig_50409
HI2|contig_52038
HI2|contig_55191
HI2|contig_59086
HI2|contig_60482
HI2|contig_63383
HI2|contig_64257
HI2|contig_72866
HI2|contig_85751
HI2|contig_87153
HI2|contig_88633
HI2|contig_93610
HI2|contig_95055
HI3|contig_100368
HI3|contig_100773
HI3|contig_108339
HI3|contig_109494
HI3|contig_113067
HI3|contig_114041
HI3|contig_114886
HI3|contig_117029

HI3|contig_122337

HI3|contig_123096

HI3|contig_123457
HI3|contig_123692
HI3|contig_123827
HI3|contig_124046
HI3|contig_14978
HI3|contig_16573

HI3|contig_20097
HI3|contig_29580
HI3|contig_29887
HI3|contig_3339

HI3|contig_37847
HI3|contig_40253

Faecalibacterium|Faecalibacterium_sp._OMO04-11BH
Bacillus|Bacillus_cereus;Bacillus|Bacillus_anthracis

Prevotella|Prevotella_copri

Fournierella|Fournierella_massiliensis
Butyricicoccus|Butyricicoccus_sp._ AM27-36
unclassified|Burkholderiales_bacterium_YL45;Turicimonas|Turicimonas_muris
Blautia|Blautia_sp._ OM06-15AC

SalmonellajSalmonella_enterica
Bacillus|Bacillus_paralicheniformis;Bacillus|Bacillus_thuringiensis
Syntrophobotulus|Syntrophobotulus_glycolicus
SalmonellajSalmonella_enterica

Haemophilus|Haemophilus_haemolyticus

Clostridium|Clostridium_sporogenes

Prevotella|Prevotella_copri

Faecalibacterium|Faecalibacterium_prausnitzii
ErysipelatoClostridium|[Clostridium]_cocleatum
Streptococcus|Streptococcus_lutetiensis
ErysipelatoClostridium|[Clostridium]_spiroforme
Clostridioides|Clostridioides_difficile

Clostridium|Clostridium_perfringens

Clostridium|Clostridium_sp._AF15-41

Gemmiger|Gemmiger_sp._An87

Clostridium|Clostridium_sp._ AF32-12BH
Streptococcus|Streptococcus_equinus;Streptococcus|Streptococcus_macedonicus;
Streptococcus|Streptococcus_gallolyticus
Klebsiella|Klebsiella_pneumoniae;Salmonella|Salmonella_enterica;Escherichial
Escherichia_coli;Pseudomonas|Pseudomonas_aeruginosa;Pragia|Pragia_fontium
ErysipelatoClostridium|[Clostridium]_spiroforme
Faecalibacterium|Faecalibacterium_prausnitzii
Enterobacter|Enterobacter_sp. EGD-HP1
Bifidobacterium|Bifidobacterium_tissieri
Nitrosospira|Nitrosospira_sp._Nsp5;Nitrosospira|Nitrosospira_multiformis
Coprobacillus|Coprobacillus_sp. AF36-10BH
Streptococcus|Streptococcus_salivarius;Streptococcus|Streptococcus_sp. HMSCO078
HO3;

Streptococcus|Streptococcus_sp. 449 SSPC
Treponema|Treponema_lecithinolyticum
Streptococcus|Streptococcus_agalactiae;Streptococcus|Streptococcus_oralis;Strepto
coccus|

Streptococcus_macedonicus;Acinetobacter|Acinetobacter_junii
Prevotella|Prevotella_copri

Megasphaera|Megasphaera_sp._ An286
Prosthecochloris|Prosthecochloris_sp. ZM
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HI3|contig_41645

HI3|contig_43520

HI3|contig_47074
HI3|contig_47275
HI3|contig_50294
HI3|contig_51460
HI3|contig_52613
HI3|contig_5440

HI3|contig_57557
HI3|contig_59285
HI3|contig_60324
HI3|contig_61025
HI3|contig_61229
HI3|contig_61500
HI3|contig_77345
HI3|contig_77592
HI3|contig_7760

HI3|contig_77940

HI3|contig_77988
HI3|contig_8124
HI3|contig_96075
HI3|contig_9982
Hl4|contig_102995
Hl4|contig_104939
Hl4|contig_107660
Hl4|contig_10979
Hl4|contig_112262
Hl4|contig_113819
Hl4|contig_114474
Hl4|contig_115121
Hl4|contig_115329

Hl4|contig_15143

Hl4|contig_15665
Hl4|contig_16108
Hl4|contig_17220
Hl4|contig_17571
Hl4|contig_19105

Prevotella|Prevotella_sp._P4-51
Campylobacter|Campylobacter_jejuni;Campylobacter|Campylobacter_coli;Campylo
bacter|

Campylobacter_sp._ BCW_6872

Clostridium|Clostridium_perfringens
Campylobacter|Campylobacter_jejuni
unclassified|Bathymodiolus_thermophilus_thioautotrophic_gill_symbiont
Methylobacillus|Methylobacillus_flagellatus
Campylobacter|Campylobacter_coli
Subdoligranulum|Subdoligranulum_sp._APC924/74
Alicyclobacillus|Alicyclobacillus_macrosporangiidus
unclassified|[Eubacterium]_siraeum

EscherichialEscherichia_albertii

Helicobacter|Helicobacter_pullorum

Enterobacter|Enterobacter_kobei

Clostridioides|Clostridioides_difficile
Faecalibacterium|Faecalibacterium_prausnitzii
Holdemanella|Holdemanella_biformis
Eubacterium|[Eubacterium]_eligens
Flavonifractor|Flavonifractor_plautii;Clostridium|Clostridium_sp._ ATCC_BAA-44
2

Campylobacter|Campylobacter_lanienae

SalmonellajSalmonella_enterica

Clostridium|Clostridium_jeddahense

Prevotella|Prevotella_copri
unclassified|Erysipelotrichaceae_bacterium_OH741 COT-311
Blautia|Blautia_sp.  AF22-5LB
unclassified|Erysipelotrichaceae_bacterium_GAM147
Collinsella|Collinsella_intestinalis
Klebsiella|Klebsiella_pneumoniae;EscherichialEscherichia_coli
unclassified|Burkholderiales_bacterium
Pseudoflavonifractor|Pseudoflavonifractor_capillosus
Saccharicrinis|Saccharicrinis_fermentans
Faecalibacterium|Faecalibacterium_prausnitzii
Streptococcus|Streptococcus_oralis;Streptococcus|Streptococcus_equinus;Streptoco
ccus|
Streptococcus_lutetiensis;Streptococcus|Streptococcus_salivarius;Streptococcus|
Streptococcus_sp.. HMSCO66EQ7

RoseburialRoseburia_inulinivorans

Dorea|Dorea_sp. AM13-35

Prevotella|Prevotella_copri

Prevotella|Prevotella_copri

Comamonas|Comamonas_Kkerstersii
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Hl4|contig_19234
Hl4|contig_1930

Hl4|contig_19741
Hl4|contig_26559
Hl4|contig_26664
Hl4|contig_27016
Hl4|contig_28460
Hl4|contig_34239
Hl4|contig_36242
Hl4|contig_39247
Hl4|contig_39392
Hl4|contig_39473
Hl4|contig_43335
Hl4|contig_45752
Hl4|contig_50516
Hl4|contig_51416
Hl4|contig_54504
Hl4|contig_55422
Hl4|contig_57176
Hl4|contig_57988
Hl4|contig_6104

Hl4|contig_61535
Hl4|contig_64974
Hl4|contig_66374
Hl4|contig_66699
Hl4|contig_68337
Hl4|contig_72974
Hl4|contig_73756
Hl4|contig_79005
Hl4|contig_79564
Hl4|contig_82813

Hl4|contig_82818

Hl4|contig_83714
Hl4|contig_87136
Hl4|contig_87235
Hl4|contig_90127

unclassified|Bathymodiolus_thermophilus_thioautotrophic_gill_symbiont
ErysipelatoClostridium|[Clostridium]_cocleatum
unclassified|Ruminococcaceae_bacterium_TF06-43
Bifidobacterium|Bifidobacterium_breve

Helicobacter|Helicobacter_equorum
Faecalibacterium|Faecalibacterium_prausnitzii
Selenomonas|Selenomonas_ruminantium
Streptococcus|Streptococcus_hyointestinalis

Prevotella|Prevotella_copri

Klebsiella|Klebsiella_pneumoniae

Flavonifractor|Flavonifractor_plautii
ErysipelatoClostridium|[Clostridium]_cocleatum
unclassified|Bathymodiolus_thermophilus_thioautotrophic_gill_symbiont
EscherichialEscherichia_coli

Mycoplasma|Mycoplasma_ovipneumoniae
Holdemanella|Holdemanella_biformis
unclassified|Bathymodiolus_thermophilus_thioautotrophic_gill_symbiont
Chloroherpeton|Chloroherpeton_thalassium

Prevotella|Prevotella_copri

Clostridium|Clostridium_sp._1 1 41A1FAA

Olsenella|Olsenella_sp._ HMSC062G07

Megasphaera|Megasphaera_stantonii

Streptococcus|Streptococcus_lutetiensis

Streptococcus|Streptococcus_equinus

Lactobacillus|Lactobacillus_delbrueckii
unclassified|Burkholderiales_bacterium_YL45;Turicimonas|Turicimonas_muris
Streptococcus|Streptococcus_thermophilus

Helicobacter|Helicobacter_sp._ TUL
Streptococcus|Streptococcus_lutetiensis;Streptococcus|Streptococcus_infantarius
Bifidobacterium|Bifidobacterium_asteroides
Faecalibacterium|Faecalibacterium_prausnitzii

Clostridium|Clostridium_sp._ AF32-12BH;Dorea|Dorea_sp._ OMO7-5;Eubacterium|
Eubacterium_ventriosum;Ruminococcus|Ruminococcus_sp._ OM06-36AC;unclassif
ied|

Firmicutes_bacterium_AM43-11BH;Roseburia|Roseburia_inulinivorans
Bifidobacterium|Bifidobacterium_pseudocatenulatum
Prevotella|Prevotella_sp. P5-126

Campylobacter|Campylobacter_jejuni

EscherichialEscherichia_coli

142



ity

x

M 2 ANT(9)-la ZEE 55
Attached list 2 ANT (9) - la gene sequence

gk /v 77

BT

Ttgagtatagatttaagtaacaaaaaaattccgaaagaagcaattc
aagcattaaaaactatagcggaactacttgataatatgttaattggg
gtgtatttgtatggttcggcagtaatgggtggtttacgtatgaatage
gatgtagatattttggtaataacaaatcaaagtttatctgaaaaaact
cgaaggaatcttacaaataggttaatgcttatatctgggaaaatag

gaaacataaaagatatgaggcctcttgaagttacggtcataaatca
aaaggatattgtcccttggcatttcccccccaaatatgaatttatgta
tggcgagtggctaagagagcagtttgaaaagggagaaattectg
agtcgacttatgatccggatttagcaatacttttagcacaactaaga
aaaaatagtattaaccttttgggaccaaaggcaacagaagtaattg
agcctgtgccaatgacagatattcgaaaagcaattaaagaatcgtt
gccegggttgatagetageattaacggtgacgaacgcaatgtgat
tttaactttagccagaatgtggctgacagcatctactggtgaaattc
gctcaaaagatctggcagctgaatgggegatacctcaattaceegy
atgagcatgctactttactcaacaaagcgagagaggcttatttagg
agagtgtgttgacaagtgggaaggaatggaatctgaggtggetg
aactcgttaatcatatgaaaaagtctatagagtcttcccttaatatce
aattaccttttcgaatagtttaa

MSIDLSNKKIPKEAIQALKTIAELLDNMLI
GVYLYGSAVMGGLRMNSDVDILVITNQSL
SEKTRRNLTNRLMLISGKIGNIKDMRPLEV
TVINQKDIVPWHFPPKYEFMYGEWLREQF
EKGEIPESTYDPDLAILLAQLRKNSINLLGP
KATEVIEPVPMTDIRKAIKESLPGLIASING
DERNVILTLARMWLTASTGEIRSKDLAAE
WAIPQLPDEHATLLNKAREAYLGECVDK
WEGMESEVAELVNHMKKSIESSLNIQLPF
RIV
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Wiz S3  AFHEMIEMRE A contigs HARIIIE]IK) ARGs

Attached list S3 ARGs detected in the piglets intestinal phage contigs

Query Best Hit ARO Resistance AMR Gene Family
Mechanism
EFANCA Yojl antibiotic efflux ATP-binding cassette (ABC)
ML_13600 antibiotic efflux pump
EFANCA vanWG antibiotic target glycopeptide resistance gene
ML _47869 alteration cluster; vanwW
EFANCA InuC antibiotic lincosamide nucleotidyltransferase
ML_41141 inactivation (LNU)
EFANCA SAT-4 antibiotic streptothricin acetyltransferase
ML_62693 inactivation (SAT)
EFANCA adeH antibiotic efflux  resistance-nodulation-cell division
ML_39107 (RND) antibiotic efflux pump
EFANCA ANT(6)-1a antibiotic ANT(6)
ML_74619 inactivation
EFANCA tetw antibiotic target  tetracycline-resistant ribosomal
ML_77882 protection protection protein
EFANCA tetw antibiotic target  tetracycline-resistant ribosomal
ML_79812 protection protection protein
EFANCA tetw antibiotic target  tetracycline-resistant ribosomal
ML_36185 protection protection protein
EFANCA catlll antibiotic chloramphenicol acetyltransferase
ML_54443 inactivation (CAT)
EFANCA ACC-1 antibiotic ACC beta-lactamase
ML_43761 inactivation
EFANCA APH(3)-Illa antibiotic APH(3)
ML_60121 inactivation
EFANCA tetO antibiotic target  tetracycline-resistant ribosomal
ML_75792 protection protection protein
EFANCA APH(3)-Illa antibiotic APH(3)
ML_26063 inactivation
EFANCA vanTG antibiotic target glycopeptide resistance gene
ML_27225 alteration cluster; vanT
EFANCA tetO antibiotic target  tetracycline-resistant ribosomal
ML_62509 protection protection protein
EFANCA aadAll antibiotic ANT(3")
ML_69443 inactivation
EFANCA mel antibiotic efflux ATP-binding cassette (ABC)
ML_52058 antibiotic efflux pump
EFANCA bmr antibiotic efflux major facilitator superfamily
ML_50987 (MFS) antibiotic efflux pump
EFANCA InuC antibiotic lincosamide nucleotidyltransferase
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ML_57069
EFANCA
ML_62694
EFANCA
ML_48163
EFANCA
ML_78523
EFANCA
ML_71694
EFANCA
ML_38520
EFANCA
ML_66972
EFANCA
ML_39120
EFANCA
ML_21925
EFANCA
ML_80024
EFANCA
ML_61983
EFANCA
ML_72765
EFANCA
ML_74617
EFANCA
ML_17401
EFANCA
ML_64583
EFANCA
ML_31744
EFANCA
ML_62691
EFANCA
ML_60123
EFANCA
ML_74896
EFANCA
ML_48162
EFANCA
ML _41134
EFANCA
ML_68375

APH(3)-1lla

APH(3)-1lla

ANT(6)-la

vanWG

ANT(6)-la

vanWG

tetO

mphA

tetM

IsaE

tetw

ANT(9)-la

APH(3)-1lla

tetO

ErmB

SAT-4

tet(W/N/W)

InuC

SAT-4

AAC(6)-le-APH(2")-1a

InuC

inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic target
alteration
antibiotic
inactivation
antibiotic target
alteration
antibiotic target
protection
antibiotic
inactivation
antibiotic target
protection
antibiotic efflux

antibiotic target
protection
antibiotic
inactivation
antibiotic
inactivation
antibiotic target
protection
antibiotic target
alteration
antibiotic
inactivation
antibiotic target
protection
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation

(LNU)
APH(3)

APH(3)

ANT(6)

glycopeptide resistance gene
cluster; vanwW
ANT(6)

glycopeptide resistance gene
cluster; vanwW
tetracycline-resistant ribosomal
protection protein
macrolide phosphotransferase
(MPH)
tetracycline-resistant ribosomal
protection protein
ATP-binding cassette (ABC)
antibiotic efflux pump
tetracycline-resistant ribosomal
protection protein
ANT(9)

APH(3)

tetracycline-resistant ribosomal
protection protein
Erm 23S ribosomal RNA
methyltransferase
streptothricin acetyltransferase
(SAT)
tetracycline-resistant ribosomal
protection protein
lincosamide nucleotidyltransferase
(LNU)
streptothricin acetyltransferase
(SAT)
AAC(6"); APH(2")

lincosamide nucleotidyltransferase
(LNU)
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EFANCA
ML_29676
EFANCA
ML_50590
EFANCA
ML_71370
EFANCA
ML_75669
EFANCA
ML_62690
EFANCA
ML_54715
EFANCA
ML_62461
EFANCA
ML_69608
EFANCA
ML_64620
EFANCA
ML_56172
EFANCA
ML_26429
EFANCA
ML_13575
EFANCA
ML_67216
EFANCA
ML_15553
EFANCA
ML_55743
EFANCA
ML_40933
EFANCA
ML_64582
EFANCA
ML_04978
EFANCA
ML_59769

EFANCA

ML_62587
EFANCA

ML_38334

APH(3)-1lla
ErmG
InuC
vanWG
aad(6)
MexB
APH(2")-If
ErmB
tetw
aad(6)
IMP-15
aad(6)
SAT-4
bmr
adeH
ANT(9)-la
tet(40)
APH(3)-1la
Staphylococcus mupA
conferring resistance to
mupirocin
tetA(P)

mphA

antibiotic
inactivation
antibiotic target
alteration
antibiotic
inactivation
antibiotic target
alteration
antibiotic
inactivation
antibiotic efflux

antibiotic
inactivation
antibiotic target
alteration
antibiotic target
protection
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic efflux

antibiotic efflux

antibiotic
inactivation
antibiotic efflux

antibiotic
inactivation
antibiotic target
alteration

antibiotic efflux

antibiotic
inactivation

APH(3)

Erm 23S ribosomal RNA
methyltransferase
lincosamide nucleotidyltransferase

(LNU)

glycopeptide resistance gene

cluster; vanwW
ANT(6)

resistance-nodulation-cell division
(RND) antibiotic efflux pump

APH(2")

Erm 23S ribosomal RNA
methyltransferase
tetracycline-resistant ribosomal
protection protein

ANT(6)

IMP beta-lactamase

ANT(6)

streptothricin acetyltransferase

(SAT)

major facilitator superfamily

(MFS) antibiotic efflux pump
resistance-nodulation-cell division

(RND) antibiotic efflux pump

ANT(9)

major facilitator superfamily
(MFS) antibiotic efflux pump

APH(3)

antibiotic resistant isoleucyl-tRNA
synthetase (ileS)

major facilitator superfamily
(MFS) antibiotic efflux pump
macrolide phosphotransferase

(MPH)
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EFANCA
ML_09699
EFANCA
ML_53841
EFANCA
ML_03276
EFANCA
ML_03321
EFANCA
ML_20451
EFANCA
ML_50483
EFANCA
ML_47485
EFANCA
ML_63030

EFANCA
ML_03830
EFANCA
ML_41680
EFANCA
ML_12934
EFANCA
ML_56207
EFANCA
ML_58113
EFANCA
ML_76164
EFANCA
ML_61979
EFANCA
ML_61984
EFANCA
ML_67217
EFANCA
ML_10134
EFANCA
ML_56067
EFANCA
ML_80022
EFANCA
ML_08392

APH(3)-1lla

InuC

ANT(6)-la

SHV-159

catlll

mel

vanWG

Staphylococcus mupB
conferring resistance to

mupirocin
olel

Mrx

tet(40)

vanSl

vanWG

ErmB

ANT(9)-la

InuB

aad(6)

bmr

APH(3)-1lla

tet(L)

ceoB

antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic efflux

antibiotic target
alteration

antibiotic target
alteration

antibiotic
inactivation
antibiotic
inactivation
antibiotic efflux

antibiotic target
alteration
antibiotic target
alteration
antibiotic target
alteration
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic efflux

antibiotic
inactivation

antibiotic efflux

antibiotic efflux

APH(3)

lincosamide nucleotidyltransferase
(LNU)
ANT(6)

SHYV beta-lactamase

chloramphenicol acetyltransferase
(CAT)

ATP-binding cassette (ABC)
antibiotic efflux pump
glycopeptide resistance gene
cluster; vanwW
antibiotic resistant isoleucyl-tRNA
synthetase (ileS)

ole glycosyltransferase

macrolide phosphotransferase
(MPH)

major facilitator superfamily

(MFS) antibiotic efflux pump

vanS; glycopeptide resistance

gene cluster
glycopeptide resistance gene
cluster; vanwW
Erm 23S ribosomal RNA
methyltransferase

ANT(9)

lincosamide nucleotidyltransferase
(LNU)
ANT(6)

major facilitator superfamily
(MFS) antibiotic efflux pump
APH(3)

major facilitator superfamily

(MFS) antibiotic efflux pump
resistance-nodulation-cell division

(RND) antibiotic efflux pump
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EFANCA
ML_29479
EFANCA
ML_69669
EFANCA
ML_36356
EFANCA
ML_79432
EFANCA
ML_76006
EFANCA
ML_27993
EFANCA
ML_80023
EFANCA
ML_55170
EFANCA
ML_26880
EFANCA
ML_53229
EFANCA
ML_15615
EFANCA
ML_52120
EFANCA
ML_41675
EFANCA
ML_26203
EFANCA
ML_25517
EFANCA
ML_09734
EFANCA
ML_56361
EFANCA
ML_49722
EFANCA
ML_41607
EFANCA
ML_64488
EFANCA
ML_04599
EFANCA

TaeA

catlll

APH(3)-1lla

catlll

APH(3)-1lla

LpeB

tet(L)

olel

vanWG

MexB

Laribacter hongkongensis

ampC beta-lactamase

InuC

mdtG

InuG

catlll

OXA-58

ErmB

AAC(6)-le-APH(2")-1a

vanWG

ErmB

IsaE

catlll

antibiotic efflux

antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic efflux

antibiotic efflux

antibiotic
inactivation
antibiotic target
alteration
antibiotic efflux

antibiotic
inactivation
antibiotic
inactivation
antibiotic efflux

antibiotic
inactivation
antibiotic
inactivation
antibiotic
inactivation
antibiotic target
alteration
antibiotic
inactivation
antibiotic target
alteration
antibiotic target
alteration
antibiotic efflux

antibiotic

ATP-binding cassette (ABC)
antibiotic efflux pump
chloramphenicol acetyltransferase
(CAT)

APH(3)

chloramphenicol acetyltransferase
(CAT)
APH(3)

resistance-nodulation-cell division
(RND) antibiotic efflux pump
major facilitator superfamily
(MFS) antibiotic efflux pump
ole glycosyltransferase

glycopeptide resistance gene
cluster; vanw
resistance-nodulation-cell division
(RND) antibiotic efflux pump
ampC-type beta-lactamase

lincosamide nucleotidyltransferase
(LNU)
major facilitator superfamily
(MFS) antibiotic efflux pump
lincosamide nucleotidyltransferase
(LNU)
chloramphenicol acetyltransferase
(CAT)
OXA beta-lactamase

Erm 23S ribosomal RNA
methyltransferase
AAC(6"); APH(2")

glycopeptide resistance gene
cluster; vanwW
Erm 23S ribosomal RNA
methyltransferase
ATP-binding cassette (ABC)
antibiotic efflux pump
chloramphenicol acetyltransferase
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ML_34100
EFANCA
ML_66685
EFANCA
ML_41686
EFANCA
ML_01264
EFANCA
ML_56171
EFANCA
ML_04000
EFANCA
ML_30135
EFANCA
ML_30235

inactivation (CAT)
Laribacter hongkongensis antibiotic ampC-type beta-lactamase
ampC beta-lactamase inactivation
IMP-22 antibiotic IMP beta-lactamase
inactivation
catlll antibiotic chloramphenicol acetyltransferase
inactivation (CAT)
SAT-4 antibiotic streptothricin acetyltransferase
inactivation (SAT)
VEB-3 antibiotic VEB beta-lactamase
inactivation
InuC antibiotic lincosamide nucleotidyltransferase
inactivation (LNU)
ErmG antibiotic target Erm 23S ribosomal RNA
alteration methyltransferase
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Attached list S4 Streptococcus lysin genes sequence

SR

gk /v 77

BT

Lys33795

Lys8387

atgaagaaaaacgattattttattgatgtatcggcttatcaagcagegg
acttgcgaggaacttgtgcgtctgctggtacaaataagacgattatca
aagtaagcgaaggaacaggctggctatccccagtccgecaacaac
aagcagacaccagtgagcctgtaggttactaccactttgcacgttttg
gtggcaatgtcgctcaagcacaagcetgaagcegaactactttatcage
cacttgccaaacaaaaaagtgcgctatctggtetgtgactacgagga
cagcgcaagtagcaataaaacagccaacacaaacgctatcttgge
gtttatggatgtttgtaaggcgcatggcetacgagectatctactacag
ctataagccgtttacactggctaatctggacgattaccaccgcatact
agccaagtatcctaacagcctttggattgctgcttatgccaattacag
cgtcatgtcaacagttgacgtggcaaaagcgagcetggtttcegteca
tggacggtatccgetggtggeaattcacctcaaccgctttacaagge
ggactagacaagaacattgttttattagacgatgacgcaacaactact
acacaatcaaaccaaaatttaggaggactacccatggaattcacattt
caaatctctggcgacaaagcacacgaccctgcaacagtatattacg
ccaatacggcacgtggtatttatcgagggttgactcatattgatgaat
ggaatgttattagaaacatttataaagactcaactggtcgagacatge
cacactataagtgggacgctaaggcegccttggtatactcgtgctattg
taggtatgcaattgaagaaaatttga
atgaaaaagaatgactattttattgatgtgtcgtcttatcaatccgcaga
tttgacagctatatgccaagctgctggaacacgtaagacggttatca
aagttagcgaggggacaggttatctttcccctaategttttactcaage
gcaaacaagcgagcccatcggttaccacttcgeccgttttggtggea
atgtcagccaagcagtagccgaagcegaactattttttggctaacttac
caactaaagtgccttaccttgtctgcgattatgagggegctagtggtg
ataagcaagccaatacggatgcagtgttagcttttatggctaagtgeg
cccaagctggctataaactctattatagctataaaccatacacgttag
ccaatgttgattatcaccaaatcctagctaaatacccaaacagcettgt
ggattgctgcctacaactataacgtcacaccaccagtttgggagattt
tcccaagcatggacggcatccgetggtggceaattcacatcaactggt
attgctggagggcttgataaaaatgttgtgttgctagatgacgagcaa
acagcgtcatcaacagaaaaacaagaagaaaccgaaaaaatcga
ggaggaagaagatatgttaaattttgtaatgcgttctaaatcaggaaa
acaaggctatgttggttgtgtcaacggttctatttttggaattggagac
atcggtacggtgacagccttgcaagacgcaggttgcaaacacctaa
tgctagacgatggcgattttgaccgcttgcttaattcacaaaagcttga
tgatgagaaacgtaacgaagtgctcaaagtagcgcttgaaaacgtg
gctaatacaatcaaaaataaataa

MKKNDYFIDVSAYQAAD
LRGTCASAGTNKTIIKVSE
GTGWLSPVRQQQADTSEP
VGYYHFARFGGNVAQAQ
AEANYFISHLPNKKVRYL
VCDYEDSASSNKTANTNA
ILAFMDVCKAHGYEPIYY
SYKPFTLANLDDYHRILA
KYPNSLWIAAYANYSVMS
TVDVAKASWFPSMDGIR
WWQFTSTALQGGLDKNI
VLLDDDATTTTQSNQNLG
GLPMEFTFQISGDKAHDP
ATVYYANTARGIYRGLTHI
DEWNVIRNIYKDSTGRD
MPHYKWDAKAPWYTRAI
VGMQLKKI

MKKNDYFIDVSSYQSADL
TAICQAAGTRKTVIKVSE
GTGYLSPNRFTQAQTSEPI
GYYHFARFGGNVSQAVAE
ANYFLANPTKVPYLVCDY
EDGASGDKQANTDAVLA
FMAKCAQAGYKPIYYSY
KPYTLAVDYHQIAKYPNS
LWIAAYPNYNVTPDPVWE
IFPSMDGIRWQFTSTGIAG
GLDKNVLLDDEQTASSTE
KQEETEKIEEEEDMLNFV
MRSKSGKQGYVGCVNGS
IFGIGDIGTVTALQDAGCK
HLMLDDGDFDRLLNSQK
LDDEKRNEVLKVALENVA
NTIKNK
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Lys29887

Lys15143

atgaaaaagaatgactattttattgatgtgtcgtcttatcaatccgcaga
cttaacggcgatttgtcaagctgctggaacacgtaaaacgattattaa
agtcagcgaaggcacgggctacttatcgcctaatcggttcacgcaat
cgcaaaccagtgaacccgtcggctattaccactttgceegttttgge
ggtaatgtcagccaageggtagcagaagcegaactattttttggctaat
atccctgctaaagtctcatacctcgtatgtgactatgaagacggegcet
agcacgtcaaaacaagccaatacagccattttggcgttcatggacaa
atgcgcacaagctggttacaagccaatctattacagctacaagectt
acacgctagcgaatgttgatcatcaaatcctagcaaaatacccaaac
agtctgtggattgcttatcctaactataatgtgacccccgaccecgttt
gggaaatcttccectcaatggatattcgetggtggeagtttacttccac
gggggttgctggeggtitagataaaaatgttgtattgctagatgacga
gcaaacagcgtcatcaaaagaagaaattgaaaaaaacgaggagg
aagaagatatgttgaattttgtaatgcgttcaaaatcaggtaaacaag
gttacgtaggctgtgtcaatggttctatttttggaatcggagacatcgg
aacagtggtggctttgcaagaagcgggttgtaaacatctaatgctag
acgatggcgatttcgaccgtttgcttaattcacaaaaacttgatgatga
gaaacgtaacgaagtgctaaaagttgcgcttgaaaacgtggctaac
accatcaaaaataaataa
atgaaaaaggattattttatcgacgtgtcgcagtctgcagatttaacag
ctatttgccaagctgcaggcacacgtaagacgattattaaagtgage
gaaggaacaggttatctttcgcccaatcgttttacacaagcacaaact
agcgagcctgttggatactaccactttgctegttttggtgacaatgtca
gtcaagcggtagcagaagcgaattatttcttggcaaatattccegea
aaagtgccatacctcgtatgtgatgaggacggcgcetagcacgtcaa
aacaggctaatacagatgccattttggcatttatggataaggtggega
gcgctggttacaagectctattatagctacaageccacgetggeaaa
tgttgattatcaccaaatcctagcaaaatacccaaacagtctgtggatt
gcagcttatccaaattacaacgtaaccccagacccagtttgggaaat
cttcccaagtatggacggcattcgetggtggeagttcacttcaacgg
ggattgctggcgggcttgataaaaatgttgtattactagatgacgage
aagcagcgtcaccaacagaaaaacaagaagaaattttagaggagg
aagaagatatgttaaatttcgtaatgcgttcaaaatcaggtaaacaag
gctatgttggttgtgtcaatggtgccatttttggaatcggggatatcgg
tacagtgggagctttgcaagaagcaggttgtaaacatctagtgttag
atgatggcgattttgaccgcttgatcaactcacaaaagattgatgatg
agaaacgtaatgaagtgcttaaagttgcacttgaaaatgtcgctaaca
caatcaaaaataaataa

MKKNDYFIDVSSYQSADL
TAICQAAGTRKTIIKVSEG
TGYLSPNRFTQSQTSEPV
GYYHFARFGGNVSQAVAE
ANYFLANIPAKVSYLVCD
YEDGASTSKQANTDAILA
FMDKCAQAYKPIYYSYKP
YTLANVDYHQILAKYPNS
LWIAAYPNYNVTPDPVWE
IFPSDGRWWQFTSTGVAG
GLDKNVLLDDEQTASSKE
EIEKNEEEEDMLNFVMRS
KSGKQGYVGCVNGSIFGI
GDIGTVVALQEAGCKHL
MLDDGDFDRLLNSQKLD
DEKRNEVLKVALENVANT
IKNK

MKKDYFIDVSSSADLTAIC
QAAGTRKTIIKVSEGTGY
LSPNRFTQAQTSEPVGYY
HFARFGDNVSQAVAEANY
FLANIPAKVPYLVCDYED
GASTSKQANTDAILAFMD
KVASAGYKPYYSYKPYTL
ANVDYHQILAKYNSLWIA
AYPNYNVTPDPVWEIFPS
MDGIRWWQFTSTGIAGGL
DKNVVLLDDEQAASPTE
KQEEILEEEEDMLNFVMR
SKSGKQGYVGCVNGAIFG
IGDIGTVGALQEAGCKHL
VLDDGDFDRLINSQKIDD
EKRNEVLKVALENVANTI
KNK
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