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Potential pathogenic bacteria, antibiotic resistance genes, and
virulence factors from the feces of Chroicocephalusridibundus
overwintering in Kunming

CHEN Xiu', HE Jiangbo', REN Zhen?, CAO Yanru’, CAO Liyan', WEI Yunfang',
WANG Ji’ai', KONG Jing', CHAI Yanjing"'

1 School of Medicine, Kunming University, Kunming 650214, Yunnan, China
2 School of Agriculture and Life Sciences, Kunming University, Kunming 650214, Yunnan, China

Abstract: [Background] A large number of black-headed gulls (Chroicocephalus ridibundus)
overwinter in Kunming and have close contact with people. Whether their fecal bacteria can be
a source of infections or not arouses public concern. [Objective] To explore the potential
pathogenic bacteria, antibiotic resistance genes (ARGs), and virulence factors (VFs) in the feces
of C. ridibundus. [Methods] Firstly, the bacteria in the feces were isolated and identified, and
the antibiotic resistance of some potential pathogens was examined. Secondly, metagenomic
sequencing was employed to detect the potential pathogens, ARGs, and VFs in the feces.
[Results] Enterococcus faecalis, Aeromonas veronii, and Shigella flexneri were the main
potential pathogenic bacteria detected by the isolation method, and Escherichia coli,
Escherichia albertii, and Enterococcus faecium were the main potential pathogenic bacteria
detected by metagenomic sequencing. These bacteria were frequently detected in the intestines
of other animals and humans. Some isolated potential pathogenic bacteria were resistant to few
antibiotics. The ARGs and VFs detected through metagenomic sequencing were abundant and
had rich sources in addition to potential pathogenic bacteria. However, the ARGs receiving
clinical concerns were not detected with high identity and coverage. In addition, some potential
pathogenic bacterial genera and ARGs had high associations between the feces and the water in
the Dianchi Lake. [Conclusion] No pathogenic bacteria belonging to the risk group II (China)
or the ARGs arousing clinical concern were detected in the feces of C. ridibundus. Therefore,
we conclude that the bacteria from the feces of C. ridibundus do not pose an infection threat to
healthy people.

Keywords: Chroicocephalus ridibundus; potential pathogenic bacteria; antibiotic resistance gene;
virulence factor; metagenomic sequencing

UTAERE i 5 X0 It 40 T R0 200 TR T 245 1Y
el B EAA A, A Ao
Jl R AT IS Je 5 20 495 gy b Ao B B SR AL
SO IR T BT 25 TR, AT RE 28 A R AR 2
PRIt K g ) Liao %543 BS 500 {21 M3 (i
R W EEOR TR A, TR R

7 #l (enteropathogenic Escherichia coli, EPEC). b
I'] /i (Salmonella spp.) . < P Jifd i (Aeromonas
spp.) . T & (Enterobacter spp.)%*, Leévesque
S TR P T A B B VD T T AR
MEEE, Jarma 25T 16S rRNA KN B @ =46
W % B85 R K iz 18 % A 3l AF B (Acinetobacter
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spp.). 73K B (Enterococcus spp.) . JAT BB
(Enterobacteriaceae) . fi 5. il 7 (Pseudomonas
spp.) . %5 B [ (Saphyl ococcus spp. )55 # 1A%
SRR, Haid gPCR A intl1, sull, blagy .
blagec . blanpu. tetW. gnrS, mer-1 25724 3L,
IR X R I I M LT R SR Ay s R R R
R3] 7 MRIE, BE N KRIBIRATE . 4w O
3¢ b Bk
(Enterococcus faecalis), /i V)8 K (Serratia

¥k % (Saphylococcus aureus) .

marcescens) . b /i £k 1 (Enterococcus faecium)
IR 75 9% FC T4 (Shigella dysenteriae) . ki A
Fi(Klebsiella oxytosus), AifiZ 7 ¥RF AL
A S it 25100 P Lk RS S 1 S S T REHE A
FVETENG AT , (HIX e 57 = 2 T PR 4l 3%
FEAr Bk 168 rRNA LR ¥ B9, TR 130
Jir 240 TR B Tt 24 BE DR R A R o PRI 2 e [R] 4
FEALREX Y AME BHEA TR, IR REXT IR
M2 B DhRRBE S rRail, i
AR B AN S 2t e S 25 R
211 %% (Chroicocephalus ridibundus)s# J& T
KL B RS BLEG J& , & — Rt Rk A 2, SH
Tlrdb A, R REREE | AREE AR, T
AT T E A X, 2 A Bl TR Vi b DX e AL
Mz —B10 7 1985 4F 11 ALK, BWIEH
AR 22 216 B8 A (R 1 7, A I B A 21 W B 2 e e
K, EJLAERIR 4 T2 H, Hoip b 320008 T
MR, FOREEA BB X W . JR 8] . &
TAMTE, ¥ S5 EEmi. mg kiR
2L = S E IR T 5800 [ iy A 5l A2 3
DUAR/RI L H BB s B R B IR XA s L b
B R 9 DR T S ™), T D 21 S
TEAEZRIINA 5 T A ok BB, i iE 5
VT L TR BT 24 4 A, o ] RE A AR AR FR AT
SRVETERI o JET I, ACBFSE 32 SR AR B ik A
1M W A | 8 S IR AN Al IR Y Oy

B R TR A A TR A s S T o S TR 2578, 0
21 I 246 i LA 5 PRI R K R 240 TR B T 245
SEINARSCE, A T v D 200 T L ik 245 2 [R5 A%
NGB FE AL S 22 i 4l .

1 MrhE A%

1.1 #&m

it >R B b 6l 2 T A B WD T PN 20 R
RS 22 TUAS 32 28 AR b, (0 35 g JE I . R
WL AR, SRR o A b, R
It oAy 21 W R 6 20 (MR IR ), R B R A
3-5 fy THRIAEFE S (FER S P 2 TR 1R
GFESD . 2 20 RY IR AR X KR (V35 R 30 55
RO KR . R 1 m ). HAREE
mfa BOLER 1. Br 1 SkemAN, HAara AT
Sl 3E IR 57 B AR A A ] SR & Y R AR I O
B, PR T2 B N AR S IR SE I S
CE T80 °CH 1.
1.2 EHFHE

(1) HBERFE

TE R 2R BT (M) 2 25 3Gk [10] L il 5
SS BitAR (M3)FIZZ FEULBAG (M4), BN EE R A
YA R A | MIEAR(M6), FBHI % E AW
TR A FRA s M2 (g/L): JHEES K S RES
Fi#RHE 10.0, R2A BfEIG#4E 3.8, BilR 6.0,
pH 7.0-7.4; M5 (g/L): EFEEUR 5.0, 1HELERE
16.0, WifR A4 1.5, £E 10.0, pH 7.0-7.4,
Hrp M1, M2 PP ;IR 553 00U N 50 mg/L 1Y)
HHREER

(2) ZlifbhEFR K

B 7 IR B 97 3 ChU M A0l A 93500 A
AT (gL): HRE 2.0, MEARKAEY
17.5, AlEETERT 1.5, Bl 17.05 BEESK S5
B IGEFR AL A R2A SRR HE 5L, H R mAHLT
M el Vi TR A W E AR A R W
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Table 1 Sample and treatment information in this study

No. Samples Treatment Sampling time
1 Mixture of 3—5 dry feces Drying at 28 °C for a week; Isolation Nov. 2019
2 Mixture of 3—5 fresh feces Isolation Nov. 2019
3 Mixture of 3—5 fresh feces and 3-5 dry feces Isolation Nov. 2019
4 Mixture of >5 fresh feces Isolation and metagenomic sequencing (M1) Nov. 2020
5 Mixture of >5 fresh feces Isolation and metagenomic sequencing (M2) Nov. 2020
6 Mixture of >5 fresh feces Metagenomic sequencing (M3) Dec. 2020
7 Mixture of >5 fresh feces Metagenomic sequencing (M4) Dec. 2020
8 12 single fresh feces Isolation Nov. 2020
9 Centrifuge sediment of 1.5 L water from Dianchi Lake Isolation and metagenomic sequencing (W2) Nov. 2020

(5 000 r/min)

10 Centrifuge sediment of 1.5 L water from Daguan River
(5 000 r/min)
11 Air

Isolation (metagenomic sequencing failed)

Isolation

Nov. 2020

Nov. 2020

M1-M4 F1 W2 7235 R 2 0 7 B ek 7 T A 38 8 s KRR A O O 2 55

M1-M4, and W2: The sample ID of the corresponding sample.

1.3 EFERFIFNE

TRER R, WLE GRS ARA A 2
fii DNA 2B &, R AL AR
/3] ; DNA $HUHAG] , o RSB A R A
wls A4, RN TEEBDA R 1.1xT3
Super PCR Mix FIBHEHE, 6ot ER A YRH I
AR 258t BuM Ay RHA R
F) AT R L e = AR VIR AT PR A A

B K, RS RS BR A H
/N5 AL, Thermo Fisher Scientific 23 A ;
& B0 AL, IR R P AL 28 B A R A 7] s PCR
1%, Bio-Rad 2~ ] ; BEfRHHACEHIKAL, dbniss
—HYRHEA R A .
1.4 BEHHTE

Fir G T 235 57 IR & FEAS Yok R RBR U
A3 5 4 XA 23k M 45 6 09 J7 i AT TR bR O3
By, B EAEAE G AR KR e . W RRLR
AL PRI 1 g FEMERERLE T 19 mL JUm A 3
ERIK, BT ORI 2 0 B 45 SR L LR A
3 DX K0 4 3 U] G 7 4 o oA B AP 265 il BB £
(G = TS B o e Ol T e R 2 o T

SIEFE R B 90 mm M1 15 357 5L ik 78 1E 25 1,
29 1.6 m it FAEAE P 2ER 10 min {5
FEEFRILEE . 2019 4T REEFE i 43 B IR H]
T M3, M4, M6 X 3 FhEsgE5E, 2020 405
B M1-M6 ¥R M. Bt 7 8 55 5% ML A
28 CCREFFMI S IR 3 d s, Wi wEEIES
FRAEWI A 22 5 2 IS PO R VK F — 25 4 25 4l
ko 2lifb)E BRI R 25% Hih 3 i -80 °C
Tk, o5 — 1 PR A7 T-20 °CHIT DNA $2HL,
1.5 BE#HHIEE

Pk DNA B2 BCR A TE 2200 2 5 S
FHE, 16S rRNA JEH P14k A F 519 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")#l 1492R
(5'-GGTTACCTTGTTACGACTT-3), PCR JZJif
&% PCR Mix 45 uL, 1E. I8 514(10 umol/L)
£ 1.25 uL, DNA fiti 1-2 uL, PCR S 514
94 °C 8 min; 94 °C 1 min, 54.5 °C 1 min, 72 °C
1 min, 35 ME#F; 72 °C 8 min. PCR 4 # 4
e E 2/l HEATIN Y, B S A B0 Y 4 38
EzBioCloud (https://www.ezbiocloud.net/identify)
iy, NCBI-BLAST (https://blast.ncbi.nlm.nih.gov/
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Blast.cgi)#E1 7541 HLXT .
1.6 FEEHmAEERENF

FH T B S A ol AN B A2 2 R R 2
DNA 25K, B, A5 T2 5L i 4
i AR S FEMEAE A o SR FHZE(E DNA 48 U]
BT ER LR 4,5, 9 SHE) S5 i
REGHATER 1 h 6. 7 SHEIRERE M
DNA, #i#2/51 DNA RHAT KR sk, Ml
25 KI5 4% 5 (DNA F745>3 kb, DNA I
AEH, LEER . B, Jo™E RNA, HH .
WG TG Y, 1.7<OD16/OD2s0<2.1, i1
A — PR HE R R T SR BEAT Fr BRI T 1 i PE
X, SRJEHT llumina NovaSeq “F &5 i i #7
A PCR JFHLAAT =yl st W o T L4 3 41 gk
144 . BT sy Ul L S & B s Je S Ak A 22
SR G X OLAR S 1 91 DF 422 20 2 9F a4 7 3% IR 9
W ABEFRPFI ST BHET non-redundant
protein sequence database (NR)ELHEE, T 24 5L A
ERFLET the comprehensive antibiotic resistance
database (CARD)$H % (E-value<10”)!", #J
[N 13 B3 T the virulence factor database (VFDB)
(E-value<10")'"?, FEF4EISEF RPKM Hik,
R HrE ST Bray-Curtis 3155
PIFEARAIIE S, ARAG B ZREMEIE s AR, Z AR
P E B AR M AT )2 9058 2K (hierarchical clustering)
A, Al AE A4 - ¥ 7 (unweighted  pair
group method with arithmetic mean, UPGMA)#%J
ARR AL o 0 T SRR SC A >R - SPSS
25.0 THEE PRI ZH 40 0] /%) Pearson AHOC R AL,
1.7 BERRT 2514

T YE R ARE R R, SRR E T F
05115591778 eV Az 7 NN 7% & ol s s oW s 5
PR ORR . WA BRI JE T BR MK 38 Clinical and
Laboratory Standards Institute (CLSI)™, >R 4t

52

Fr 47 HIOE (K-B )% -4 T 40 1 24 W) U S 56
1.8 MoaEFERMNTZELMMAER
&

LT I 2 8 7 B PRI 24 SR B AL AR D 20
W i 25 2 ] (antibiotic resistance gene, ARG)
OIFTEEIR N oAl B R AR (P DU BR R RS
I S SRRCRTITRS 245 T R ) JE A7 U 30 3R 2R 1 24 B PR A,
T, 4G L R A 45 tetA | tetB tetC . tetl | tetW!*!,
] s G 00 R 45 RS R il 21

2 ERE90

2.1 ZhiEFRLE
211 HEFIBEELER

RS TR I8 8 A28 L HE S kAL 4y
B3] 386 MR, LT 16S rRNA KL w5
ET 209 PRI, b, EMUKEERIE 47 Bk, 4>
ATE 23 D& 2GR 12 8%, AT 8 1
JE 5 LI MRS ZEFE R UR 150 Bk, A fE 26 N8
(F2, B ). 5rEMMETA - AR
WOOLTEAEE IR AN B, M Ek e . PIURIA IR
7 i (Escherichia albertii). & #%%&# H
(Escherichia fergusonii) . J&i[ < HuUif 1% (Aeromonas
veronii) . kB4 (Shigella flexneri), &K<,
B} 5 (Aeromonas hydrophila). J& 7Bk .
Ji& A #75 BK 1 (Staphyl ococcus saprophyticus) |
IR A5 O T T R 6 R 0 7 7 R TR 5 PR AR
A, HoAt 2 N A sh ) WA, I ELAE
o T — AN BB s s &t (A
RIS, TR R A2 04 T K R A o3 8 31 OK
49 JB8 A < B L T e /b T T A EG R B TR . X T
Sy BRI N M1-M6 55 32343 4 B #) 40
50, 35, 24, 33, 27 bk BUAME, M3 HiF
B M4 KSR A AR TR TR 7, (HA5 3
) R R o R 0 A B R — 5 M5 B SRR A S T
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Table 2 Taxonomic information and number of identified strains

RSHER S REERERY

Order Family Genus Number of identified strains
Feces Water Air
Bacillota Sreptococcaceae Streptococcus
Actinomycetota Sreptomycetaceae Sreptomyces
Beutenbergiaceae Serinibacter

Bacillota

Bacteroidota

Deinococcota
Pseudomonadota

Total

Dermatophilaceae
Microbacteriaceae
Micrococcaceae
Mycobacteriaceae
Nocardioidaceae
Ornithinimicrobiaceae
Brevibacteriaceae
Cellulomonadaceae
Corynebacteriaceae
Dermabacteraceae

Dermacoccaceae
Dietziaceae
Intrasporangiaceae

Microbacteriaceae
Micrococcaceae

Bacillaceae

Carnobacteriaceae
Enterococcaceae
Paenibacillaceae
Planococcaceae
Sporolactobacillaceae
Saphylococcaceae
Hymenobacteraceae
Weeksellaceae
Deinococcaceae
Aeromonadaceae
Caulobacteraceae
Comamonadaceae

Enterobacteriaceae

Orbaceae
Pseudomonadaceae
Xanthomonadaceae

Mobilicoccus
Microbacterium
Micrococcus
Mycolicibacterium
Nocardioides
Serinicoccus
Brevibacterium
Cellulomonas
Corynebacterium
Brachybacterium
Dermabacter
Yimella

Dietzia
Arsenicicoccus
Janibacter
Agromyces
Arthrobacter
Kocuria

Bacillus
Exiguobacterium
Lysinibacillus
Trichococcus
Enterococcus
Paenibacillus
Jeotgalibacillus
Snobaca
Saphylococcus
Adhaeribacter
Chryseobacterium
Deinococcus
Aeromonas
Brevundimonas
Acidovorax
Delftia
Citrobacter
Enterobacter
Escherichia
Kosakonia
Shigella

Orbus
Pseudomonas
Senotrophomonas

O O OO O OO === O O = O = NN O == ON == Oo === OO o W

S O = N = W
— [}

150

— O O N O = O O =) O k= U OO~ OO = OO0 OO == OO0 O === =0

—_
W

O —, O WO =R, m, =, O = =

~
{Q
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Bl 1 LIRS ELIEF L ERERERR
Figure 1

22 [RBHPE A BR 43 15 5 LAt L G o Bk S ik 22
AR
2.1.2 BB LEIEFFEMRM NS R

J A R 24 SO 2 P L FE R B PG AR L IR
ETALY Y LTS R = R S A i S ALY N
LAk o Sk . kgl o Sk g |
LAk . il . SBeE T WS R . €
B, KKER. KRR, BEER. 1NIF
. KEHRR. MAVE ., EARVDE. B
BEH . EER . AR ER, WA 40 RIGHT
R (1 £k Enterobacter asburiae, 1 #Rif#%
ARIRATT L 1 BRAR QAR ROk A MOKAE, 1Bk
Escherichia marmotae >k F 25K, HAk B 20H
R S ) 24 K 22 B I 2 W s, (R A7 AE —
YU 2 G, WRAR ARIRA T B #R) . BT /R1A
2745 18 (5 #k). Escherichia marmotae (1 #£)Xt3k

Bacteria from the feces of Chroicocephalus ridibundus.

LRI 24 5 B JR {11 35 4 141 (1 #%) . Escherichia
marmotae (3 &) . 2 B B (9 BR)XF Sk A 7Y T 24
BAEHEQ M) EREQ SR EdA, &
PR BRI R 2, B, X
P RHAN B 1/ 22 % 8K P MO KRR 245 . WA Bk e
JEMAA P EFEEER . A RN, KREER.
WER, 4FR., KK, KiEHE ., XAV
B, EARDE. @5R. ThER. Fxmw
fie. Z5REBR, ZHMRKW 10 #REERE$ (&
Tk HLIMERG 2 ), 22500 BR A X 2R P AR
CRANN/ PN EICE/INE 2 NUR/INNUEIS 3
(6 BRI 2y, 4 ¥RXTLLEG R A, 1 BRI R
HiAr, 2 BRXORIEIR R 25 . 45 BR A JE it
HYINERR . SKEIAT . KRER, 4%%K.
WK, KIEHRE., MR E., ZERDE .

EOEi . HER . R, 4RER,
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Z 52550510 20 PRAEAERE T2 Hhok BIE
WK, 2 #iok B2, HAsk A 4IRS 2E(E),
4 BRXTH BRI 2, 2 MRXT2L8 Ry, 3 bRxt
VUMM R ZS, 4 BRXTIUIRER P XF T tet 250
YL, L 10 BRIBERTE . 16 BRIAFF A
FHME . 10 SR A EREA . Z5REB, T
PRI A tetB i 2 5 K], oAt tet i 24 KL ]
AR IRAGINE, AA I 28 A5 ML intl 1,
22 RIBFMFER
22,1 MEFIIGITTSRE

TRy A AT, (B2
RO ZEAE AR AR DNA JFASRE T 1 I e 13 22
K, PRITEJS SR ER AN SRR AR T 2 21 W W 2 (i
RAEMES . 76 DNA $EHGI R, ZIMERYZEfdn]
REFLBCRRAR, SRR FHZEME DNA BG5S 42
BRORAME, a0 U R S iy A AT S I ik
TT3%# DNA $RIEL, ARFIAE I R E R
k4% % NCBI (BioProject 55 PRINA1050657),
JP A SAE B itk 3 i
222 GRIBFHMEHEMN

TR AL e K B, 21 W5 K8 fizy 18 40 B 2 R
EHFE, 4 MEEYLRS LM RS 2L AR

—_

*3 REFANFFIEE 5T

Y P Er i AR, [H#EFLAR A 14 & (Escherichia) .
/NEE R 8 (Catellicoccus) . LB AT H &
(Lactobacillus)a5 A L35 & #F - 3= B2 HERT 20 A9 2H
pE R, RN B DU VTR A B . R R A
Bl RN R AW . RIBERE . B TTRE
(Salmonella enterica). =S IR E (Clostridium
perfringens). N &% [CH# (Shigella sonnei) .

REICE . IR ARE S ICE . 76
] B R 4 1 — iy o K B P, KRR R
(Aeromonas) >y 46 X L 3 1& ,  Fr A BR AT 14 )8
(Citrobacter) fl¥5 s [RH @ WL LR 2 (E 2), 7EF
FEHERT 20 A GRS 21 LA W AE s i 4
Bl EBESCEMTR . WKL TR (Aeromonas
hydrophila). i F1< 2 fif /4 (Aeromonas sobria)

K W35 A i K B M T (Aeromonas caviae) .
1 55 ¥ 4 IR AT 1 (Citrobacter freundii). IEA%,
T 215 05 Z 5 ARt KA e K 2 1 78 2
7 N NS 1 - = [ <)
(Klebsiella pneumoniae; £T W [ 2% =F fF HES
38, K FEEHEES 58). 4 A A A BRI (4L
I XS 20 = P R SRS 247, JE K 32 HES 289).
fif] = AN 5 FT 1 (Acinetobacter baumannii ; 115 K9

Table 3 Sequence information of metagenomic sequencing

Samples  Raw bases (bp) Optimized bases (bp) Optimized reads ~ Contigs Contig bases (bp) N50 (bp)
Ml 8359 721796 7933 145 136 52 752 060 34 156 35504 046 1610
M2 6813 301 200 6511473 062 43272 326 24 825 26 584 095 1861
M3 6379013 120 6183 736 123 41 069 874 22 089 22 723 481 1457
M4 7 818 195 026 7 538 156 924 50078 378 51582 52 466 352 1710
w2 7 733 643 482 7 523 396 894 49 959 668 163 053 102 787 963 659

Raw bases: JRUAFHIHHELEL; Optimized bases/reads: U M 2= £ u T4 4 Fh (21 W5 RS F 4R S 13028 388 ) )5 B9 DL AL 51
BRUPHEL MI-M4: 4 GraTVEIG TR -G 26060 W2 1.5 L SR B0 Uty s BARRE AR BULZ 1, R4y AL
RS

Raw bases: Raw base number of sequences; Optimized bases/reads: number of bases/reads filtered through quality control, and
the sequences originated from C. ridibundus and Microcystis aeruginosa were also removed. M1-M4: The four mixture feces
of C. ridibundus; W2: The centrifuge sediment of 1.5 L Dianchi Lake water; samples informations are listed in Table 1 and the

meanings in the metagenomic sequencing are the same.
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Figure 2 Relative abundance of the bacteria based on genus level.

ZEME B HESS 882, TEI/KFFEHENS 168). 4
2315 510 1 (Pseudomonas aer uginosa; £1 1 {9 3
fEFREHE 3275, E K FEEHESS 149). 4580
R B (Mycobacterium tuberculosis; {3 7 VE jily
KA R, FEHES 319) . U B S R
(Mycoplasma synoviae; {7 £ W K 2 fi £
|, FEEHEES 252)%, (HIEC HERBRIF X L
PRI HP T R G I B i IR S AL B T 25 R,
blacrx. blarey. blagpe. blagyy. mecA. vanA %,
XF AR R E 45 ) (2023 R
rh o SRR B R A I AR TR, A F DL A
(G R HE X — B0 >97%) - 7% JH 27 /AT 14 (Bacillus
anthracis; {FE E KA 3], 3= B HESS 2 254)
KB JH A oW E R M (Burkholderia
pseudomallei ; S 7E Lt KA 2, F= FEHESS
752). ZERLIRE (Vibrio cholerae; £1M§RY 2 ff -
FEHESS 994, /K FREHESS 49) . B HR R #&

F(Yersinia pestis; {XZETE /K AG I 2]
%5 92),
223 GRIBFHEMAERERSHEFEARK
FIER AN T FR B, PriE Rt 2y 35 5]
Xof 1 28 LR Y 8 FE R AR AP B AR Ry 36.8%. F
FEGETH A B, 216 WS gy 18 240 e i 24 366 DR o A
W, FEA =N EEIEET 10) macB, parY
mutant, msbA. bcrA. rpoB2. tetA(58). taeA
MUpA. tetW; KA iR 25 B A (B =
M BIMIKHET 10) macB, evgS. tetA(58). rpoB2.
msbA. otr(A). novA, parY, taeA, adeL, —#
TEFECLO%) WM AT, F 822 FR
TELIME RS M A FF 1 tetW (3.0%) . ter3
(1.7%). vanL (1.5%). ermR (1.3%), bk
FE R AR D BRI 5] (<0.02%) 5 E It K FE
SAHEEN adeB (1.9%). vatF (1.5%). tet(35)
(1.4%) . mexl (1.3%). tIrC (1.2%) . mexW (1.1%),

FEHE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FFFE F | RIAEZAKEREAERFEHRRMAERESSEHETFHRK 1907
T 288 5 s r A I 28] = 8 /0 (<0.02%) . L %%Sg%
X—HERT 85% HAE TR T 50%FHi 24 5k 100, aoE o
PRIrpr, S0 A 32 20 (3 i R EMIKHT 10) ﬁgg usd
90 =
mdtQ dtO
msbA. tetW. evgS. ImrD. tetB(P). cpxA. gadX. - iy ﬁdrs
emrY, mdtP. Yojl, LKA 3 EAT (A - N a3 = aerD)
dacr. m
E FIICHT 10) evgS. msbA, yojl . kdpE. cpxA. o K = md
s 1S
crp. acrB. ImrD, acrA, emrB, &S &FE 70 ampC w baeS
W haeS baeS

(>1.0%) T 24 5L R vhr | 3288 2 S AR B 21 M 2
ERES P SE EE 1) tetW (4.3%) . InuC (1.3%),
T ECL KA R AR AGIN 21 5 Lt KA A B
cmeB (1.9%). cphA3 (1.2%), T £1M5 R 4]
F) & REAEH 0 (<0.01%) ., D PR 21wl 45 e o
BRI 25 BN IA 3 P, AR B e R
F UM 25 5L PR TR A& 4 B

DU e ke 3 25 0 BRI - % iy 22 1R e 91 Eb ok
I RAR 34.9%, FRESI A, LR
Wi B SR AR e, FERNEEEN
= FMERT 10): T6SS (VF0579). LOS (CVF494) .,
flagella (VF0394), T6SS (VF0569). capsule
(VF0361). HitABC (VF0268). pyoverdine
(IA0O01). lateral flagella (VF0474). enterobactin
(VF0228). heme biosynthesis (CVF506); JHiih7K
FES R R R EO G RS BIEHT 10):
polar flagella (CVF786).LOS (CVF494) . type IV
pili (CVF785). tap type IV pili (CVF783). polar
flagella (VF0473). lateral flagella (Al142), lateral
flagella (VF0474). heme biosynthesis (CVF506) .
bfmRS (VF0463). T2SS (CVF780). £I MKy
A it 1T L K A o 2 0 TR 22 ) T R B
e A — 2 BRI RE o B —2
JERT 85% H B LR T 50%HY 5 1 K ¥,
210 NG FEfd T B (O B BIRAT 10):
capsule (CVF186). capsule (VF0323), SCI-I T6SS
(CVF734). Hek (AI384). trigger factor (CVF149),

peritrichous flagella (AI140). invasion of brain
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Figure 3 Relative abundance of the ARGs. Only
ARGs with identities >85% and coverage >50% are
considered. The others including (content from high
to low) mdtG, acrE, baeR, emrK, acrA, mdtH, mdtF,
ampCl, ermT, tet(L), tetM, emrR, emrE, cmeB, ampH,
tet(A), KpnE, cphA3, mdfA, KpnF, tet(E), blascr.s,
blagrr,, fosA2, floR, tet(B), cmeA, KpnG, msrC,
blacvy.72, gnrS2, cmeC, blargm.171, blaoxa427, sull,
tetA(P), tet(K), QnrD2, blayox.s, APH(6)-Id, MCR-3.6,
mphA, sul 2, efmA, APH(3")—| b, bl AOXA-4655
ANT(3")-1la, InuA, blascrn, ermQ, cmeR, gnrB60,
AAC(6")-li, dfrAl7, catll, blactx.m.37, dfrA12, gnrB32,
dfrA14 and AAC(6')-Ic.

endothelial cells (Ibes) (CVF429). streptococcal
enolase (CVF153). iron/manganese transport
(CVF459). contact-dependent inhibition CDI system
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Figure 4 The main contributors to main ARGs (A) and VFs (B) of the feces of Chroicocephalus ridibundus.
Only the ARGs and VFs with identities >85% and coverage >50% are considered and only the top 50 most

abundant genera are considered.

(CVF747); KRR i 32 247 (3% s 2K
A 10): type IV pili (CVF785). tap type IV pili
(CVF783). T3SS (VF0479). direct heme uptake
system (IA062) . T6SS (SS194) .
(CVF854) . O-antigen (CVF043) . capsule
(VF0323). Hek (AI384). capsule (CVF186), —
HFEREECLO%WREIHE T, FEEZRA
PRAELLWE RS ZEMEAE i b 5 -5 1Y enterotoxin
(CVF414) (2.7%). Tia/Hek (CVF430) (2.7%).

ACE T6SS (CVF736) (2.7%) . fibronectin-binding
protein (AI158) (2.7%), i {H i /K % & 45 /b
(<0.07%); VEHM/KIFE SHEKZN tap type IV

capsule

pili (CVF783) (8.4%). type IV pili (CVF785)
(1.6%), T 21§ 1% 28 0 5 AR /0(<0.02%) o AHIF
SEI A 21 A AT A5 B A 55 R v B 0 A
B S Fias, Al B o B e 1Y B LR a1 I
F FE TRk LA 4.
224 ETIBKFEEMRESH
RE A 6), NeFETFFpiE Bl
W, 4 DYLrmERY AL ST URELE S, 1
T K RE W SRk — A, BB R RS AR S
MM 2N . FHN T, HAhRESEME >
[ EEARSG, B RRFH R S F S E
WEm 253N . A NP, B, T AR
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Figure 5 Relative abundance of the virulence factors. Only those with identity >85%, sequence coverage >50%
and relative content >0.05% are listed.
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Figure 6 Hierarchical clustering of the gull feces and Dianchi Lake water. The branch length represents the

distance calculated using the Bray-Curtis algorithm. The above analyses are clustering based on the
following annotation and abundance.
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TR, 4 O£l MERGFE S RSN LR B [F], 2
T2y 3L, B 07 R R RIS B AR,
LA TE /N A0 TR 2 A 2 BCAT P2 T, 4 TR A9 T
PRI EE ) - s B ARG HE . (H Tk
AN S R RS R A B, T PR 4 4
RS e Thge L RN AL AR 2 2%, HAR
ol 210 TR S A 2 TA) A A A A 5C 3) fig 25 DX AR
AE LI T B Z A5
22,5 AKEKBEFESKEABERBERELR
R 4N B B A A M XM

P T 2 25 DR A 00 e e BB U T Sy L e 4
XL, H—Se S MR =oK™ sh i w03
W, PRI SRR AT T HE— 2. o
Bk B, A0 M T A T K AR R R A
86.22%; TELLMERGAEMHFE irh WA fEE, &
A 0.02%-0.06%, FHEEN 0.04%; A

s DG 3 TR Sy Jgl R BRI TR L A B AL TR
&K H I . Aeromonas allosaccharophila,
Aeromonas media. Aeromonas jandaei . Aeromonas
sp._8C (CRAEVERD)AF, HrhallE R iun . K
FRL BRI T W /K B T A I N BB s
20 TR P £ S S 1 T Y KR AN ] R A
T 2H b S AR SCHE RO 0.74 (P<0.01), HLXT
Fu WL EOR AP e M R BT 3R 0.84 (P<0.01)
GXAMEMEZE 1, BRSEBLRHAH DGR ;B
U0, BEMTAHSEMEMIN) o B — 20 Al — L85
T 20 R AT AR DG 2 Ar , A BHABAR 22 S 2
TR Je8 T o ZH B 2116 RS RV 7K A R A A7 AE A
KRBAR MRS, WIRAHE N 0.99 (P<0.01),
TR ATE M 0.98 (P<0.01) JAEKE 4 0.96 (P<0.01)
FER 4. JiHh, LIMERSEAEFIKIAEE ARGs 4

R4 AEBEFEMENKETABERR—LENRRENAMEARBEXMMRARR S ELHE
Table 4 Community correlation and content ratios of some abundant or common pathogenic genera from
the feces of Chroicocephalus ridibundus and Dianchi Lake water

Genus of pathogens r P Absolute content ratio Relative content ratio
Acinetobacter 0.49 <0.01 0.08 0.07
Aeromonas 0.74 <0.01 <0.01 <0.01
Campylobacter 0.26 >0.05 2 048.85 1753.21
Ciceribacter 0.82 <0.01 0.05 0.05
Clostridium 0.80 <0.01 30.14 0.03
Enterobacter 0.85 <0.01 25.06 21.45
Enterococcus 0.96 <0.01 4.22 3.61
Escherichia 0.99 <0.01 19.99 17.11
Fusobacterium 0.25 >0.05 450.24 385.27
Haemophilus 0.99 <0.01 15.29 13.09
Klebsiella 0.98 <0.01 0.86 0.73
Lactobacillus 0.98 <0.01 5420.87 4 638.64
Listeria 0.98 <0.01 28.46 24.35
Pseudomonas 0.01 >0.05 0.02 0.01
Serratia 0.99 <0.01 2.75 2.35
Shewanella 0.07 >0.05 0.05 0.04
Saphylococcus 0.09 >0.05 82.99 71.01
Sreptococcus 0.75 <0.01 801.59 685.92
Vibrio 0.56 <0.01 <0.01 <0.01

Absolute content ratio=Average number of sequences from feces/Number of sequences from Dianchi Lake; Relative content

ratio=Average relative abundance of feces/Relative abundance of Dianchi Lake.
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W5 S EASE R ECN 0.74 (P<0.01), VFs 55
TR RECH 0.52 (P<0.01).

3 WibE5&#

XF T L1 RS i 1E A 2 RE LA, Liao 2518
it 16S rRNA BEPRII & B, 216 K i 1 o &
e E AR B RER ] (Firmicutes, 86%) .
75 J T 1] (Proteobacteria, 10%) . 22 5 @[]
(Tenericutes, 3%), H:AHiAERE AL Enterococcaceae) |
I #F @ #} (Enterobacteriaceae) . 37 J& & Fl
(Mycoplasmataceae) b # F & A, A58
T PR EE 7% S DAL I R e BRI . /B
KRR . IR A IR, FERRT
TIRWITSERERE], SZaikiEA 2z, A
B2 BT FF il >R 4 B (] 5 25 0 e 3 A ]
Bho BRAR R DR 00 P DA XS S v Ak ) 1)
AL, (HEmAEw A, HEFLINE S &
LR O1 #FF1 O139 BE R SR AERL, HA WA
P, M ZLHE RS iz 8 BRI B IR AE O1 HEAN
O139 ff. AHILTI &, JE K P A 280 )5 40 1A
FheE Z, (HE WA i X Tl mgE RS 2 (8
aiE M S B 5E, DR A Tt e iE
N2 B AN B o Liao S5 X0 UL i 4 B 2E 17
SRS, N 500 0 £1 W RS 2 i L 4R 4 B 15 5
124 BRI Bow P KR4 # (EPEC) . 84 #RTDT]
B . 62 RPN . 41 ¥R AT (Enterobacter
spp.) . 15 Fk/IN g 45 W R HE IR 7% 1A (Yersinia
enterocolitica). 13 #kZ 1% & 41 14 (Pantoea spp.)
138 MREAM AN (45 19 @) 248 241 %t
EUNE LB R 2 s X HE R3] 7 %
W, BENKBBRAGE . SEamarkeE . 2%
PRk . BEBVD S QA . PRIGERTA . g B
R . AR ARES . AT LT RS 43 5
1SRN R TR BN IRA T . AR . AR
WAERTA . BB . HRIRFF IR (Corynebacterium)

SEIRANTE , Horp— g A\ sk 3l W e R A T
EBRFR AT E AL, X TR A2 NN 3 s i
g LTI H SRR BRIV T TR . HR R A%
R, 3K A RE R R TR AR AR IE] R SR AR B
L EERRE . RS R EARFE T,
L] il [K 2 0] BB 5 |2 41 5 XS iy T 1 7 ] b AR
TN — L5, Ao, A EFEAN 7
GYHT, AN 210 2 P 43 B 0T 22 VAR D 2
B I AE DL B A 25 I A i . AT
FRI, B KR ARV 2 MR, Zhang
Gl 16S rRNA F A i i 7 & B
AR SR EET, Mg K
BRI TR R DL K 7 s 0 D A TR
I 5 | EE A A IS 35 7 43 8 AL TR AR R 1 16S
rRNA B[R S5 8 H-To R IR A i, X Al e s i
ARG B 5 S A R BR A, AR RS
#KW 16S rRNA K&K I A BRAR 47 1 X 53— sk
B 1 K P 5 A B R R B 0

% 3 PR 000 7 B R ARG B AR 22 Tif 24 3 1A
{FL 3 3 0 40 TR AR T 24 e ARG I & B, 2B ik
Xt R 28 RFEI UK, aTaEE LT L
J5 5 R : (1) AR Hh 2 5 R O i
) fry it 245 B DR S AN 2o 1 e TS 24 P 2R AL 1Y
BRI PR, B I S SR R R 24 A 3 U RS T T FH 24 40
ANRETEAXTIN 5 (2) HF H R 25 2= B I T Bt
SR B, 0 43 24 5 DR e R S 44 T AR ER R
ANFRIE , X PP RS SRR — S B AR
WL, R TG RS B LA 25 AL
(3) 1R 2 R4 7 5k R 4 v e 1 T 2 36 PR — B0
FIVBL o6 BE AR ARBgep, TR
ik CARD [iif 24 5 PR icds P2 L — B0 R T 85%
B A 5 Tt 25 2 A 5.03%, T R AU
50.87% )7 I 6 BEAE S0% LA o AWFoEH,
b X — 308 KT 85% H7H 75 KT 50%A it 25
SR, 2IMENS 20 32 (5 = M EUIRET 10)
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msbA . tetW, evgS. ImrD . tetB(P). cpxA. gadX.
emrY, mdtP. yojl, Eh/KIFE FEA (FEMN
= ZIIKAT 10) evgS. msbA. yojl. kdpE. cpxA.
crp. acrB. ImrD. acrA. emrB. msbA %#fi ABC
Sein FIANHEARS 35 (0 20 RN Y S DK e 2 T T
2y 251, I DR DG A3 M AF 2 ARG U 81 A 1
R 25k A I R0 TR . A BE R e 2 2 ) H.
AU ABUREAER, SIS 24 5 PR A I 3]
A A I AR R LA AR S AR RS IRl 9l iz g
FTFFRIEML A 2200, tetW = {6l 41 1 X PO 3
KRRyt 2y, B I 2 e 2% P A0 o R
MR, AL FEFRATHE WL 0 45 A T 3 ) BB AT T
O AR
(Bifidobacterium breve) . £ X B F
(Bifidobacterium longum)Z: 27 3 44 K Al 7B
AP, WP BTN
P KB ARG S AT K B3 PR AT
RER A RYEE IR WR 4w, & FeAf1a]
e T 28 10 B o A T R T 24 25 R A B AR .
evgS M 25 ML R AMHEZE RS, 32 S 4 B Xt PO 2R
R MRS M. KIANERE. FiE
RPUAERMm 2, HH AT LR A w8 SR
J A A R R A S A B B T AR 5D
AW e BLZ B R N 22k B KGR A 55
FERERHM T, BT R 20 B 7 I DR A At R 5
P ATERAEE T, HAWEFAE R AL & X
WERMGIG, NolREW, AN
43k AR KN 2] tetB i 25 3L, 1%L
SE I ANHESS , o 40 TR0 DU BR ER 2R 2 i 2
12 IR H T TEAR 2211 R B 5 Al P 455 3 05 48 1
ARG 2 U230 ACHIF oY 4l R 3R (AR 2 AN T E A
iU SR 1 i M W s [ S & e I3
FEEAR TR, A2 I DR R DL os S i A,y 3
HHH o O B 215 WS 2 A Y A O # i 24 B [
I D I AR AT B 2R 2T 24 (J R DGR 4317 1

(Bifidobacterium animalis) .

FEARPE T AR BT Fusobacterium,
FLERTE Lactococcus 55 5 J& T i 15 2 7n BE R DG Ik
M EERIREE), cpxA KR 2 S | &t
T ERRPUERM A (RAR), gadX XN
K WETREAZE RPN NERRPUAE RN 25 QR A7),
emrY X 07 PURR 22K 25 (R A& 1 . AT ),
matP Xt A% IS BT A 3R R RN B AT 2
CRATH . /NEEBRTRSF), yojl XTh Z KA R
M 25 (W AT 8w . FriER A Citrobacter 55).
Sk [ 1B /K 3745 P Y kdpE (Kluyvera. Serratia)
55 cpxA (PP R AT I . CER MR R 55 ) %o o 28 SE
RPN L, crp XPR SRS . MRS . K
INNBERPUA R 25 (UM . WA . A BL
[KH Shewanella), acrB (UHLAETE . FriERRAT
W . M Je )2 W Hafnia 45) 5 acrA (Leclercia,
Kluyvera, i #F i J& %)X N 8 KRBT 25 Wit 2,
ImrD X AR ] 25 25 200 25 (FLER ) . emr B X 1
W 5 215 24 ) Tt 24 (Plesiomonas.,  Vogesella, i
TR S) o X T Im IR LR B R Ik 5 B IR 25 2l
Pt 2535 K blagpe . blanpm« blay . blape «
blaoxa-as™ !, AHIFFE AR FE 25 B AR B 7 26 P
P I G FE AR ZILL b 5 B f b a] U,
AN TR LT NG g 1B R 2 FO K IR, AR AR A
XA R BT P i ek 5L ), H R AR TR
I7, AR PR TR A A A S A I A R
B A 24 35 DR o R X 7 i SR DK s S R B
KPRy, el IR A 2 1K R
PrARIRE o AT E Bl Ul 6-8 Gb,
XS 2 R AR Z Al gl ke, 75
Je B HR T RN TR B B AR A B 2 Y Al b
TR R EAT I, A RRARARAE i rh s o
T £

Gt RNy AP, TR K PR EE 21 M R 2
i rp— S YRR Jir 2 T 28 A A A DGR
W, PR E . KRR, E
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KA PR S A SR R A 0.84 (P<0.01), T
TE 235 37 v R AT 1t 7K P 458 R 21 16 8 2S5
o BT B TR MR, Ul BTZLYE RS g 1 FIK
PRBE AR A o T LA R . BT K&
PP RD R ISR NS T 325 45 A0 AT 2 0
. FHET . AT RESE, Ik £ 41 p 4%
M 14 TR 24 32 DR AN 25 7 DR 726 mT B B 25 40 o
Bmistrs, oM, 2 AR A & | BEBEIRET
T E ARG AR EHADIASEE, Wi IR
Hi ARG LAl REFERS = A SRR AN 0, 41
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