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Intestinal host analysis of F-specific RNA bacteriophage YM1
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Abstract: [Background] In recent years, F-specific RNA bacteriophages have been recognized
as indicators of human norovirus contamination in aquatic environments. Recently, using
Escherichia coli ATCC700891" as host, our group isolated an F-specific RNA bacteriophage
YMI1 from human stool sample. This bacteriophage has the closest relationship to E. coli
bacteriophage MS2. The hosts of MS2 are usually the male E. coli containing pili. [Objective]
To explore the interaction of F-specific RNA bacteriophage with its host and norovirus living in
the intestine, this study aimed to screen out the intestinal hosts of YM1. [Methods] Selective
medium was used to screen out the E. coli strains in YMI-positive stool sample, and YM1
infection was verified. In addition, the 16S rRNA gene amplicon sequencing was employed to
analyze the differences of bacterial community in stool samples before and after YMI1
inoculation, and the potential intestinal hosts of YMI1 in the YMI1-postive stool sample were
analyzed. [Results] A total of 351 E. coli strains were isolated from YM1-positive stool sample.
However, YMI1 infection results showed that none of them were the hosts of YMI
bacteriophage. The 16S rRNA gene amplicon sequencing showed that the relative abundance of
Enterobacter sp. (OTU144) and Enterobacter sp. (OTU11) in stool samples were significantly
decreased after being infected with YM1, which indicated that these two kinds of bacteria might
be the potential hosts of YMI1. [Conclusion] YMI targets to certain host in an extremely
specific manner. E. coli is not the intestinal host of YMI in stool sample. At the same time, two
potential hosts of YM1 have been identified, which provided directions and references for the
isolation and screening of the intestinal hosts of YM1.
Keywords: F-specific RNA bacteriophage; intestinal host; stool; Escherichia coli

F-RNA I% [5 /& (F-specific RNA bacteriophages) (Levivirus), %705 B3, 1 GIII &l
R T R/ER AR (Leviviridae) U BA B IESE A1 GIV BE T R/ g H A JE (Allolevivirus), £
RNA (single-stranded positive-sense RNA, ssRNA) 7085 A ABZECY ) i FHAEYBRZE . fb2rdy
TEE, REMBARSRIEMOMAETE ERATER T My mS i 5 (Norovirus, NoV)Z il i
b, HRBEAHRE ERETORTR LR F o 0, DRMRTE7E T2 15 YL iy k3R ss v 2
K F(fertility factor)FE[H Zif%! >, AR 4 5L K 7 2, AR W B A AR S R A 0
(genotype)AAIH], F-RNA WEEEIAR] 43k GI-GIV AR i LR M A 3 (Escherichia coli)
X 4 2%, Hh GI BUF1 G BYJE TR/NRERR  ATCC700891" fE 32, MAZEMRE S 4B i
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A S S F-RNA WREE R YMI 738 15 32 704 2365
—#k F-RNA B IA YMIL, HS5 B EmEA B, YMI A s, Kighrm

MS2 Rk AR, MS2 Wi iR A& T/
RLAR /N TR A 55 — 25, i B W R
T, Hoqm EHEA TSR R, EE S AN
WE WY KB EY, W E col
HS(pFamp)RP, 5 MS2 2K, YMI1 (Vs
KA 2 BERBAFEE(E. coli ATCC700891" 5 E.
coli ATCC15597H)",

VU R T R T S R R P B R 1
FER IR Z —, JB TR EEFHCaliciviridae)
W U9 B J& (Norovirus) (1 JC AL B R BE 1 B RNA Jg
HU S HAT, NoV B4 10 A4SFE 2R
(genogroup), A GI. GII Fll GIV Ryjaie N2
SRR AR DL o AT
IKRIREE AU 2 & S TR, BRI U B
BN AR e VRS A N 1 - €] |
F-RNA Wi 45 Db s SR i i s e 4l b
EPIEAEE R, [HIE G F-RNA W A 1R
MRS H 2 L GIT 8 F-RNA Wik zsls, 4
WHRRY], NGB RS 18 Qe 28 2 [0 A 7E BAE
KFZ, KL AN AR E T B B 8CE i B
S e a7 1 e o N (SR =1 B S
F W Z Il B E R LT = TRARIRIESY

ZE BRTR, RAOVEBFEURRE TS YMI
IR IE T EAELE SRR AR ML, U R
W BRI PR RA T S8 . K, AR
YM 1 B GRS B s 32, U
SRS QTR i s B S il s 2 /N v 13 1
. WHIEANE . F-RNA BERIA =& B 5 AR K
S FHLI B FEhi

P

1.1 #8
1.1.1 M

SRR i ok B T AR OB X R /N A o

(E. coli ATCC700891 )mE%EFﬁfﬁfﬁWi%
il AR
1.1.2 iEFE

LB FIRH: AL LB AR SR, AT A
YW TR B A PR s KB BRI
ORE @B 9RO (E
chromogenic agar, ECCA), Jtxt [+ A B
AR F
1.1.3  EZXAMYEE

PCR if{jf]& Premix TaqTM (TaKaRa TaqTM

version 2.0 plus dye), TaKaRa /yw]; FEffILA
41 DNA #eHULH &, KRR AL A R
ovuls SIS RNA S BGRH &, Bl
YW THEABRA W ; RT-gPCR & £ 151 & HiScript
II One Step RT-qPCR SYBR Green Kit, Fg LU
MEREE R IR AT PR\l 5 T8 PCR 5147 .
FE RS WA T AW TR (R A A R )

A PCR X, #é)tEH PCR 1Y, Bio-Rad 24
F]; Illumina MiSeq PE300 ll /%4, FiE3EE &
Yy 25 BR A
1.2 EFEHLPKFFEOFIE

1 g YMI BHEEERETIA 9 mL 0.89%4:
PR IRGIR S, VENERE 10 BRI,
WRULA 10 R ERRERE 107, BIIREL 107,
1074 A 1073 3 AMBERE IR 200 pL WA T
KIGH K AR R A (ECCA) |,
MREERE 3 AT, T 37 cClERKEFRAFE
HEF% 18-24 ho MRIERVE G HATHINT, BRI
MR s, RIBREEER R E)
ITACIY b FAN N b3
1.3 XKIB#FE 16S RNA EFI K R %
X8R

ML b A4 A B 3 1 % €0 B 7 % R R 400
# 16S rRNA JER BTV PCR B,  HiE5 14

coli and coliform
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A 27F (5-AGAGTTTGATCCTGGCTCAG-3"), F
W51k 1492R (5-TACGGCTACCTTGTTAC
GACTT-3)", PCR JZ WA Z (50 puL): Premix
Tag 25 pL, b, FF5IY(10 pmol/L)& 2 pL,
ddH,O 20 pL, FHAE Sk B B V& A A
PCR JZ Wi 4cfF: 94 °C 3 min; 94 °C 30's, 55 °C
30 s, 72 °C 1 min, 35 ME¥; 72 °C 5 min,
4 °CHR_AF . RMEZSHE L 1%3 R W EE I Ha kX
PCR Wi ATHa s, 25540 K/ N IER I 77 ik
A TAY TR ) B A R A A 1T
Sanger M7, K FLE RV PR S5 YMI Y
2 MREHITEE E. coli ATCCT700891" il E. coli
ATCC15597"7f) 16S RNA Jt[H FF 513747 Hu X,
SRR PR S S YMI B ATE £ 5 R
PITR. [FIE, PHEFSIFE NCBI 7EZ Mk
(https://ncbi. org/)i#EfT BLASTn FXf40#7r. Fak
45 J v 55 BTN K g A AR MR B 1 e A AR
Geneious Prime (V.2022.1.1) ## | MUSCLE
Alignment #1722 FFI N, HOX SR SCHSA
FastTree 2.11 PR RFE K EW; HEHRFEK
B S A ITOL Mufi(https:/itol.embl.de/tree/) i}k
17 4%8 -
1.4 WEFHRHSEREWIE
PRIOEA A i SR L Ti v, o R
F 5 mL 1 LB AR 3%, 37 °C. 250 r/min 1%
F% BB (ODgoo N 0.6-0.8) JHRUZF-HBE &
BPOTEARF MR B TR E . BANLA 1.5 mL
LB WA RN NIRRT, BliksE R s
HY T PBS Z2 opigi A B 10 A%, HL 100 pL
WS 1.5 mL LB RREARFEIRAS FFEA
B P CJZRE TR, RRBE R S B YMI W R A
W 10 pL 3% T AUZ A, [FETLL E. coli
ATCC700891" kX HE A5 A4 W i Bt T I
FE T 37 CHFEM PGS 10-12 h, WEKEFR
FEFR AR A WS R B B

1.5 {EFFiERh

U1 g Z8MEREME T 9 mL A4 0.89%:E FEL /K
W IRGIRAT, ERY4IE 0.2 mL FEEEBIMA
1.8 mL YM1 (10° PFU/mL)MEF AW, 76501
515 XFRRZEC 0.2 mL ZEMEEIMA 1.8 mL
0.89%AHEL K v, FEATIR S . IR 20 At B
HA& 205 B F 37 °C. 250 r/min 18 L% K H 4351
JF 12 h #1124 h,
1.6 YMI1 BEE KB4

Z IR RNA FEBOAT G U 5 4
BG4 RN BRZ A RNA, $2EUS A9 RNA
FHRT-qPCR ZEFHA TAX & 55041, LA SYBR-Green
Jge kb, YML & & EWESIh YMIF
(5-TCAGTGGTCCATACCTTAGATGC-3"), Fiif5|
¥ N  YMI-R (5-ACCCCGTTAGCGAAG
TTGCT-3")?*"", PCR JZ W 4 & (20 pL): 2xOne
Step SYBR Green Mix 10 pL, One Step SYBR
Green Enzyme Mix 1 pL, . 5 49(10 pmol/L)
4% 0.4 uL, RNase-free ddH,0 6.2 pL, #ifit RNA
2 uL. JZRiZfF: 50 °C 15 min, 95 °C 30 s;
95°C 10s, 60°C 30s, 40 MEH; Izl
&, REFFEHERERIA
1.7 16S rRNA ER B FNFS5F5 5

XF 3R 4 AREFRAAAE A SR ZEERE L NO 43
IS 2] DNA $2HUAGR &1 7.5 DNA 1Y
$EH, RBCL RS AR Ul Bk T, BV
() DNA I 1% 3 BEMRREE S FL DK A2 5 54 o

P 16S rRNA JE[HAY V3-V4 X1k, PCR
519 L2535 A W B 2 B AT BR A Rl A AR,
. FWE I A IR [E] ) barcode F T AL
MR A, EUFS49°4 338F (5-ACTCCTACGG
GAGGCAGCAG-3"), Tii#51%1°0 806R (5'-GGA
CTACHVGGGTWTCTAAT-3")*', PCR J Jii {&
%(50 pL): Premix Tag 25 pL, [ . TSl
(10 pmol/L)4% 2 pL, ddH,0 20 pL, itz DNA
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1 uL. PCR Jhi2&fF: 94 °C 3 min; 94 °C 30 s,
55°C30s, 72°C 1 min, 35 MF¥H; 72°C 5 min,
4 °CIRAT-

PCR {28 b ig 385 AW R A FHCA
FR 2> w] Illumina MiSeq PE300 AL T4 17
W A5 2 /Y I A6 K B 53 U8 reads 2T
S EAE 20 LR AIH8IE, SR G HRHE overlap ¢ R B
BN reads PHE S — 2575, [RIEXT DR 51 5T
TS, VP ERREEIC LA 0.2, fiidk
AFFETFEH, W87 50 8 R Wik barcode A5
SY/Ir S = N k95 | N 3 OB I R
BER 97%7KF-F QIIME (VL1.9.1)50 47 T-Hoke
I R A B AT R 91 3R 28 A 48 A 23 2K BT
(operational taxonomic unit, OTU), >kH RDP
classifier DI 3L %) OTU P I 2
2200, R E N Silval28/16S bacteria %X
PP, RS RPN EER, RE
H 15 3 0 D ALK He BRI/ R AS Ty 40 B A T4k
Ve, HETEREA R RS IR R g — R, I
Je R T & T3 o
1.8  #Zitorih

HR s Wy Tl v = BE R, 3 1 2 & KRS
K4 (Fisher’s exact test)%f 2 PEEAS[R] 4 FP =
JE2E iAo, EEFEXE R 0.95, R
MRS, F FDR ikt P{HFT 2 EA AL
1E, BEMEAKFER 0.052, P<0.05 F/RZESF T
%, ¥ 0.01<P<0.05 pricA*, 0.001<P<0.01 F7
IE*E, P<0.001 FRic Ay,

2 EREM

21 EEMEFREFRER

VA B J ISR B A T KIGFF i 5
KIGHEREROREFEHECCA) I, ¥3E 17 h )5,
107, 10711073k 3 AMBREE A AR 3K i 4t
CREVE LR OEYE, F 1 PRA 100 BE TR

RVR AR, A SRRV, B S
TRERETE . Hb 107 St FR Sk 44T
OREERNHESE, WA AT, 107
107 A b VRO BB TR, TRTR ML
22 EEPCRGRRAGLXEDH

A0 B S B Bk ke i 2 € B B VR R A T TR TR
PCR B3 UE, X 1% e HEEERE b /R 550 f—I1E
W) PCR WAy, 1531097 517E NCBI
W3 R Ef T BLASTn X}, 252 /s 5 26 0
Pk B A d5 e AR (identity) A4 B8 Rk 241 Sk K g A
W, HARRIESAE 99%L |, R BEFMERE S
FE ) BRI (7 4 P9 PR 71 7% I J 29 A
HNKBFE). YMI B HTE £ E coli
ATCC700891" 5 E. coli ATCC15597" ] 16S
rRNA 2K ILH 2 (B — 0N 99.6%, 15 F E.
coli ATCC700891" 5 MAEAE H 43 5 1 K B AT B
16S tRNA 3L K ) —BHPETE 96.2%-98.6%
6], 15 ¥ E. coli ATCC15597" 5 H — %k 1E
96.5%-98.5% Z [a], & W5 A v i 2 75 21 Y K
tFE S YMD CRE EAHFERER, YMIL
HA A& 118 Rk

1 EFMEFEFEER A SO
BRI . B SREL ORI A (BRI AT ) i 7%
Figure 1 Results of selective medium screening.

A: The blue-green E. coli colony. B: The purple-red
coliform (except E. coli) colony.
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WK ERERGELER, WE 2 fr
™, A ERSZE R EEN—,
H5 % ERBAEAR KRS, KRWABTA 2 Ek
Y& T RIBAFE, 0 Bsik 1-3 Mo ik 4-8 o)
BIRAEANFRREE, UL B PR Z 8] ) 2R 5% 0%
FWALRE, HEA 2SR 5E Ew AR,

351 4>, WAAEEFE 2 X EUH(ODsoo M 0.6-0.8)J5
FHRUZ - B kAT A Qe Btk , 45 R o i
A AR o B (- 3A. 3B, 3D,
3E. 3F), 1ifHEXTIR E. coli ATCC700891" f)3F-
M A WE AR YM AR TC IR A K HIE il 2455
FE I, WEREBE R (R 30). KK E

PEPEVE S 22 2L 00 1k 19 RIGFF A K 8 YM1 24
fift, AR YMI B91E F.

2.3 RS

FEP e 25 0 B K- Al B8 BT A Ak 8 PR R

97 Isolated strain 1 (OP804334)
Escherichia coli B10 (KU870318.1)
Isolated strain 2 (OP804335)
Escherichia coli 54 (MK621257.1)
Escherichia coli TYN 130606 (KX162658.1)
Isolated strain 3 (OP804331)
Isolated strain 4 (OP804329)
Escherichia coli CP66-6_Sichuan (CP053723.1)
Isolated strain 5 (OP804328)

Tree scale: 0.001 ——

77
90

95 Escherichia coli 44A (KP789331.1)
[solated strain 6 (OP804333)
Escherichia coli Ec-042-T5-MAC (CP086538.1)
Isolated strain 7 (OP804330)
94

Escherichia coli wz._1977 (GU272220.1)
Isolated strain 8 (OP804332)

Escherichia coli PAK/SA12 (MK778507.1)
Escherichia coli U 5/41 (NR024570.1)

= Escherichia coli ATCC 15597

— Escherichia coli ATCC 7008917

Escherichia albertii Sample 167 (NZ CP070290)

2 KAME ST B 16S rRNA EERFKLAE S @MW 775N FastTree, isolated strains 1-8 {0
G RAR I KBTI YY), Escherichia albertii Sample 167 432, Escherichia coli ATCC 7008917 F
Escherichia coli ATCC 15597" Jy YM1 HIE 8115 3, Escherichia coli U 5/41 B Htk; 55 WD
FPoE 55 sl ERIEUEZR B REIVN, /NTF 70 BIRER; AR LI &

Figure 2 Phylogenetic tree of isolated Escherichia coli strains based on their 16S rRNA gene sequences.
The tree-building method is FastTree, isolated strains 1-8 represent the Escherichia coli sequence obtained after
sequencing, and Escherichia albertii Sample 167 is used as the out-group, Escherichia coli ATCC 700891" and
Escherichia coli ATCC 15597 are known hosts of YM1 and Escherichia coli U 5/41 is the reference strain;

Sequence accession numbers of the strains are in parentheses; The value at the branch indicates the bootstrap
value and less than 70 are not showed; The scale indicates the genetic distance.
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3 YM1 BRFRAERBEIEER V(O FIZERN Escherichia coli ATCC 7008917 ; “F-Hi(A . B,
D. EFl F)l 5 AR IESR AT s HARES QIR PAURE R, W S R S B 1
Figure 3 The infection results of candidate hosts by YM1. The bacteria in the plate (C) is Escherichia coli

ATCC 700891T; The leaves plates (A, B, D, E and F) are 5 different blue-green colonies; The rest of the
blue-green colonies are not shown, and the plaque results are all negative.

2.4 YMI1BESHN

FIRIZ YL SIZIG AT 16S rRNA JE R 45 S 2y
T, RSN IR A R FF RN & YM 1Y
WiETE . R TIIE YML W5iETE RS T
FEfn, YMIL BB TERE L ARS8, SR
RT-qPCR AR % i 19 7 A T YM1 7E45
ai B AR AR O o 45 R I O I R h Ze (1A

AA) B —IEME, HIELAEMSR, UGk
SEVELE, PR, B PCR A
15, TIOR8, SEO0E S om EEN WrY
i, fSEIY AL E 4B B, %A YMI
J&, 24 h RPN CMEMN 184, /NF 12 h 1Y
22,7, XFRIEYE 24 h )5, MEFEH YMI ABCR
mF 12 h . UEBHBER BT R, YM1 2

A ; .
120F 124 700 =124 T T
24 600; _{i5" R
100} 5 b Fi2 R
= 12 5000 —C12 AN A e
o SRt Je ot oA o
= 80f - N
5 2400} y/—
& 60 %300; ///
T 40t 200! / /
20} 100{ 1./
65 70 75 80 85 90 95 0 10 20 30 40

Temperature (°C)

4 YMI1 EERNEMRIZ (A L (B)

RFU /R AHX T2 F A3 (relative fluorescence units); 124

A1 112 AR FIEGe 4 (infection group), C24 Fl C12 fRF X} HEZH (control group), N fRFAKZR %5 X}
Figure 4 Quantitative melt curve (A) and amplification curve (B) of YMI1. RFU represents relative
fluorescence units; 124 and 112 represent the infection group, C24 and C12 represent the control group and N

stands for blank control.

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



2370 WAEY

FiE Rk

Microbiol. China

fifedE EARAS T HGAE, MEHECER M, &Y YMI
WGBTS EAEAAE TRES ;s MR BRZTH 24 h
1 CAE M 28.5, KT 12 h ) 25.0,
25 YIMERSH

W 5 AFEASIN R IS A5 2 i B s A T 4y
Br, RIS 301 943 4%, FRFEHIK B
423 bp. FEF IS 97%R K-l

#z1 HIFEETHEEN OTU F5I# 57 2
Table 1

JPARIR B RUT S RSG5 183 4~ OTU, #
FE T FE S A B BN 1% R
others, OTU R FINERIAKEAT. B
J& . Bl AR R L ANER 1 PR, F2EES
ZE TR AT FE G KT 1%°89 OTU,

FE OTU 7K b & FEA A b =F B S A1 15 10
R 5 frx, OTU38 (Escherichia coli)fE J5 ik

Species classification of OTU sequences with significant changes in relative abundance

OTU 7] B & Fif SR
Phylum Family Genus Species Abundance of infection group
12h 24 h

38 Proteobacteria  Enterobacteriaceae Escherichia-Shigella Escherichia coli i 1
144 Proteobacteria  Enterobacteriaceae Enterobacter Unclassified ! l
11 Proteobacteria  Enterobacteriaceae Enterobacter Unclassified ! 1
141 Actinobacteriota Bifidobacteriaceae Bifidobacterium Bifidobacterium longum | l
75 Firmicutes Planococcace Lysinibacillus Lysinibacillus sp. l l
28 Bacteroidota Tannerellaceae Parabacteroides Parabacteroides merdae | 1

IRJF PSS, S IR L,
X EEREAR; AR ARG EZ OTU

JERYLAUAE 12 h A1 24 h HRXFRL OTU A9 FEBEASARIB L . 13 nAXT SR BESE s | 3R Al

The last two columns represent the changes in the abundance of the corresponding OTUs in the infection group at 12 h and 24 h,
respectively, compared with the control group; 1 indicates an increase in relative abundance; | indicates a decrease in relative

abundance; / indicates the OTU was not detected.

1.0 -

0.8 -

=
(=)
T

<
=
T

Relative abundance (%)

02}

0.0

C12 12 C24
Samples

B 5 OTUKFLE&HFABIBEXNFEEHMK

W OTU38 OTUl16
W OTU139 © OTU71
B OTUl67 mOTU19
W OTU141 mOTU37
mOTUI 0TU92
mOTU75 mOTU83
M OTUl64 mOTU102
W OTU28 mOTUS2
= OTU34 Others
W OTU79
W OTU117
mOTUI144
W OTU8S
W OTU45

OTUg4

OTU176
W OTUS0
W OTU42
W OTU32
W OTU43
1 OTU157

124 NO

Figure 5 Relative abundance composition of each sample on OTUs level.
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FENO R 6.53%, TERRY 3 B g 2
Hbi B K, J 87.97%-98.00%; 2] Tk
4, ¥R OTU3S 2L S FIE, (HARXTFE1E
NI . AT RE S OTU3S B AEE L (44
B, BRGSO R RRE . B, A
YMI1 J&, OTU38 EREAEARFEAL, Kifiie &7t
=, RAGIET R R AR YML 1E .
FETHEA R F RS, Wk 2 Pow,

s SR KBTI A X 2 AREAR A=

#2 BMEAYH OTUWEMEERFESR
Table 2 The OTU relative abundance in each sample

BEVE Z (B R EA TR A 56, PEAG P Fh=F i
ZFR B EWAKE, R TRARR B EEES
P, E6A. 6B IIRA 2 4 HFEAR Y FIARXT
JEBME S RHEA ZERT 15 19 OTU,

H T OTU38 7 2 ZH £ FE X 7E 80%L |, H
IR p RIS BT, B TR R4
Mr, 228 OTU38, %t 12 h 124 h HhHA OTU
PR = B AR LA 743, aniEl 6C. 6D i
~, KB OTU144 (Enterobacter-unclassified) .

Group OTU38 OTU144 OTU11 OTU141 OTU75 OTU28
Cl12 46 492 768 1371 528 1296 1

112 51289 25 95 200 0 20
C24 42762 988 840 962 2096 24

124 46 037 134 994 125 9 2125
SUM 186 580 1915 3300 1815 3401 2170

G2 THES AR T 1% OTU FEE(FHIED, Hoa OTU WFEEARSI, SUM 81k i fEAS shiz b 42 B2 2 Al
The relative abundance (number of sequences) of OTUs greater than 1% in each group are listed, the abundances of other OTUs
are not listed, and the column SUM is the sum of the abundances of the species in all samples.

A -, C2
iy 02 95% confidence intervals Pyalis
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otus4 | ® w0t
oru4s | ® o <]x10718
oTu40 | ) w1101
OTU167 | ® o < ]x]0718
oTuU139 | ) % 0,000 148 7
oruss | ® e )] Q15
otuls | @® " [x]01S
oTues ! ® wew <]x]0-'5
OTU176 | ® e <]x]Q10
oru117 | ® w01
AN LNSN RN (BN (O N (N N S L I L L | | f L
0 20 40 60 80 -10-8 -6 -4 -2 0 2 4

Relative abundance (%)

Difference between abundance (%)
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B
m C24
. 124 95% confidence intervals P value
oruzs [ = : = <ix]0
OTU28 |m e [ s <]x]05
oruzs ™ : @ *** <Ix]0"
otutt § e **% 0.0003106
otui4s P ) " <]x]015
otui4l | I w108
oTu42 | ® s <1018
oruss | ® 0.408 4
otuss | @ wor C]x](1S
otue2 | ® o  <]x]0S
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otuzo | ® sae <]x]0-1S
| 1 1 1 1 1 1 1 1 ] L 1 1 1 1 1 1 1 ]
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Relative abundance (%) Difference between abundance (%)
€ = 1(21122 95% confidence intervals P value
OTUIl [ ——— : ® i 555
OTU7S [ ——— : ® oo 1105
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oTU176 [ ® oo <|x]015
otui17 ™ ® wwe <]x]0715
otu70 [y ® #*% 0,000 009 036
L | | | | | | | | | | | | | L | | | | | | | | | |
0.00.20.40.60.81.01.21.41.61.82.02.22426 5 4 -3 2 -1 0 1 2 3 4 5
Relative abundance (%) Difference between proportions (%)
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04 95% conﬁder:ce intervals P value
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6 (HEMENFEEERMTHLEN OTU SHHEME  A: 12 h AREBEVEZERA 15 8 OTU 2 AitkIE
K. B: 24 h BB EVEZZ AT 15 19 OTU AL, C: 12 h LBk OTU38 Jm 41 [ i 2 14 22 5l 15
) OTU 73 AAEIE . D: 24 h 415k OTU38 Jm 411 #1422 51 15 B9 OTU 0 AAE IR &L, [l X By
BOE R EAF D], [ O 0 F BBL S W) I AE A A oA = B 2508, 1R R S A = B o R
g, B A TR R S 2508 b R RRME

Figure 6 Histogram of OTU distribution for the significant differences between groups relative abundance. A:
Histograms of OTU distribution of the top 15 significant differences between 12 h groups. B: Histograms of
OTU distribution of the top 15 significant differences between 24 h groups. C: Histograms of OTU distributions
of the top 15 significant differences between 12 h groups after removing OTU38. D: Histograms of OTU
distributions of the top 15 significant differences between 24 h groups after removing OTU38. The middle area
is the set confidence interval, the value corresponding to the dot represents the difference between the relative

abundances of the species in the two samples, the color of the dot is the color with a larger proportion of species
abundance, and the I-type interval on the dot is the difference the upper and lower limits of the value.

OTU141 (Bifidobacterium), OTU75 (Lysinibacillus) — FFEAALE MM OTU7S #l], H 24 h % iR4H
Ml OTUI1l (Enterobacter-unclassified)%5 7254k . FEEH 12 h XA FEETE; OTUIL 1E 12 h
¥, Hrh, OTU75 (Lysinibacillus){E 12 h #1124 h  ZHAFRERR OTU3S A, 78 112 B ek
M RELH B L ) F Y B REAL, 12 h 41 0.18% , /NTF# C12 1 5 i 2.62%,
HM 2.48%F% %] 0.00%, 24 h 2L M 4.00%F%E]  P<0.001, Z5HABEME, HEFE24hdHPH
0.02%, 2 4 P {EH/NT 0001, ZREARE  FEDBMKREL 12 hArhryEs, R4drFE
P 5 1 OTU144 (Enterobacter-unclassified) fil KT C24, WREEH TRNEI I AJIER , FEA,
OTU141 (Bifidobacterium)ft 12 h #1 24 h ) sp AR T HAE n & 22 iy A8 1k
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VAR, 157K B A 7K o i i T 0 575
B E B AR A I DA 4, I, dE17K
A e i T 0 7 R A D XU S At o T o R 4
Hil v Qi s SR I B T R IR U, BT
THFSY EEUCK F-RNA W B A VR DAL PR i
W B IR A P AR YMIL 2 A SR AT A
A RO B AR R ) — Rk F-RNA BER (AT,
FER Y9 5 R MS2 FIARIE N 92%, H
[Fl—J@, MS2 15 EZ2 A EAEE BN K
PR FRATAIBFSE R YMI AURRAZ0A 2
KIGFFR K, S B R R E BRI,
I, AHIFGE 1 JE R B R SR 30 e 5 T
YMI FAVEERE R B RIGHFFE, 8 55 YMIL i 47
Ry 2m , 450 R4 245 B B KIGFF I
TCWEREE Az . [FIE, @A YM1 2 BRI
15 16S rRNA 2K 5L 741 5 k15 211 K iz
FFIR 16S rRNA 4 KL K751 iE 47t 438 &
B, WA S EATE S 100%IEE TS, &
BERBAHTEIR, BRI R S 18 E 500
RBAEAFRRZ L, RENERE B2
PAFF AN YML A iE TR 32, YML 18 B4 5
PR

RN YML (97 E R R IR AR TREA
B S FeA TR AEAS R YML HEAT T A E 4
Mro BBURGAIH YMI AR BE Bl 55 32 0] A
ER TG, 28] YM1 B9%E EANEAE T A AR
W BRI, XFREZH AR YMI (¥R B2 Rl 25 15 27 i)
HER T FAAR o Liv SEPURIE T 4 MR IHAT B
PARTEATE] MOL T X RMFF B IR AR, 45
REH, A 3 RWERIRTE S MOIL T P B R
FG  JRR 2 HP R 1 I TR AR T BB A 2 A
RGPS LT, AT ARSI BB o AHHFE ipovt i
M A BB AR S D, AR TR, 15

40 T AT BRI S 22 Fh b e I ATL i BEL T A5 A
PR IEE T, B 24 h XL YMIL B R
Wb

N T A8 YMI M IESE F, AR
F 16S rRNA LA - e A AN YMI A7
TEMATERE T o 9738 500 38 H W R e it b
AL S 2 R S A5 L, AN SR oh  F0t
CAIWEIE A YM B g R0 8, a7 Hr gk
Lo 55 XF RREHAE b 22 SR I TR AR DTS 30
e ERTEH . AR —IL47 4 4> OTU MK
TR KA T R, 43 AE OTU7S,
OTU141, OTU144 DL 12 h 4P OTULL,
HIMEASE A2 #C2 H AT 202 1Y ssSRNA
I T A S MR B 7 % PR BRIP4 g 128, il
Olsen V53 g6 Y U ME IR /& PRR1HAE F 435 £
P 22 A MEAN R, U R B B (Pseudomonas
aeruginosa), KFFFH(E. coli)% ; Klovins Z5:B%
SRR AP205 HAE BN AT H R
(Acinetobacter) itk ; Olsthoorn ZEP3 81 H 1
WA PP7 15 0~ Pseudomonas aeruginosa.
NS TR AR T e 5 A R R T8
JE B ] (Proteobacteria) i v-7% & B 4N (Gamma
proteobacteria), CHIEH A5 E ssRNA i
PRI 1 52,

OTU75 J& THIARATHE, J& T4 2K
PETR , 78 PR 4 rp i = B2 00 REZH 14 (i 25 e
fik; OTU141 Ny XUEATHE, J&—FhaE 22 [RFH
PEL AR IR E R B a5 A B, TR N TE
SEFEDY AR A b A T B A 2 /N B
4l BT HATEHGER F-RNA B R R R fE 3
Y IR PER, Rk OTU75 i OTU141 3=
JEREAR A IR IR IH A T YMT BFEAT, EAK
ANEAR, H o YMI PSRN E 18 0 ] BEMER/ N
i OTU144 fil OTU11 5%# KEEFRE T y-4
& W 1% ¥ & Bl (Enterobacteriaceae) I

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



X F T 5 F-RNA W E K YMI I 3E e £ i 2375
OTU144 #1 OTU11 }:ﬂfj\j YMI1 ‘Weff:ﬁ F ] BETE groundwater[J]. Applied and Environmental

R AR HLARI 25 TG B — 2 1 4y B R Y 52
K ARG R, (AR E’JIE %ﬁﬂ 551
FRAN TR A AR, e EE ) 22 7R TR
5 RIGFFER R —FeE R S A, 47 80
SAIREE T IR A AT AR AN R T P R U, T 1 25 4
WA A T IR B, F4k OTU iy A8k mT
AEJE F T 20 B8 X PR B ANE N 3 B0, X X AT
T YM1 BB TEE TS E T

JEiE, A F Rl mfess ¢ F-RNA
Wi AR YL F BORL(HLAT F ) RERS IS SE
W UATRE M 5 R B2 IRTE, J5okR Fredifsh

, T F 2 AR R Frlol, Rk, ks
7(% F J5ORL A 4N IEIEIUJ/E%J—F#%/FH% (R A5, DA
R ARG YMI 15 R

AMEE T EAE T BE PR B SR I % YMIT FH
PEERE BRI, 454 16S rRNA KL 314
TR 2 54k YMI (736 s L 45
HREP R BFF AR YMI B s £, [FihE
1 16S rRNA JE K 1 I 7y o A e A v 22 S
PRFP AR AR 2 Rl AT R AR S YMI ()
TETEATETE 3, (AT 38 ok 1 — 2 (R 0 ik 3 5 LA
FAZ YL BG A TIAE , 3 Ry Ji5 2 1 S 56 B T 3k
fill, [AJEHE FH 16S rRNA LR 3810 3 5 /A
YM1 Wi 1E 3 5k e e AT E 09 T AR
HET B
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