FERANFZEARSTEAEESESHNEPHINATR

Eeg, mFEmM, AER, Esist', st BE, FRR (L AL 2SR BB H R R
WAL, WEVT FFIL 3160125 2. v [ RFE BRI SE R ARSI | TR 2 A 12 O 5 o, o L2 o s ik TR 2 T S0 56
% YN 518055)

HE BN EZARANSEES ST EEEEFRNR P REA, ik ABELBARNEEf 5 B35 E R st
e R 2 BAR M R RE AP TS R R, KA E AN A4 R il id MetaPhlan = StrainSifter 2 443147 1 4%
KT HH, BER ZEAEMNFLIN, B RLRE PR RFGHFFIAFETE, L2555 BI8 5B A HI2 F4 A4
6 A FOAT A, BEREANG AR T £ BT W 5 MM S I B A F R R At X R B
(PCR) ¥ 3 2 B gyrA Fo panC /55| M NJ BHACH, AR S 455 55 5 A (MLST) , 4 R 3 B 725 &% BIS P oy ¥ AT
ME RN HR 9 AR, 18 ZABEAMNSFHEARZTRS, BARERE S 24D LNLAHERES @ E %
H, B B LA AR AT B ARRF IR AT, BB R T R RS RS HR T A TR0 m N ME,

S4B R A BN A AT A PCR; 22 8RR R B %5 B A R
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Evaluation of the Application Value of Metagenomic Sequencing in Identification and Tracing of Bacteria

Contaminating Drugs

YAN Zhuoyan', TAN Yuxiang’, LIN Jiheng' , XIA Yingying', SUN Ying', CUI Jie' , HUANG Zhuliang' (1. Nation-
al Ocean Food Quality Inspection Center, Zhoushan Institute for Food and Drug Conirol, Zhoushan 316012, China; 2. CAS Key Labora-
tory of Quantitative Engineering Biology, Shenzhen Institute of Synthetic Biology, Shenzhen Institutes of Advanced Technology, Chinese
Academy of Sciences, Shenzhen 518055, China)

ABSTRACT :OBJECTIVE To investigate metagenomic sequencing in the identification and tracing of bacteria contaminating drugs,
and evaluate its application value. METHODS Both metagenomic sequencing and isolation culturing were employed to identify and
type bacteria in two batches of Chinese patent medicines and environmental samples from the testing laboratory. The metagenomic
sequencing results were analyzed at the strain level using MetaPhlan and StrainSifter software. RESULTS The analysis revealed a
substantial contamination of Bacillus cereus-like organisms in both medicines and environmental samples, with the presence of the same
B. cereus-like strain in medicine B18 and environmental sample HJ2. Through isolation culturing, five B. cereus-like strains were
obtained from the medicines and environment. A phylogenetic tree was constructed based on the gyrA and panC gene sequences amplified
by B. cereus-specific PCR, and multilocus sequence typing ( MLST) results, all of which demonstrated that the B. cereus-like strain in
medicine B18 belonged to the same group as one strain from the environment. CONCLUSION  These findings indicate that metagenomic
sequencing technology is reliable and has advantage over isolation culturing in comprehensively detecting potentially hazardous bacterial
species and accurately performing strain-level traceability analysis. It holds significant application value in identification and tracing of
pharmaceutical contamination.

KEY WORDS: Metagenomic sequencing; Bacillus cereus specific PCR; MLST; drug contamination; bacteria identification; bacteria

tracing

24 b A W A i 24 o SRR DR P B B2l
o1, 25T Qe E AN R R R 2 e (A 2
AREfE M BB E e, B GMP R
PERIZY ity 4 [ 6l J3E X 24 iy 22 2 A7 A, 24 dh il
Vs Ge AR A A A o 2013—2019 4F 4801
I SE R RORRIE | H ARG N 2 b 4 191 261

EEWE WL 25 MR BRI A % B (2023010)
BN R, B ORI 2 A R WA TR Y

T E 2528 2024 4E 6 H 5 59 5 11 )

w428 YT 1 MM TG Y, o 24 A 3 T AR
3.86% ", fESE AR IR I KA I FLRE XS T LASE
FR A AT RGN T A 25 B 58 v AT B % G
WAL (5 A AR R B 240 19% ) R B 3R 4
R AR N B A B ARAE 73 P i A= W 2 R B LA
VRS TSE PSR T T B
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H Al 2 3 R 2 W 5 32 28R h 7E 4 A Y & oK
-, BTSSR A rp 20 B P 4 P 2 B LA
BOmpig R0 LR IR 2 RS A0 S
SEZ ML AR S il I R R 4 A
A T, 2 R DR 2L 000 5 A oy FH A 400 T 1 o 7K
BN AT RE o XA AS AT ER BT h A [ B R[]
AR B 2B, A7 B T U0 B R IR A 3 5Ok &R SRl g
M5 Jeikta o R R 2 T R K- 20 20 FH B B
TG Y I PR & R IR S e (EUE
AAT 24 ity b G IR0 A AR DG F e 4

T TR OKF- 3 A, 280 3 Jo 5 2% Ak
HH (TEZ) WHBEIIITIASHEREA (%)
I EEXS TR o A 2 LU IR BT 43T 7 1k 34y
LT BAZAF IR 2 A1 (SNP) HEAT IR FIAE T 2L
ZH %, (genetic constitution) 2255 #EF7 H 51 W Fh 43 #r
itk BT SNP [ 43 A 5 50 B bR 20 B SR 1 2
Ui o P FH P 2 ik PR 2 580 v B K A 15 . L T8
P R BN R BT IS % 7 51 (4R 2 B,
FRic &) 1Y beowh 4 AT SNP A7 a5 1) 55 3 ]
FEXF B 3 BT, i J AR 3 2 L9 £ 6L, RS vk 1Y)
AU Horh MetaPhlAn'™ AT LR g 4 A 5 437 2
RPN ARAE RS, AT StrainPhlAn"?
Vb5 9 IR AR, LA StrainSifier
PRI T A PR AT SR TR B 110 7 B DR 2 i
0T, BARE 1 IR RSN 1L NS HILFA L (HERE
A TR R FH O PP 50, 2 P T DR 3 O oy st A
FEh PR A TE R E R OS2 o RIS 20
] 5 7 B4 StrainPanDa'' 1 PanPhlAn'" | H
H PanPhlAn H Sz 451> R il ) 56 DR 5% LU 4
E AL it [B] R AEARARR B, TGk i AUl A7 T ik, i
StrainPanDa 7£ H AR 4T T 15 & AT, BB St F
VTR ALY J8C L BRI 0 B PR o (ELX AN D5 v X
A [R) 28 BRI RE i B 2R B o

ABIFFERS P 2 R A B PO B4 5 BURE 2R 1 7
3T, BT R DR 2 P B , 8 i MetaPhlAn b4
THREASHIEREE AU, FF-FFA T StrainSifier ) 7E
BTETS Yo ARGl G IREAE N S IRt — 1
S8 H A SR Hh T e A A v B TR . S 24
15 YA 1 S8 R B AU T IR 225

1 KR EEZNFSIXF
L1 St bt
S VIR P AL R B2, g3 D LR A (4
5 B18) MR I HE (45 B20) o PRETHEAS UK
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FECr ol 95 HIL A1 HI2 ) R4 A AR Be 25 5 R
PIBR B A &, A6 T TAE G KR 1A
ERAE N BL 0 JC P T2 R TR R L S 6 P R T R R
WG FRIE(TSB) Al pH 7. 0 SUALHNEE RS Wil
L2 (UEFMRA

K5 (DK-S24, | i 4 o 50 I i 4 A FR A
Al s 5y A (HTY-T61, Wi VL2 Ak A i Bk A TR
) ) s 18 i 55 7R 4 (KB240) (& [E BRAND 24 #]) ;
PCR 144 ( My Cyecler) 7K -1 kY ( Mini-PROTE-
AN Tetra) BEE R E & 45 (Gel Doc XR) ( 2 [ BIO-
RAD A W)) ; 42 B gl P il AR W) BT 3% & 48 (VITEK
MS) \4x A il AE W) %€ K 28800 B & 48 (VITEK 2
Compact) Jl| 74 ( NovaSeq 6000 sequencers ) ( 3 [H
Mlumina 23 %)) 5 Ezup #3202 5 55 41 DNA $l $2 1K
& (B518255-0100) ( FifFAE 1) 5 BRTER IR K S ik 14
FL AR 5L (TSB, fit*5- 20210608 ) | 5 /% i K 7 BB 1%
FRHE(TSA, Hit5 20220505) \pH 7. 0 S ALHNE H R
2 v (415 20230807 ) (T & i (A= MR AR A7
FRATD) s E SR EUIG (L5 230908, b 52 Fifi 477 2 A 1%
WAHBRAA) .

2 KWHE
2.1 HAXE

Z: #2020 AERR( b E 24 80) PO 1105 JETCH ™
st A ) PR A A 1%, 0 1 DX TS TR A% 1 PRI
B 10 ¢ TE D ICEARH, A TSB i i 100 mL
PECHR, SRR IR LAR 5 IR SIRE i« A S 7
45 COKH TP IERTIR R, 7 RIZRAE L BT A0 A8
9000 r - min"'J&%J 1 min, Bt 1 mL {3 /] pH
7.0 FALENEE PR ZE iR AT 10 AR RS, UL AN
LiE 2 ) B 1 i | AN /o0 e 11 RO 1R 93
KOTEREHE IR A (TSA) 7E(32.5 £0.5) C#fr5 d
WA B IR, T R (S5 BIS F1 B20) 7E
32.5 CHEFRAEHEFR 18 ~24 h SR RAE il T
A TR PR W) AT 5 DR 20 il 2 R0 o2 BE DR 2 0 )y
O30T [ P AR R I A T T8 e
i KRS S A% TSB B3k pH 7.0 ALl A
JHRZE v S R R A AS BN [R] Y TSA P-4 B AT
1RGSR ARG K A R Y T TR AR 25 R[] —4%
TSB 5532 (45 HI1 F HJ2) ,7E 32.5 C}537: 18 ~
24 h JEikfE LA T T2 R R AT
2.2 ZAFANFREHRAF 247

T R A I e vk R R AR D
( NovaSeq 6000, Illumina) , H. 14 & & £ #5 35 K 246

2524 2435 2024 4E 6 J155 59 B4 11




DNA FBefls SCPRAE SO S Fn o 000 e i
4387 v ] MetaPhlan ( MetaPhlan—4. 0. 2) Fl StrainSifter
B, MetaPhlan (i HIERIAS ) 2] FH DL Hox T
H bowtie2 5 2 [ Bk X 4 (marker ) % 45 4 (mpa _
vOct22_CHOCOPhIAnSGB_202212) #E47 Hb X, X 72 &
R 2 0 5 A0 R A A A o TR AR S M A E 20T
BRI B8 hy 2 L0 BE DK 2 (9 5 | reads 55 marker [1)
e XF A1 & &= W 3 8, StrainSifter ( https://
github. com/bhattlab/strainsifter ) {ifi A . snakemake
R (default Z2%1) , ] GCF 002220285 £ h 2% X
PRI AT 4 JE PRI AL 1Y SNP 4347
2.3 BEEL® AL R

F42 2020 AR [ 2 8 ) DU FRAE JC B s AR
PIFRBEAG Ar ik, i S80I ] TSA JE R BE1E 32.5 C
F25 do BRMET- BT PRI TRV 28 R 35 B
AT Bt o B Ak 1 20 TR A 7 3 A W
(VITEK MS) Fifl 4= ¥ B 3 % & & 48 ( VITEK 2
Compact) #4747 , [A] I b 1A= TR0 A% 240 1R &
DRI ZEA A a7 AR IBCRE R 20, il 2o 16srRNA 22K PCR
P HGII R BERE 2 AU IR ( Bacillus cereus ) R 571 PCR
SR AT 3T U5 o AR S SRR 51 PCR SR H]
PIGHEDIRI G| M W2 1, PCR 4744 Mk A T
A=) TR AR R R AT R ) I , 4 0 [ 0 - P 424
SE i NCBI By BLAST bt 45 515 31 AH 0L B &%
B, IE A MEGA 11 82k ] K2P 5803 F
Bootstrap =1 000 2444 %E Neighbor-Joining #E{LAR

R R ATH AR R0 PCR B K5 4
Tab.1 Specific PCR primer pairs for Bacillus cereus

Gene Primer PCR Reference
sequences products/bp
gyrA  F:GCGTCTGCAACGTTTAACTGG 1 084 [14]
R:TGTCGCTACCTCTTGCTCATC
panC  F:TGGCCCAAATGAAGAT 600 Designed by
R:TAACTGCAATAGCTAAAATGAT this research
cry F:AGGACCAGGATTTACAGGAGG 1 600 ~1 700 [15]

R:GCTGTGACACGAAGGATATAGCCAC

2.4 BT AR A

HR4E PubMLST Databases H7 Wi A% 27 1 1 22 3L
BP0 B (MLST) J5 28 (http ;. //pubmlst. org/ organ-
isms/bacillus-cereus/primers ) £ £t 7 ME R ILH (F
2) 4T PCR Y34 4 1E SO a) 5| 904 38 77 4y vy I
S5 RHATPEE I 4% 2 PubMLST Database #1753
KT FI LR, 75 BIAARL Y Aelle 1D B HXF it i) 7 A4
NPT E AR J5 A5 B R 1 7 51 25 A MLST

T E 2528 2024 4E 6 H 5 59 5 11 )

profiles, Xf T4 J& [ AL 5 Fl 2 A5 07 1 22 57t /Y )
B i) B8 PR SR S P 7 0 R R A S R BT Y
Y ESHRS (ID) FIF S8 (ST) o R FH1EZ BURST
(n-4) FE AT 7Y BRI 1M o

R2 BHFRATET NG KR PCR ¥4 5] 40 BOA& 1
Tab.2 Primer pairs and PCR conditions for seven alleles of

bacillus cereus

Gene Primer sequences Annealing temperature/°C

glpF F.GCG TTT GTG CTG GTG TAA GT 59
R:CTG CAA TCG GAA GGA AGA AG

gmk F:ATT TAA GTG AGG AAG GGT AGG 56
R:GCA ATG TTC ACC AAC CAC AA

ilbD F:CGG GGC AAA CAT TAA GAG AA 58
R:GGT TCT GGT CGT TTC CAT TC

pla F:GCA GAG CGT TTA GCA AAA GAA 56
R:TGC AAT GCG AGT TGC TTC TA

pyeA  F:GCG TTA GGT GGA AAC GAA AG 57
R:CGC GTC CAA GTT TAT GGA AT

ipi F:GCC CAG TAG CAC TTA GCG AC 58
R:CCG AAA CCG TCA AGA ATG AT

pur F.CTG CTG CGA AAA ATC ACA AA 56

R:CTC ACG ATT CGC TGC AAT AA

3 & R
3.1 EERANFEKKFSNER

Sk P RO o A% | DR B R 2R A1 s 2 W)
FfE R L2 3, ZF A0 TH IR (Bacillus ) W5 FE 25 0 FF
PR AP E P24 AR A RO R B AR A HI2 vhof it &5 i
S5 v P10 Ja Ao, 0 S ME — T A i ARG 0 B 5 v S L
AR ASHHF 8 (Acinetobacter ) LEA5 I 235
FEACHIT A HI2 w5 & 43 ) 8 —Fn s — 1
FAERE S P A B, HERR T TS L ] fg
MetaPhlan £ (5% 3) .78 B18 il HI2 rf & A5 #H ]
) 5 A ZF F AT TR 2 SGBT697 , W 4 ) A7 78 45 I 1
SEXFRE R TS g T A5 S B AT Y StrainSifi-
er JJIEIRIELS R (K 4) , @7x BI8 5 HI2 fy & A
ZH SNP 22576 3 AAEA B W5 5 L A b e/, it —
HARIE T MetaPhlan Z5 SR B HEN . 25 B Jrik , PIFH
T A 3 5 L 45 IR ] B18 5 HI2 dicdk
I, W7 T RE TS G R
3.2 BAZEEAKREERSE

TR R A P 45 8, FRA T R R TETEAE
RS ) B4 555 v A7 78 B A 2 S AT T HE . DA
B18 \B20 145434453 1 BRANE (43 5% % 54 B18
1 B20) , WK PREEAEAS b 73 B9 45 21 3 kAl 1 (o3
A g5 HI-L HJ2 HJ3), LA b S BRI
16stRNA Ul A 7% 5 VITEK2 compact %58 &
GERI LRI G U RE 2R JAT I RE , JCIL S E B Rh . 4
& gyrA \panC Hl ery B[R PCR 9B 45 21, i 5
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R34 AMHAEIERE AN 7 AR AP 247 7 MetaPhlAn % %

Tab.3 The strain-level analysis results of four samples by MetaPhlan

Sample Genus( % ) Species( % ) SGB(% )

BI8 Bacillus(98. 9 Bacillus cereus(98.5) Bacillus cereus SGB7697(98.3)
Priestia(1.0) Priestia megaterium(1.0) Priestia megaterium SGB1678 (1.0)

B20 Bacillus(99. 4) Bacillus cereus(99.4) Bacillus cereus SGB7703 (94.4)

Bacillus cereus SGB7697(4.9)

HJ1 Acinetobacter (100) Acinetobacter radioresistens(100) Acinetobacter radioresistens SGB10375 (100)

HJ2 Bacillus(56.9) Bacillus cereus(56.9) Bacillus cereus SGB1697 (56.9)
Acinetobacter(38. 6) Acinetobacter johnsonii(38. 6) Acinetobacter johnsonii SGB10398 (38.6)
Pseudomonas(2.9) Pseudomonas oryzihabitans(2.9) Pseudomonas oryzihabitans SGB12309(2.9)
Niallia(1.6) Niallia taxi(1.6) Niallia taxi SGB30277(1.6)

R4 AAHAZERANFEHAT A SraniSiier BE 4 5 BRE panC Bl gyrd L FEFI (B £ NC-
Tab.4 The strain-level analysis results of four samples by BI %2 % 3149 3| Genbank J#%12) 5 NCBI T #k1y

StrainSifter WERE ZF f8FF 3 ( Bacillus cereus) | 7 = 45 2 {0 FF
S“‘"‘Plesl SNVe Bases ) D“"’““Y ( Bacillus thuringiensis ) | # R ZF 0 #F & ( Bacilus
compared compare ratio/ % mycoides) . j(ilz ‘]i §%@$:F ( Bacillus pacificus ) . %

BIS to HJ2 48 772 4546 132 1.07 e e o ) ] )
B20 to HI2 65 139 4 066 579 1.60 TE=ZFMUAT I (Bacillus wiedmanni) (] panC FlgyrA
B18 to B20 77 754 4141 063 1.88 I FY) —F M N e (E 1 ~2) 45581

s HI-3 55 RE 2 AT T fe 4 i, B20 5 ORF- i

PCR Y57 45 5 Ry BB 2EfUFF 1 ( Bacillus cereus) sk 24 AT 16 & #2 3, BIS &5 HIJ-2 f # 31, H Rk
SEEZEAUAT A ( Bacillus pacificus) (X B20) (£ 5), i HI-1,

RS HRELSERES RAW M 16sIRNA 2K 7 FRAF W45 7 PCR £ 24 R
Tab.5 Sequencing results of 16stTRNA and specific PCR products for the five cultured strains

The BLAST result of

The BLAST result of specific PCR product (identity/% )

Sample
16sDNA. (identity/% ) e PanC ory
BI8  Bacillus proteolyticus/sanguinis(99.93) Bacillus cereus/thuringiensis( >99.5) Bacillus cereus( >99.5) No PCR product
B20  Bacillus tropicus/ nitratireducens/ luti/ albus/ paramycoides (99. 66)  Bacillus cereus(99. 81) Bacillus cereus/pacificus( >99) No PCR product
HJ-1 Bacillus cereus(99. 86) Bacillus cereus/thuringiensis( >99.5) Bacillus cereus/thuringiensis( >99) No PCR product
HJ-2  Bacillus proteolyticus/ sanguinis/ wiedmannit/ cereus( >99.7) Bacillus cereus/thuringiensis( >99.5) Bacillus cereus/thuringiensis( >99.5) No PCR product
HJ-3  Bacillus toyonensis/thuringiensis (99. 47) Bacillus cereus/thuringiensis( >99.5) Bacillus cereus/thuringiensis( >99.5) No PCR product

HIJ-2 OR608239

6500000
o9 RoL0LS S0 B18 OR608241
0,008 1 :
- g H-10RG08237
00442
0 00033
00074 s Ta035— -3 OR608238
00002
00000
00402
00078 o4
o8 00274
00207

0.003 6

100 00033 B20 OR608240
0.0113

NZ CP086328.1:¢3602199-3601351 Bacillus pacificus strain anQ-h4 chromosome completet genome

NZ CM000753.1:1393879-1394727 Bacillus thuringiensis serovar berliner ATCC 10792 chromosome whole genome shotgun sequence

NZ CP017060.1:1504387-1505235 Bacillus cereus strain FORC 047 chromosome complete genome
NZ CP035997.1:¢1258471-1257623 Bacillus mycoides strain BPN36/3 chromosome complete genome

NZ CP032365.1:1488907-1489755 Bacillus wiedmannii strain SR52 chromosome complete genome

1 EF5AwWAM NCBl S F AT A= e F AW RFEATE AT HFF AT E B R AT panC £
H 77y NJ 2 i

Fig.1 NJ trees based on panC sequences of five strains and Bacillus cereus, Bacillus thuringiensis, Bacillus mycoides, Bacillus pacifi-

cus, Bacillus wiedmannii from NCBI
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88 [0.0000 HJ-2 OR608234
100 el 00000 B18 OR608236
0.0253 :

94 0.0017
0.009 4

HIJ-1 OR608232

HJ-3 OR608233

100 0.0000

0.0029
0.0000

0.0426

100 0.0196

0.0450 99[0,0000 NZ CM000753.1:¢5090335-5087864 Bacillus thuringiensis serovar berliner ATCC 10792 chromosome whole genome shotgun sequence
LY NZ CP017960.1:6196-8667 Bacillus cereus strain FORC 047 chromosome complete genome
NZ CP035997.1:¢2774327-2771856 Bacillus mycoides strain BPN36/3 chromosome complete genome

NZ CP032365.1:6189-8660 Bacillus wiedmannii strain SR52 chromosome completet genome

0.0347 100 [0.0041 B20 OR608235
00179 NZ CP086328.1:¢5088669-5086198 Bacillus pacificus strain anQ-h4 chromosome complete genome

0.004 7

B2 TS5 AWM NCBIWERFRTE Az FRAE ERFBAE K PFHEFRTE REZFRATE SN gord £

H Jr 7 i NJ 2 oA

Fig.2 NJ trees based on gyrA sequences of five strains and Bacillus cereus, Bacillus thuringiensis, Bacillus mycoides, Bacillus pacifi-

cus, Bacillus wiedmannii from NCBI

5 MR 7 A4 K I JF 5 #E pubMLST
Bl b AT 7R 2R HL R, 45 5 @R 3 N Ak B1S
HJ-2 (HJ-3 JEX Y MLST profile, F &4 15 B
| pubMLST % 4% P2 45 B iy ST 545 1 43 25 4k

F6 S AH U S8 7] 48 (MLST) 3 4 B 4 %

T allele Z5RBR T MEXIEHFF A 3 A BIS
5 HJ-2 J¥5IHH A, BURST H 245 R B R B18 FlI
HJ2 O [R]) — 41, 34 % o b or 36 /R
Wk (£ 6) .

Tab. 6 Multilocus sequence typing( MLST) results of five cultured strains

Allele Allelic
Strain BURST
glpF ilvD pla purH pycA gmk tpiA profile
B18 14 36 10 2 17 8 10 3178 Group 1
B20 6 41 5 43 46 4 3 90 singleton
HJ-1 13 9 11 9 12 8 53 2573 singleton
HJ-2 33 36 30 219 17 8 53 3179 Group 1
HJ-3 93 170 8 4 39 67 21 3180 singleton
4 i it f cry JEER ORI, AR BIF 9T o IR 2 AT B A 2

WEAE ZEFLFFBR ( Bacillus cereus ) J&=—FhAfe R 4
AAFFR 2% PHAE AN, AE 5 oK AEY AR K45
g b P R A A 5 1608 T DA A A A, X R
LA AR 38 BV , ARG HRPT i SRR | F i A
BRI EAL ) AR B SR a4e
FRUAF T R 2T B 5 S 2E AT B 55 ) A 2
TR EHE . W B 2F F6UFF B BF 19 T6SrRNA 356 [ A B
PEIEH =, HRRRE AT 1% S Rl — A, IR BEAR
UFHBIX PR 2R FAT R, 7 B B SR FAT B
SPE PCR 4 gyrA JERYY  gyrB ZE MY panC It
PR S AT X 4 ELIERE 2E AT BRI R
JUR Tt v BE AR ARL, 2B ) B H% AN VITEK 2 compact 48
ERGI I TN ITIATIX 5 o BERESERUAT I 5 75
4 SRR R S R AL LT 58 A TR] ME— 114 X 51
ST S AT AL O AT S B (1 R R A

T E 2528 2024 4E 6 H 5 59 5 11 )

FESET gyrA \panC F cry FEH )RR FPE PCR KO 25
o T gyrA Fl panC FER G NI SR 7R 25 4
B18 Hh73 125 1) e Ak 5 BRI vh 4 BS A B AR HI -2 Fed
I, HUOR HI-1, 25,00 B20 55 55 51 4 BRE IR B4,
M55 WA ZF AT B A 1 53— B RO 7 2R 1T 1
(Bacillus pacificus ) CEAELT o %F 5 BRIEHE ZFHOAT 1R
PR A 53 R 9T 05 R T ] s g T 1) MILST 3, 75 1)
FEZRFUAT IR 7 A8 KT 51, R H7EZE BURST
(n4) FEHAT RIS /3, 155 BI18 5 HJ-2 J& T[]
— SR . PRI i FE A BE B18 v Y W A 2F AT
A AT RE SRR T A PR 58 s

T 3 DR ZEL 0 3 R A it v 1) 4 R R 2 A )
FE BFEERT LT, BRI RT DAAS: I 380 TG 23 2o 15 57 15
G eI S I 1 B2 e g € =R N B
(Acinetobacter , KX 3= B2 KT 38% ) Je & R I
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R B ( Pseudomonas, 1 %F F B 3% ) il JE /R
( Niallia ,AHXTFFE 2% ) , LA e 245 5 B18 W/ Bl E
KEZEFAFT # ( Priestia megaterium , #1 X% F B 1% )
XoF 7 5 R A N s 235 SR AT TR R KT 23 B ] AT
FEAR Z (8] W] BE 175 YL i 12, L U MetaPhlan (%) 73 17
S5 WK BI8 FIIREEAEAS vh {5 A5 AH [F] 1 i A 27 1
FFE #E 4L SGBT697 , 1iii B20 LA ik Bf 2 70 T 14 4 21
SGB7703 4=, 145 2R 5 B I vk Ol IR 45 AR — 2, #6
WRFEAS B8 H I A 2 F A T AT RE K TR T A
WhE, B20 if & A /> i 0 A ZF AT R A
SGB7697 (AHXS F-J8E 5% ) , {H 2 F & KA, oK Ak i i
B IR AT I, WU BT 5 B DR ZH 0 kR A 1
B SR 2R R .

2 B20 TRy B e (0 A ZE AT B S R B
Bi v S RE ZEEAT I AN TR — 2, AT BR 2 H B
ey, B18 g /b e B R ZFIAT I . 2R 984T
PR TE NREE Rl 722 5 | LA 7 T2 RE R IR - 3K
FFHLE Y™ S BT, BOR bR TS Y bR 2 R 3
I DL, O G F R ROR B BOW A (HAL 8 T 4%
B, 2 G i g ) L 55 % il =
Rl 24 i i R 2 BB B T2 P AN T 4
S R RAZS A SR R T

FETRIKOT- 109 7 35 R A 2 D AN REHE A 1071
PRRIAIRGOC R IR RE 1T A AEAS S B Al B 3R (] [
B Bl 50 A T A I B T A XU 1) 4 T TR
2y s A Wy 2 s S R 4 B b oA B
M,
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