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Using metagenomic sequencing to identify and trace drug — contaminating

bacteria in lincomycin hydrochloride and lidocaine hydrochloride gel”
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Quantitative Engineering Biology, Shenzhen 518055, China)

Abstract Objective: To evaluate the application of metagenomic sequencing in identification and tracking of
drug — contaminating bacteria. Methods:; Both metagenomic sequencing and isolation culturing method were em-
ployed to identify and genotype bacteria in two batches of possibly contaminated gel medicines as well as the envi-
ronmental samples from testing laboratory. Bacteria isolated by culturing method were identified through Gram’ s
stain,, biochemical reaction, MALIDI — TOF — MS, 16srDNA sequencing and Bacillus specific PCR. The detected
Bacillus cereus were typed by multilocus sequence typing ( MLST) . The metagenomic sequencing results were

analyzed at the strain level using MetaPhlan software. Results: Both MLST and MetaPhlan analysis revealed
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a substantial contamination of Bacillus cereus in gel medicines as well as environmental samples, with the presence

of the same Bacillus cereus group. Both metagenomic sequencing and culturing methods detected Paenibacillus,

Brevibacillus and Neobacillus in gel medicines, but amplicon sequencing also detected these bacteria in environ-

ment which might be the source of contamination. Conclusion; These findings indicate that metagenomic sequen-

cing technology is reliable and has the advantage over isolation culturing in comprehensively detecting potentially

hazardous bacterial species and accurately performing strain — level traceability analysis. It holds significant appli-

cation value in pharmaceutical contamination identification and traceability.

Keywords : metagenomic sequencing; amplicon sequencing; MLST; MetaPhlan analysis; bacteria identification

and tracking in contaminated drugs
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G T TR T2 R TG T A S 2 D R T R R 2 VAR AR
FrIE(TSB) Fl pH 7. 0 SUALHNE RS Wil
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JKEHL PR, Gel Doc XR #EIZ {5 % 45, BIO — RAD
A W) VITEK MS 4 3 gl PR i A= ¥ Bl R 4¢, g 3
YA ¥y /N ] s Tlumina Miseq U] /% 4%, Mlumina 23 & 5
DNBSEQ — T7 il Fy* 4% , T II A IR 3 BB 5y A7 R
o,

et K R B g By 9R Bk (TSA) (#t 5
20220505) . pH 7.0 A AL 44 B MR 2% bW (5
20220909 ) . Jik it < LR WA K5 7R L (TSB) (dit 5
20210608 ) | ¥ [% ) 4 1% 35 g 15 7% 2k (SDA) (b5
20220424 ) H & f A AL BB B R (MSA) (it 5
20221213) 4L+ 7S ke dk = e 3ig (CTAB) (#t'5
20230307 ) ¥ 28411 v 8 ZR T TR AF L SRR Bl % 97 Ak
(BCCSA) (#tt'5- 20230525 ) , #4004 A 7 5 g Bk bel ¥ 14
HEPHARAIRA A SALEE (Hit5 20220105) , [5 24
RO FRAA R AR 77 22 IR 0 a7 &
(41t 230308 ) M AE 25 A AT T T i A= 1k % 1R &
(DBI =07 41t 231121) , ¥ [ Jb 5t Rl S AR B A7y
AHIRAF]
1.3 ARUER K

480,35 B BR 1 ( Staphylococcus aureus) [ CMCC
(B)26003 ] . 4 4% i B0 B &5 ( Pseudomonas aerugino-
sa) [CMCC(B) 10104 ], r [ £ it 24 it A 30 0T 5% B 5
VEZ A 78 2 IR 18 5 ( Burkholderia cepacia ) [ ATCC
BAA 245 ], ¢ [E A ORI HL O
2 ZEBHE
2.1 PR FRHG P E W) o i s R
2,11 Mg kg ik IO 10 g, i
AFRIGH 10% S ACBE R 20 mL, 35 21 )5, INA pH
7.0 T AL A B RS2 vl & 100 mLL, 5553 PR 45
RS MR 1210 M. B 10 mL B 1T
W U8, A pH 7. 0 Jo i AL N AR B RS PR T
Mk, R R AR 500 mL, sk S T A RS
% 100 mL TSB w1 [Ali 4% BELL 07 il 4 3 13 B
Xt BR A3 HIHIIAAS KT 100 cfu (1) 4 55 10,55 25 BR B
B 2o R P TR R AR SR R AT L TR 2,30 ~35 °C
FiJF 24 ~48 h ARJE RIZHE AT MSA  CTAB | BCCSA
SEVEPR LR SR BIE A TSA AR 1,30 ~ 35 CHE %
24 ~72 h, LR ERETE A OL, TSB 1537 ik X
AJa SRR bR A TREA IR A W) (R FR_E
VAR ) A T PR A P ORI e i DU Y
2.1.2 AR ERESALBESE RS S
Xof SRy = PR AT IRORE , T KT A 25 20 i Wi 4R

PRAEH O T-E M ICH Rk R AR T TSB B3R
pH 7.0 25 I RZE vl 55 AT R VS QL i, T4 100 mL
TSB 1 TG 48 32.5 CH555% 18 ~24 h, FH4E R 3R HL
R 2T TSA SPpl |,32.5 CH55R 5 d, &K T
SDA A 1,23 CHiF% 7 d, XI5 3 BfE TSB 85
FRIRTFAE 10 A TR AT 2 D A AR ORI . )
A, RN BRI 1) A i o/ DR TR ) 7 e T S
I A S R T, IHEBR T R 2 <05 4o

2.1.3 EFEENE  CBIREETEF AR A TSA P
R RTE T R LR B)E FR AR R T el ik SR Al
PR A o d o o 22 PR Yt A W) i 7 M 16srDNA 3
DRI 32 3 A T 00 25 M 0, X AT JLAP 5 ¥ JE i A 1
ZEAUAT TR PH A A SOy B 2 A AT T R S 1 PCR
P CEARZA LR 1) BEAT 5 o 51 X 3 Fh 25 AT
PR RE 7 P PCR 7 5 BB 50 4 b 6 1l Ay 5 2 AT T
T 2 S 3 2 T D 5 WA ZF AT R R, L an 2R T
gyrA FEF T rpoB JE P Fl panC R 0 4 S
PCR B0 b 5 700 Ak 5 28 FR AT T87 ik V8 3 28 FELAT T
FBEAL ZE AT A, (H S FF 27 FEAT I T = 4 2 1
FFTE R LF- 58 Al TR o — 9 X0 & 95 = 4 2F
TR TR AE BTRL b A 2 5 2 1 B 3R 45 f R Y ery g
PN, o T B 3 T ery JE DAY AR S
PCR S o

2.1.4 EHRSARVT W E BRE R 2008 F
BU43 T (MLST) 8 , %R S RVER 855 o 25746 1 0 8 R 25
FFF R T B RR 53 2 o W5 AF ZF AT B R A pubMLST
W3l Chttp ://pubmlst. org) b /A4 i) PCR 5147, PCR
PR R A B AR T T X R T M E R
HE PR TE ROBLIE] 5 | 0 4 1 7 0 0 D 4l 2R AT BF
2, JFAE PubMLST B4 FEHEAT Y 91 LU, 45 B AR B 1)
JFEA5 W55 7 R P 90 5 7 8088 e AR 5 A5 2 A
PPN ARL(ST) o X - J PR A% S 22 MR A7 o A
SIF A ) B AR 2SR N 45 B I R BT Y
53 B RS (isolate ) F1 ST K45 2 (1) 4 54k ST 2Rk HI7E
2 BURST 347 R IS0 -

2.2 EFEPIALI Tk

2.2.1 PHFITFE BIE RAE THITRRA
P SCEER AN Ty, W75 2 Miseq, 16srRNA
m ¥ 5] % K 341F ( CCTACGGGNGGCWGCAG ) #1
805R( GACTACHVGGGTATCTAATCC) ,ITS Jill 75141
S ITS1F ( CTTGGTCATTTAGAGGAAGTAA ) #1 ITS2R
(GCTGCGTTCTTCATCGATGC) , i % & % Tllumina
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Tab.1 Specific PCR primer pairs for Bacillus
PR PCR 5|4 | PCR 7)) E =B UIN
(bacteria species ) (PCR primer) (gene) (PCR product)/bp (reference)

A ZERUFF R ( Bacillus subtilis) F:AAGCCGTGAAATTATCGCAGACTC ilvD 640 B17¥1(designed by this research)
R:CGCCGCCCGCTTCGTGA
42F ; CAGTCAGGAAATGCGTACGTCCTT gyrA 1000 [10]
1066R : CAAGGTAATGCTCCAGGCATTGCT

FRVENS AU (Bacillus amyloliquefaciens)  42F ;:CAGTCAGGAAATGCGTACGTCCTT gyrA 1000 [10]
1066R : CAAGGTAATGCTCCAGGCATTGCT

ERE AT ( Bacillus cereus) F:GCGTCTGCAACGTTTAACTGG gyrA 1 084 [13]
R:TGTCGCTACCTCTTGCTCATC
F:TGGCCCAAATGAAGAT panC 600 B47i&3( designed by this research)

R:TAACTGCAATAGCTAAAATGAT

F:CGG GGC AAA CAT TAA GAG AA ilvD 600 [14]
R:GGT TCT GGT CGT TTC CAT TC

T4 AT ( Bacillus thuringiensis )

F:GCTGTGACACGAAGGATATAGCCAC cry 1 600 [15]
R:AGGACCAGGATITACAGGAGG

MiSeq, —AXIUFA3EI11 reads B JeR 4 8 & ¢ Rk
P04, XA G ) Cutadapt F1 PRINSEQ 5 {4: %f
JE 5N T i AT A R U8, SR S5 F Usearch #RF AT
OTU 2 (97% LA LW FIARUEE ) , Fil BLAST 4 {F
Z:7% NCBI $04l FE AT R 43 2822 50 BT (KT 97%
AL, KT 90% 3 3) o
2.2.2  EEEAINT S MetaPhlan S3Afr 2 B PR 20 1
FPESR F AR R a3 32, 37 5 24 DNBSEQ —
T7, B BAFEIE N4 DNA F Bk SCFEMEE SC
JRE A 5 o 0 A o BT A B Al A
¥ PR EFEMEMINRETE R EHEFE
FAENT B e R G B i Fastp JF 47 5
PEA R BB 3 08, P B8 43 B B MetaPhlan
(4.0.2) i F BRI S 500 F P e X T bowtie2
52 b B W & (marker ) 3045 B (mpa _ vOct22 _
CHOCOPOhIANSGB_202212) gE47 Hb X, Xof 2= 32 K] 2H )
J7 B PEA T B A A i R R S I R e T, HLR B
B R LS AL 3 (reads 5 marker [ X AL
B
3 XBER
3.1 RGERE IR B AR B ) R S A B R

Zed K5, FH M XT BEE 5 Y S R M P A 4y
BIARF H 0T 4 (0 R 20 BR 1 L A S 1 B T R T
AT R BT, IE B 24 S R R A i ]

HWEHR L

o 2 HRE L R R Bk - oy 25453 H 1)
P, MAE TSA P b7 2514 2 4 BRANE , SDA -
M ERILEAE A . BREAEASTE TSA P-4 b3 245 2
4 BRAMTA , 72 SDA - FA5E] 1 MRETAE .

8 RANGH G (25 R ER T B AR 32 o 22 QB
KA AL, Hm B o g 22 IR R T e . 3
L g5 91 =1 (HI - 1 (HJ -3 By BRBRAT 5 I A 2
TR AEACRAAE . JE A A ) B3 1 L 16srDNA i J7
ORTAS L A T AT S O Ao 2 96 R R S
PCR J7 %0 6 th 28 A0 AF B A7 28 (L 2) o it
529 D23003 1) 3 AN il v 23 i A L R 2 AR AT
P PR 2 AT 18T ( Brevibacillus agri) FI2E 25 f1 AT
Wi ( Paenibacillus albicereus) , 35 & D22013 1) 1 4~
B (G 32) vk H T 3K 45 387 27 AT 7 ( Neoba-
cillus bataviensis) , K FREE o> #4153 4 #R1 L, &
YETE 2 MROGMEAE 25 AT IR, 1 AR O RS B2 AT 1AL
R W R E ) 2 AT A

XoF 24 it 55 PR A B ARG H Y 3 MR I A ZF AT T
(91 =1 HJ -1 HJ =3) J¢ | bR AL = A5G h
ot I ORAF A AL ZF P A 1 (2 " HD) 04T MLST /)
i, Z: R pubMLST [ 3l - 05 HF 25 FLFF B ¥ PCR 5]
Yy e 5 ) ISR 2 FLA T Y 7 M8 KRR 3R AT PCR 477
495G Yy R 45 SR AE pubMLST W uify |48 R 75 2]
R VSO B PR g 5, AR 4R S Y g 5 2H 5 15 2
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Tab.2 Identification results of 8 bacteria strains isolated from gel medicines and environment

5

HEXTEE S (CE 43 EL) [results (per. identity) ]

(batch %IH( e B 16s:DNA FEXTAER 5t PCR =4y X459 (the BLAST result of specific PCR product)
No. ) (strain) PR ) (The BLAST result
X (MALIDI - TOF - MS) of 16stDNA) ayrA panC ivD CRY

D23003  91-1  BEFEZFEFFREEE WERE AT IR ( Bacillus - SEFEZFAUAT IR/ IR = BEREZEAUFT I/ 70 5 SR 2ERAT I JE PCR 774 (no
(Bacillus cereus cereus ) (99.79% ) 42T E (Bacillus 43 2408 1# ( Bacillus ( Bacillus cereus) PCR product)
group) (99.9% ) cereus/thuringiensis ) cereus/thuringiensis ) (99.27% )

(98.86% ) (99.18% )
91-2 SR I 2 HUAT T ( Brevi- / / / /
(Brevibacillus spp)  bacillus agri) (99.58% )
(99.9% )
40 ToXT R (no HZE A F ( Paenibacil- / / / /
record in database)  lus albicereus) (99.03% )

D22013 32 Jext e (no L 3% 46 S B 2 f AT / / / /

record in database)  ( Neobacillus bataviensis )
(99.53%)

HJ4 HI -1 SRR P/ BIRCR/ MERE/R RIS/ SRR BISOH/ BEREZEA RISHZFIEAFE TG PCR 724 (no
(Bacillus cereus T/ L W ( Bacillus paran- F15 ( Bacillus par- (Bacillus paranth-  PCR product)
group ) (Bacillus tropics/paramy- thracis/ cereus) anthracis/ cereus) racis ) (99. 80% )

coides/ cereus/ luti/ albus ) (99.52% ) (99.34% )
(99.58% )
HI -2 KSR/ V8 B/ FE AR P AT B ( Bacil- Rz 52 W [ 2R 10 FF / AR AP /
ZE A0 KT 1 ( Bacillus lus rugosus) (99.53% ) [ ( Bacillus  spizize- (Bacillus subtilis)
subtiliis/ amyloliquefa- nii) (99.28% ) (99.85% )
ciens/vallismortis )

HI5 HI -3 SEREZEAATRRE WERE 25 S0 AT T4 ( Bacillus / A 2T R WEREZEAIATR/ T8 PCR 4 (no
(Bacillus cereus cereus ) (99.93% ) (Bacillus cereus) Do HMFFE  PCR product)
group ) (99.17%) (Bacillus cereus/

thuringiensis )
(99.45% )
HI -4 RS 55/ 3 M/ JE 4 BEAS 2 H0FT 04 ( Bacillus fig Y€ 8y 2F 161 FF 14 / / /

248 AT B ( Bacillus vallismortis) (99.71% )

subtiliis/ amyloliquefa-
ciens/vallismortis )

( Bacillus amylolique-

Jaciens) (99.89% )

BRI STo Horh 2 BRIGHEZFARAT IR IO Y ST,
REAHR S 1A% 2 pubMLST W3l £ 08 1 7 Bk
ST, KERFEIR 7 B pk ST RHIFEL BURST 553 (S
Bn —4) PEAT RIS, 5R WR 25 A b i BERE 2 7R

#3 WEFHITEEKRMN MLST 5841
Tab.3 MLST results of 4 Bacillus cereus strains

FRR- S IAEE A 2 ARIERE 25 FAT R 2R A [A]— 2 ( Group
), BRI RO IS5 2 SR R HT fe 30 (7 M7 i
A S AMLAEARIE ), BEIA 2 it R R 2F FRAT R AR A
A BRI TR RS AT L

W3,

Bk AL Callele) SRR 5 BURST 4424
(strain) glpF gmk ilvD pta pycA purH tpiA (allelic profile) (cluster result of BURST)
91 -1 13 8 9 11 12 4 29 3257 Groupl
HJ -1 3 2 31 5 3 16 4 26 singleton
H) -3 122 8 8 58 12 9 10 3258 Groupl
HJ 13 8 9 11 12 9 53 2573 Groupl

3.2 AL A
X ISR 23 B AT B A A R B RS T I

o

R FE DN AL Py 45 3 14 40 B PP 2EAT B, A5 OR LR

4o HEFRUETHED AT LA 1A UL AE

RO R
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Fr A5 HE D 2H I e s R vy, ELOS SR DVZH I e Fe 3 3
TN AR A0 AE R OK S B SR IR S
TN, 738000 R AR A v 3K 30 A B B R 28 AT TR
U B N ERE S ZE AT 5 ( Bacillus wiedmannii) , FoAth
ATt A U E B K- s 5 R 4H I P Metaphlan
3T IR 2 FAT I ( Neobacillus ) R % %€ | 5 15
FREA—Z B HAR AR 52—, JUHOE TR B
FEAS HJ4 1 HIS ook 2 SR AR AR B 2 AT 7 Ba-
cillus subtilis SGB7788 (0. 006% ) A1l fift V€ ¥ 2F f#T B
Bacillus velezensis SGB7785 (0. 02% ) , 5B 2L AE b
thor B AR B 2 ARG HY -2 A1 HI -4 5243,

3 -0 R 2 LA D A B A S B AR 2
TR, B3 700 5 A (5 2 2 T 26 ik A 41
J¥ (%) MetaPhlan 73 $T 25 58, L A4y 3G -0 77 78 24 i
40 191 — 1 R AREEAEAS HI4 vpofs s HoAth 5 i R4
LR AR 2 AAT I, FE 24 0 O1 — 1 FIBREEAEAS HIS
At At 7 30k R A A HE 1% - 39 02 AT T ( Brevi-
bacillus agri) , TEFREEAEA HJ4 tpog Hy HAD 5 87 AR
ozt S ZF AR TR o JEEPR AT BB S BR E v IX S A0 T 110
B iR, 35 5 A 2 e DR A DN P v T R R A T 3]
(B 3G ¥id ok PCR & 115 25X JLRN A0 B 1915
S BT B 0 s 7 A R o B A L

P3G 7D P 55 2 Bk DR N e 45 2R 1 $ 7 245 4 A
PRI A vh s A7 7R 5 A 25 FAT TR T, R B IR
2 5AE 1 AR 2 B A5 B IS A 25 A 76, MetaPh-
lan Z} A4 R WoR 24 32 .91 — 1,91 -2 i A S A 2
FOFF B S5 ER BT REA HI4 1 HIS Hp () 8 B ZE A4 1
TF-[6]—4H Bacillus cereus SGB7697 , 53535 1L B R bk
MLST 73 BUZE IR —F, 715 24 it v 1 EASE: 23 P00 A 7 A
A AT RER H AT FREE 19759 . Metaphlan 434145 g
BRI, BREREAS HI4 thE A S350 1 R RE 2 AT R
Bacillus cereus SGB7703 , £ HAMAEAS th 24 K % B %
M,z G RO S FRER B BB R AR HI - 1 75 MLST
SIS — AT
4 tig

ARWFFER G G 3G I i 1 1 D0 e i F0 % 42
FEDRIZH N P i, %k 2 itk 24 il B A 0 B 58 v ) ¥ G ik
AW EAT SEE 3 Fh T EESTE LS Al REAS PR Y g
ZEHURT P IS ZF FURT TR FIORT 2E AT B, A 24 R 3R
SRR A rp RS R 2 AT TR % Ak PR
MetaPhlan 23 #7145 R BN P EREAS HI4 58 2 A
)Y B AR ZF AP R AR, o S R m 1 4

HWEHR L

(SGB7697) 1 25 fh RE AR S SRBEREAC HIS 34 #6
H S T B SR R S — B, R 25
AR ZE AT RO VR TR A5G D040 1 A& |4
E A A 2F 900 FT 78 (SGBT703 ) 5 3% 5% 115 31 1
HJ — 17£ MLST 3B rp S5 — A0 5 . S5
VR DR 2L 0 445 SRR ], 7 48 10 R iR 7 R s
FEAS RSt /0 B ) 4 8 2 AR T S 2R TR T AN
WEORT I, DA BEHERR 25 & X 3 FhTS YL
WA IR TR PR BE (R 8. 59 4h, 5 F U 25
FOAT AT 5 25 AT T S R PR v 5 3l A7 7 1 75 L TR
TEARESE 2 HERR 2 W 7 AR P A gl & e w05 L iX
— AT REPE, AR R — A T A R R

3 i vk A A DL A AR SRR SR AT AT
PR 4 0 5 AE 0 1 2 BT {E 33K b 0 32 TE vk
SEARAE R P s RS A B T AR Y
PO HOR AT 0 5% HEAT BEVE 0 A7, Bl
B R E AT E M B MR S T
DAASTAT | BRE X0 75 S Pt W) 22 RE PR HEAT 204, (L iy
F I AT TR TR 43 155 A8 DX 47 8 0 4 A, S B
HE I A S ASURG Bt 21 J K-, BB M A R 2
IRV AT TR R KT B 80 5L 5 2 4 DR 40 8 % 36
SR b T A W RE PR 4 DNA AT 58 Y
ORI AT FE 91) 20 258 5 PRV B, 645 TT 0 3 R T
BRI W L R L 9, 43 B R BE R BT A
YRR e FER DI RE S S (B A TE A R
G RGPS i A R | o R T G S S A, S
T A B DL I 4 B b K S 20 AT 23 e oS % S
4 (ESB) WARSHESZERNA (625) 1
FEXH MRS . 2 X BB AR 8 i XLk
FEF SNP HEAT IR I AL T IE R 20 B ( genetic constitu-
tion) 25 FHEATIRA, LT SNP (43 Mr 7 ¥ J& i bk
SIMTETA IR U, )P 0 2 2 e DR RO e e i
ACERE R, i R = 3L H A B By S 2% )y
B (HEPIALEFRCEEN ) (1 HA 25 SEHETT SNP fif
AR50 DR AR AT L 510 23 W, 3 i MR 0 3k 4 4] 5
ELHER E bR 4L . Horp, MetaPhlan 7] UFRIC
HE PRI A7 2 S0 o 8 531, 1 — 25 S IR T ok ) 0 5
TR KO 16 % 5 R 412 05 VAL BE A V591 1
[ SR 2R IR BETT A4 FEAS 3 B 2l 1 S Ik [A]  [R] A
By 5 A T S BLEAG Ve XUBR: 1) 20 T 0 b 7 24 i
A % 5 IE o b b B 2R AN E. 2
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Tab. 4 Bactria detected by culturing method and sequencing methods

e R E U I
(bactria isolated by

HAS
(sample

No. ) culturing method )

P OL AN
(dominant bactria in Amplicon

sequencing result)

TAEFE AN FEER: MetaPhlan J347
(MetaPhlan analysis of metagenomics

sequencing result )

32 SR 4 57 2E A F R ( Neobacillus batavi-

ensis )

KA ( Paenibacillus albicereus)

91 -1 EFEZEAAF 5 ( Bacillus cereus)

91 — 35 AT R ( Brevibacillus agri)

Hj4 ERE 25 AT 1R ( Bacillus cerus)

L AT ( Bacillus subtilis )
HJ5 WERE ZEAT R ( Bacillus cereus)

TRE RS 2 AT 7 ( Bacillus amyloliquefa-

ciens)

A BT 20T 5 ( Neobacillus endophyticus )
BRAE S [ EE AT 1 ( Bacillus wiedmannii )
(0.007% )

2K 2 0 KT # ( Paenibacillus sp. UniB2 )
(89.6% )

BRAE 2 [C 2 f0FF 1R ( Bacillus wiedmannii )
(2.0%)

UM B LEHUAT B ( Bacillus massiliglacier)
(1.9%)

AT 25 HIAT B ( Neobacillus endophyticus )
(0.03% )

BRAE 5 [C 2 A 1# ( Bacillus wiedmannii )
A BT 20T 5 ( Neobacillus endophyticus )
(0.003% )

+ 2 % 2 0 4T & ( Brevibacillus agri)
(0.002% )

+ 5 AT ( Brevibacillus agri )
(99.97% )

B 2 [ 2R AT 1 ( Bacillus wiedmannii )
(0.03% )

A 2 FC 25 A6 1 ( Bacillus wiedmannii )
(95.2% )

2 2F 1 #F B ( Paenibacillus sp. UniB2)
(2.1%)

F k& TR 2
(0.03% )

N A3 2 AT ( Neobacillus endophyticus )
(0.03% )

ST ( Bacillus massiliglaciei)

B 2 [ 2R AU AT 1 ( Bacillus wiedmannii )
(99.998% )

+ 5 55 ZF 8 AT B ( Brevibacillus agri )
(0.002% )

TR AT B ( Neobacillus jeddahensis SGB30241)
(99.64% )
WERE ZEAFT 1 ( Bacillus cereus SGB7697) (0. 36% )

2K % 18 FF & ( Paenibacillus albicereus SGB82357 )
(100% )

WEAE ZEAFT 1 ( Bacillus cereus SGB7697) (100% )

3 AT T ( Brevibacillus agri SGB7330 )
(99.99% )
AR ZE AT ( Bacillus cereus SGB7697) (0. 01% )

HAE L5 AT 4 ( Bacillus cereus SGB7697) (98.34% )
WEREZEAUA T ( Bacillus cereus SGB7703) (1. 26% )
M A ZE 0 FF B ( Bacillus licheniformis SGB7780 )
(0.34%)
VA M ARZBR A (Staphylococcus haemolyticus SGB7861)
(0.06% )
H L ZE AT ( Bacillus subtilis SGB7788) (0. 0006% )
WAL SEAIA B ( Bacillus cereus SGB7697) (99. 98% )

i V€ W3 2F 18 AT B ( Bacillus velezensis SGBT785 )
(0.02% )

—E B P22 , 2 ORI R AN 4z, ik X p 5t
I AR BB, L, B 5 5 B IR A M A 4
AT TR U HEA T 24 5 G TR ) 3 B S DR

AE S
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