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Evaluation of the Application Value of Metagenomic Sequencing in Identification and
Tracing of Bacteria Contaminating Drugs
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ABSTRACT: Metagenomic sequencing is a new promising method in the identification and
tracing of bacteria contaminating drugs, and evaluation of its application value is necessary.
Both metagenomic sequencing and isolation culturing were employed to identify and genotype
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. 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 Bacillus cereus-like strains were obtained from the medicines
and environment. A phylogenetic tree was constructed based on the gyrA and panC gene
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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. 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; bacteria

identification and tracing in contaminated drug
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Tab. 1 Specific PCR primer pairs for Bacillus cereus

Gene Primer sequences PCR products(bp) Reference




gyrd F:GCGTCTGCAACGTTTAACTGG 1084 [14]
R:TGTCGCTACCTCTTGCTCATC

panC F: TGGCCCAAATGAAGAT 600 Designed by this
R:TAACTGCAATAGCTAAAATGAT research

cry F:AGGACCAGGATTTACAGGAGG 1600-1700 [15]
R:GCTGTGACACGAAGGATATAGCCAC
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Tab. 2 Primer pairs and PCR conditions for seven alleles of bacillus cereus

A MLST profiles. %f 1A FEF A8 7 A 2 VAL A8 R P A, 170 508 FESRAS B

FEPETIE.
4) Fykidtr

KHEZ BURST (n-

Gene

Primer sequences

Annealing temperature/°C

glpF

gmk

ilvD

pta

pycA

1pi

pur

F:GCG TTT GTG CTG GTG TAA GT
R:CTG CAATCG GAA GGAAGA AG
F:ATT TAA GTG AGG AAG GGT AGG
R:GCAATG TTCACCAAC CACAA
F:CGG GGC AAA CAT TAA GAG AA
R:GGT TCT GGT CGT TTC CAT TC
F:GCA GAG CGT TTA GCA AAA GAA
R:TGC AAT GCG AGT TGC TTC TA
F:GCG TTA GGT GGAAAC GAAAG
R:CGC GTC CAA GTT TAT GGA AT
F:GCC CAG TAG CACTTA GCG AC
R:CCG AAA CCG TCA AGA ATG AT
F:CTG CTG CGAAAAATC ACA AA
R:CTC ACG ATT CGC TGC AAT AA
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oot TR I PR 5 o 0 H B Bk o SBIAF 18 (Aciinetobacter) 7E RS TISREEFEAS HIL A HI2
S AR — A, (HRIER S TP RE L, HERR T s A Rt
MetaPhlan 45 5% (3% 3) ‘27r B18 Al HI2 Hr & A5 Al [A) S A 2 f AT R 41 SGB7697, R HE
WUAZLEAR I BRSS9 S o TS A JEL BE A THI ) StrainSifter 77E5R1ESE R (R 1),
BoR B18 5 HI2 MZEHAL SNP ZERAE 3 MEARMIB M LB F /D, #5007
MetaPhlan 45 S HEN . 25 PR, PR 2RI A 70 i 5 45 R AE R B18 5 HI2 &
i, WEoR 7R TS G

R 34 NFEAR R H I PP B AR K-F 70 T ) MetaPhlAn 2551
Tab. 3 The strain-level analysis results of four samples by MetaPhlan

Samp
| Genus Species SGB
(5]
Bacillus(98.9%) Bacillus cereus(98.5%) Bacillus cereus SGB7697(98.3%)
B18 o o ] Priestia  megaterium  SGB7678
Priestia(1.0%) Priestia megaterium(1.0%)
(1.0%)
) ) Bacillus cereus SGB7703 (94.4%)
B20 Bacillus(99.4%) Bacillus cereus(99.4%) \
Bacillus cereus SGB7697(4.9%)
) Acinetobacter Acinetobacter radioresistens
HJ1 Acinetobacter(100%) .S
radioresistens(100%) SGB10375 (100%)
Bacillus(56.9%) Bacillus cereus(56.9%) Bacillus cereus SGB7697 (56.9%)
) ) ) B Acinetobacter johnsonii SGB10398
Acinetobacter(38.6%) Acinetobacter johnsonii(38.6%)
HJ2 (38.6%)
Pseudomonas Pseudomonas oryzihabitans
Pseudomonas(2.9%) N
oryzihabitans(2.9%) SGB12309(2.9%)
Niallia(1.6%) Niallia taxi(1.6%) Niallia taxi SGB30277(1.6%)

R4 A AFEARZ I RN Fr B PR K P73 B ) StraniSifter 45
Tab. 4 The strain-level analysis results of four samples by StrainSifter

Samples compared SNVs Bases compared Diversity ratio/%
B18 to HJ2 48772 4546132 1.07
B20 to HJ2 65139 4066579 1.60
B18 to B20 77754 4141063 1.88
3.2 BiFrEEmE e A Bl

FET B RN P25 R, FRATTEE 5 ST LA i AR I A 55 A A7 A8 1 I A 27 PR AT TR B
MEES B18. B20 &7 B 442 1 #R4UE (433% 58N B18 A1 B20) , MASIIFREIFEA
R B3] 3 MRANEE (O P9% 58 HI-1. HI-2. HI-3) . BLE 5 BREE ) 16stRNA 7



AV 5 VITEK2 compact %5 7€ R GUH 45 R VIR AT e, iR e 8 M. 45
% gyrA. panC Fl cry ZEFIff) PCR #3425 28, Fr 5wk PCR %55 45 A ONMEFE 27 F A R 3K
RS R (I B20) (R 5) o K 5 PR panC A gyrA EF 71 (2 FA4% % NCBI
KU 143 2 Genbank JF 4145 ) 5 NCBI FHEIISFE M. Ho & 0B HE. R
PR T . ORPVESFAATIR . BRAE S 2R AT B K panC AT gyrA JE DK 7 41— R4 8 NT 1
e (LK 1 58 2) , 253588 HI-3 SRR SF AT i i, B20 5 AP 2EfufT
B BCZIL, B18 5 HI-2 Hefzil, VA HI-1.

R 5 BIRIE B R 5 BRAUBA I 16stRNA &K 7 ZF/AF i FE R PCR BB 45 1
Tab. 5 Sequencing results of 16sTRNA and specific PCR products for the five cultured strains
Samp The BLAST result of 16stDNA  The BLAST result of specific PCR product (per. identity)

le (per. identity) gyrd PanC cry

B18 Bacillus proteolyticus/  Bacillus cereus/  Bacillus cereus No PCR product
sanguinis(99.93%) thuringiensis (>99.5%)

(>99.5%)

B20 Bacillus Bacillus cereus  Bacillus No PCR product
tropicus/nitratireducens/luti/al (99.81%) cereus/pacificus
bus/paramycoides(99.66%) (>99%)

HJ-1  Bacillus cereus(99.86%) Bacillus cereus/  Bacillus cereus/  No PCR product

thuringiensis thuringiensis
(>99.5%) (>99%)

HJ-2  Bacillus Bacillus cereus/  Bacillus cereus/  No PCR product
proteolyticus/sanguinis/wiedma  thuringiensis thuringiensis
nnii/cereus(>99.7%) (>99.5%) (>99.5%)

HJ-3  Bacillus Bacillus cereus/  Bacillus cereus/  No PCR product
toyonensis/thuringiensis(99.47  thuringiensis thuringiensis
%) (>99.5%) (>99.5%)

K 1 2T 5 ANEPRAN NCBI FEFEZF AT R 95 =@ 2 AT . BRI K
SPRESEAOAT R . RS R AT R 1 panC K S NI BEALAY



Fig. 1 NIJ trees based on panC sequences of five strains and Bacillus cereus, Bacillus
thuringiensis, Bacillus mycoides, Bacillus pacificus, Bacillus wiedmannii from NCBI

K2 BT 5 ANEPRAN NCBI BUSEFEZF AT 95 = & 20 AT T . BRI K
PR AT . BRAE B AT T gyrA B PRI NI HELE R

Fig. 2 NJ trees based on gyrA sequences of five strains and Bacillus cereus, Bacillus
thuringiensis, Bacillus mycoides, Bacillus pacificus, Bacillus wiedmannii from NCBI

¥ 5 BRI 7 ANE FIEEF S LE pubMLST Wb T AL LN, 4550 EoR 3 ANE
Pk B18. HIJ-2. HJ-3 XM [ MLST profile, FA%#H5(5 K 3] pubMLST ¥ /15 2135
[ ST B 5 FI BT . allele 45 R B7R 7 MEFEEREFAH 3 4> B18 5 HI-2 JFHIAH[H,
BURST HR4E R E7R B18 Fl HI-2 N[F—4H, HABENMSIEFBMEK (R6) .

65 N B HE MR MLST 143 Al 25 1
Tab. 6 MLST results of five cultured strains

. Allele Allelic
Strain - - BURST
glpF ilvD  pta 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 THg

RE S FEUFT 1 6 R 27 7 FF B (Bacillus cereus) S — i 3tk PR 48RRI 25 2 1 BH P 4
W, fERSE. KL Y. R RS A s KRR WA RN, XA
B AR BRAIE R, RE KPR AR L AR SR A RS AR 4
CER A AT BRFAFTEE . I ST B 55 () J 0 R 2R P AT B A . A 2R 9

e



FEERTHEN) 16SrRNA JE AU SE R &y, R BRI A 15 N R — MM, FFAS BRI 4 3
DX U REZE AT B A T, T s G 2 FAT B RS 14 PCR 1 gyrA BEPH . gyrB JE(Y
panC JE K" & o FLIF R 2F R 1 B 10 25 19 RS 1 B ARAL, ZE 9573 11 VITEK 2 compact
U RGBT EATHEAT X 3 o WERE 2 AT T8 5 75 22 <6 2 AT A )k PR 4H T LT 58 A
[7] , M — 14 DX 50 2 55 2= 4 2E U 1 7 OB b G 4n 5 28 (1 75 R 45 SR AR ery JE IR TR,
AT TN IR 2 FAT B S iR T gyrA. panC 1 cry P (4% S PCR O Migh . %:
F gyrA Fl panC =R NI HEAL A 7R 245 5 B18 Hh 43 B35 1) B k5 PR 58 Hh 40 B8 A T HI-
2 B, HUGOR HI-1, 2400 B20 5 534k 4 PREAPE S BUE, -5 IR ZE A ) S —
AP ATE (Bacillus pacificus) PUEHEIT . 5 5 FRIEFE ZFFAF 1 B R 1) 20 B
Y5R 1 Bt I ) MLST 779%, 45 20 RE 2R AR R 7 N8 KRR 781, R FTEZ BURST
(n-4) FERATRIT, 1938 B18 5 HI-2 B TR—4M4s R, Hit s 5 B18

I R 2 PR AT P R S U T A U P 5 v )5 Bt

T B DRV ZEL WU v R A it o ) A B DR AL AT I e . PR AN LU, BRI ] AR I 308
ol B IR B B AN R, HL IR & B BGE A SI AR (Acinetobacter, AHXT
F KT 38%) M & BRI % # (Pseudomonas, A%} =F & 3%) F1J8 /R & (Niallia,
FHXTFE 2%) , DL 2 B18 /b & ERZF AT B (Priestia megaterium, AHX)=FJ&
1% ) 5% 7 Jak DS 2L 00 5 SR HEAT BRI AR KT 8 20 A P ASSEINAE AR 22 [ W B P a2, e
MetaPhlan [ 73 #4527 B18 FIFMEEE A o 257 AH [F) R A 2 AT IR A E AL SGBT7697,
1M B20 LAMSAE 2R AT B BFZH SGB7703 SN, 245 R SR FRENIMIRSS R —5, #MER
FEAS BI8 A UL 2 R 1 7T e SRR TR BRI . B20 38 554 /b IR A 2 flo A B E 2
SGB7697 CHHXFE 5%) , HRFERIK, KL FIFRESATIAE, W] 725K
LI PP R A9 3 LL RS FRIE 2 MG B

2yl B20 PP R B MR AT TR 5 A DU PR (R 2 AT B AN R TR 2,
FIREAZ 20 H ST, B18 il th/b & i BRI 1 . 27 FRAF 1 2 76 N AR At
AR5 | AR BT Ly Re PR 35 AL 2 230, Pl L, BAR BTG Je itk 2 NI
W, WA EFEEBERNBURE, B8 TR BURE, 2N R & 240 )L LS
B, e FBUTHZA I EFH ZRRG, BT 250 A a2 A 2], PR
PLZ 5| A7) 5K e B E A



SRR (1 25 2 R AL 22 A REERR R A IR PR IR SR &R R, IERETT B FEAR 0 B
AUSF IR IR),  [RIAT BT B8 At A L EAT IS AE XS A Rl R 25 W BB 45 € 5
Vo M e A E B B
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