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Abstract: Objective To evaluate a real-time detection technology for rodent-borne pathogens based on the MinlON
high-throughput nanopore sequencing platform with Bartonella spp. as an indicator. Methods The whole-genome DNA
was extracted from the spleen and lung tissues of wild rodents with positive Bartonella culture results. Sanger
sequencing following conventional PCR amplification (using universal primers of 16S ribosomal RNA [16S rRNA]
gene) and nanopore sequencing was performed and compared, and then evaluate the feasibility and accuracy of MinlON
nanopore sequencing technology in the detection of rodent-borne pathogens. Results By using the first-generation
Sanger sequencing after the conventional 16S rRNA gene amplification, Bartonella was not identified in 12 samples. In
contrast by using the third-generation nanopore sequencing, Bartonella was identified in all samples. The number of
reads per sample used for taxonomic analysis ranged from 4 to 609 424, and the reads length was mainly 1 500 bp, with
the mean accuracies ranging from 79.2% to 92.0%. Bartonella was the main pathogen detected, and its number of reads
ranged from 1 to 77 833. By using cloud real-time analysis software EPI2ME, the identification results were generated
within 30 minutes after the sequencing was started. In addition, Brucella spp. was also identified in some samples. The
concentration of the original samples had an impact on the amount of sequencing data, with evidence showing that low-

concentration samples had significantly less total data volume and number of reads. The cleaning procedure significantly

ESWR B 5RHE T KL (20172X10303404,20184X10712001)
YEE B : SEAME 2o T T 0L, N I A ) 27 S B P2 I 98 T4, E-mail : lidongmei@icde.cn
BEEE XY, E-mail: liugiyong@icde.cn



R E A A 2R R i 2 2021 4F 8 45 324 5 43]  Chin J Vector Biol & Control, August 2021, Vol.32, No.4 - 391 -

reduced the residual nucleic acid fragments in the sequencing chip, but could not completely remove them, with a 1.40%

residual ratio. Conclusion

Nanopore sequencing of 16S rRNA gene amplicons can be used for direct and real-time

detection and identification of pathogens in organs and tissues from rodents. Nanopore MinlON sequencing provides

convenience for on-site detection and pathogen monitoring with its portable and simple operation, and real-time data

transmission and analysis.
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IR (Bartonella spp.) 35 37 BH M B FE &, $2 HUIE A
Jiti 2H 21 DNA 3 R 41, i FH 16S rRNA 751 38 FH 51
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Table 1 Information of rodents and their isolates

Z;g P/F DNAWRIE (ng/ul)  BEREAFR B R SEARRIE (BLAST AR (%) ) EEES RAE G
19 122.0/103.0 CLI9QHWL AP IURE A (Bartonella grahamii) (97.4) KRBAR 1522 g B E RN
27 58.0/308.0 CL27QHWL S RIBE M /R M4 (97.1) KEGR 522 B4 Z H
29 77.8/240.0 CL29QHWL  AERIBUEE /R M 4 (98.1) KGR 522 # H
32 732.0/269.0 CL32QHWL R R4 (99.2) KEOR 52 B FH
34 64.9/69.4 CL34QHWL  ASRIILUM /R M4 (97.4) KRG 522 B FH
43 170.0/121.0 CLA3QHWL  MSRIBU M /R M4 (97.4) KEGR D228 nl#UHRA 220 bkl
45 144.0/39.2 CLASQHWL AR /R A (97.1) KEGR S22 Al nlguiRm 22 0 b
46 343.0/21.3 CL46QHWL & DU /R A (97.6) KEGR D2EnTaME0HRAT 22 1 bt
50 277.0/29.5 CLSOQHWL AR /R E 4 (98.1) KEGHR 922 AT aT g Re 22 1 b
65 38.3/58.1 CL6SQHWL  ASRIILUM /R M 4 (97.8) KEGR 522 0 s
67 48.6/151.0 CL6TQHWL  A&HINUA L R A (97.1) KRR 522 Hig K s
68 50.4/132.0 CL68QHWL SR /R i# 4(96.8) KEGR S22 0 anE fe LR
70 378.0/161.0 CL70QHWL AP /R E A (97.4) KGR 22 g e 1o JELR
74 70.7/134.0 CL74QHWL A& HIDUAREL /K38 14 (97.6) KRB ZRERW SRR R

. T B L IR R A o S e
82 164.01269.0 MMBZQHGEM Candidatus B. gerbillinarum (92.1) TrUB #Rk I

YRR 5 .

85 418.0/476.0 MM85QHGEM U Rl R AR TR MRA o5 S 15

Candidatus B. gerbillinarum (96.1 )

H P AR LL F RIS,
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R IihR % 1 4F 5 168 5141 (27F : 5'~AGAGTTTGA
TCMTGGCTCAG-3"""#11492R : 5'~GGTTACCTTGT-
TACGACTT-3""") , % 21 4UB% 2 DNA #E 17 PCR 4"
W LR IRAE S H 1R AR T (RAB_9053_vI _revC_
19Dec2017) , B AEE . PCR SZIVAR & 50 pl, f4%
LongAmp Taq 2XMaster Mix (NEB) 25 wl, 3& [A 4
DNA 10 pl. 16S barcode primer 1 wl F1JC 4% 2 fitf 7K
14 ple PCR W45 [A] 1 3R 16S rRNA J [K & At
PCRY" MY W1 wl PCR W€ B E KR AR 7 1)
A REE A 15 ml IR B S0 A 30l 7 2R
(Agencourt AMPure XP Reagent, Beckman) , % i 1R
SJEE A 70% B VE L BT AR A SRS
A3~10 ul 10 mmol/L Tris-HCI(pH 8.0, 7 50 mmol/L
NaCl) R REER, IR M a5 iR . SR
MO A A A A PP AR, SRR 15,5l TR 20 R B
1l 2 SR B AU FE (AR N I 1.0~1.4 ] RAP,
Z IR H 5 min J5 i1 A 34 pl Sequencing Buffer
(SQB) .25.5 ul Loading Beads (LB) , fil £ Jii 244 1
75 Wy SCHE .

1.4.2 07 R0 B PE Ab B e BE B AE F0HK 30 wl
Flush Tether (FLT, Flow Cell Priming Kit, ONT) 11
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TON P AL A7
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Hi fastS Fl fastq o 3217 EPI2ME % 7 3ifi (epi2 me-
agent-v.2019.7.9-2549693) , i £% 16S i ## (FASTQ
16S v3.2.1) T4 5 ¥ (Basecalling 1D-v2.2.8) il
4325 (168 Classification-v2.2.13) , /N Fi H#{H (Min
qscore) N7, PRI barcode 16S RAB204 , & ] 3¢
F hy * fastq ¥ 3 o A EPI2ME R 3 (https : //epi2
me.nanoporetech. com) SR A A 45 A .
1.5 MBS R floweell Fae N F YRR &
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2.1 16S rRNA & B % #L PCR ¥ 3% .l 5 & % &
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Table 2 Identification results of 16S amplicons using Sanger

sequencing
B
20 20 4] Q/El\
g fili 148 [CiEZEE:
19 WFEHES BN BRI (B, rattaustraliani)
2% S
yy KA R LR 1K (B. grahamii)

(Bartonella vinsonii)

29 P Ochrobactrum sp.) F&HLT A /R 38 14

32 AEHIDUE LR A s LU L K 38 A

34 FEHLDUH R R BRRHURAEFER (Delftia acidovorans)
43 ARRLDUR R A [ETRVE IRV IS TTZN

45 BRI R R T RRA R AR R T

46 AEPLIUR /R R EIR R AR A

50 AEFEDCA R A A TR (Acidovorax facilis)

65 ARSI LR A [GETRVE IRV IS TTZN

67 (TRREURMERE B TR EAK (B, tribocorum)
68 AU LR 8 A TR AR AR T

70 RSB /R EURE

74  MYIEH (Rhizobium lentis) ARIFH
82 [URim A R EUR AR AR
85 BRRHURHFIA DY 75 1 R AR (B. elizabethae)

2.2 16S ¥ 3 -F Nanopore M 5 2 X & FE ¥
W We FE E 5.8~~732.0 ng/pl, 168 M 735 &5 % A 12
AN e #E S AR IR (Barcode, BCO1~12) , A YK fix 2 1
VE 12 34 it o 4 BRI 7 A S B3 4 (total yield
(bases) ) A 22.2~988 400 K, reads % & & 38~
647 576 /1~ , V-4 i 5 153 51 (average quality score)
6.4~9.9 &ty H FEAE 12 h AN (] 1), 57 30 min
BT ¥EZL (https : //epi2 me.nanoporetech. Com ) W% %]
S . P EEETAE 1 200~1 600 bp, L4 1500
bp 1 reads 24 32, 0 I B 2 FHABK . WK 2,

200
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FFEHS (h)
B 25 S B EPI2ME 1 QC and Barcoding [rev.3.10.2 143 #1
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Figure 1 Temporal distribution of sequencing data output
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Figure 2 Distribution of fragment size of 16S amplicon using

nanopore sequencing

1o 4 203 4> ; EL 7R A S 28 17 2 HE 1 % (average
accuracy) 4 79.2%~92.0%. .33,

R3 16SP T Nanopore 48 5

Table 3 Sequencing results of 16S amplicon using nanopore

sequencing
[ 7R 3 4 A R
i Reads (& TFIJUERGR  Reads i FIHERHR
Hit ' (4~ (%) 1) (%)

Jiti iR i I8 Jiti iR Jiti Jig

19 5 1 839 792 0 0 - -
27 1420 5470 89.5 89.5 1 48  86.8 87.0
29 32 88 845 87.0 1 0 80.0 80.0

32 8 10 87.8 859 0 0 - -

34 251 235 874 874 0 0 - -
43 3316 1673 873 873 69 5 859 846
45 4 1967 879 89.5 0 2 - 86.1

46 3 5 88.1 864 0 0 - -
50 1626 308 889 89.2 137 0 87.1 87.1
65 4978 76 89.1 88.6 2 0 845 845

67 94 189 88.9 92.0 0 0 - -

68 33 257 89.3 88.9 0 0 - -
70 521 11362 854 893 2 17 854 845

74 237 3 89.0 894 0 0 - -
82 28840 25879 89.2 89.1 38 30 86.1 85.6

85 25886 77833 892 89.2 36 100 85.6 859
T = R

B T 7K 38 A A i 5 5 AT & IRTE (Brucella
sp.) FIHAh—LL 0T . Reads B0 38 2 19 R AR
(Mycoplasma sp.) . FHFFE (Ochrobactrum sp.) .,
IR (Delftia sp.) .ERH (Acidovorax sp.) &
M B (Pseudomonas sp.) A1 % PR OB TA
(Brevundimonas sp.) 5% . WK 3,

2.2.1  FESAZRRVEFEXHIN P A R 2
R AL R B 10 A5 5 971, Al Ak Js 17l 2 0l e
SCPE B e FE B R R A BRI 4~ 8 A% . 2R i
I T 53 M Y reads 22 5K, S8 f 1 reads
S ) IR L R L b R S AR A R S
JIFI 7 30 - 354K B AR — 30 AR RIS R RE it v
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Figure 3 Taxonomic tree based on nanopore MinlON sequencing results
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Table 4 Comparison of sequencing results before and after the dilution of the nucleic acid samples

Bedl o epside)s REdER WDFER CPHIFRE AT M reads  EURE A reads BRI A reads PR
HFR B (ng/pl) (kb) I (bp) B () B () F R (%) (%)
F19 8.6 23 400.0 9.8 1479 15107 3267 21.6 89.4
F197 11 298.5 9.7 1470 187 20 10.7 89.1
F70 2.0 1.200.0 8.2 1247 736 521 70.8 85.4
F70"! 0.5 101.3 8.3 1101 56 39 69.6 85.3

T FARERM L -1 URTRE 10475

2.2.2 MR A gk E)Elj(carryover) O R IE BRI IS
reads [ F- Y8 70 910 105 336 F1 1 4114, 5k B L Ky
0.9%~3.0% , -3 K 1.4% ; K 4 B SR 38 442 1 reads
SEAAAE 43 52 16 541 F1218, 55 ¥4 1 0~1.4% ,F
YIE R 1.0%, WFS5,

3 it i

Wi S e R E AR 8 £z —, |
A N 70 9 1) 20 b LU R AR, 75 LA rh R e

ARG R AT L8 AL LRI A BAT B0 M, Wik ir
DUAR P 25 308 (A0 R R 905 L 0 A
RS LA SRAL LA MR . FRATTRE PR L 7K i
YRR 7R RS AR LI P OR8N A
o ity R T S 7 AR A ) S PR 20 R A
HUARAY B AR . SRR Z BUR R Y A AR
T, REAL R ALA B | By SRR 1A | 5 Ui b
OB 5 BF G AN B R T A 16 N B 2 R =
ARG 0SS0 S S A BSURRE v 9 A 7 3 A T s
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Table 5 Comparison of the number of reads before and after cleaning the sequencing chips

Frifag TE VG reads HI U reads BRI L UG KB R reads BIRIT L /R B R reads  FRFA L
(Barcode,BC) * A (4>) A (4>) (%) A (4>) ik (4) (%)
BCO1 8539 647 576 1.3 372 28 840 1.3
BCO02 937 75 548 1.2 325 25879 1.3
BCO3 756 60 854 1.2 316 25 886 1.2
BC0O4 4552 312742 1.5 1117 77 833 1.4
BCO5 99 8048 1.2 0 4 0.0
BCO6 84 9395 0.9 20 1967 1.0
BCO7 23 1764 1.3 19 1420 1.3
BCO8 116 9597 1.2 67 5470 1.2
BC09 195 15793 1.2 33 3267 1.0
BC10 6 203 3.0 0 20 0.0
BC11 218 17 178 1.3 131 11 362 1.2
SER{E 1411 105 336 1.4 218 16 541 1.0

T ra TR —AEES R 1 PR IS Barcode

s il 3ok 4 i 2 A RNRA T Y A — R, R
ARG Y T A I T BB 3 — B b R % LA I AR
F1F.

H AT, % AR 2290 B £ 548 558 hy v 2550 A G
HAR, 4nE B PCR M PG E 1 PCR ., 2 R AR IR Y 1
HAR  ZHERMEAR SR AR AR AR, e )y
T PR X R S A R 1 RO R G I v L TE R
S ARG EAR BEAT IR ARG . A = AN R 168 1 1
TG A 2 L A P )72 0 T R A L 1Y
PyFh = A AR SSRGS o JEAF G T ARSI
A R E A 2T H 8 22, %k 0 T I AR I2 Wi A
S FEAIF 9 114 7 35 R 2 O i) 0 e 7 R P A0 L TE
T ARG EAEARE A B L RO 1Z N %
W LB M R B R AR R SR A
JT A E AL 0 SR ARSI 8 — AR o 2 (H R
AT AL MinlON P | B 32 5 45 il
G I FsF (6] 6 7 LA AR A AR 3 PP %
AR FH T BUA% o SRS I %) P A5 ASBIF ST e R T
IR AR B PH A Y BRI S B A TG

MinlON ¥ J5 30 min PN FF4A 7= A= 5005 , [R]Aeadk
TP IE U RN 432 0B o 7 5K B2 LA 1500 bp (1)
reads >N 3, B0 I B 2 T A R Ui 1 U F
SCPE A& AR RN S Es B 25 BB [r) it ;= A
THURRRE B A BRI i S URE S E R OR AL
JP H ARG E J AR, S TR A 1 L 7R 3 R read s £
ZE R R %8 79.29%~92.0% ., ILAb,
0 KL PP AS (ARG H R A4, 50 i o G A il
21 20 Fp S G T 2] A E TR, 12 B R A S B A B
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